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PREFACE TO THE 18th EDITION 

I N the fifteenth edition of The American Society of Heating and 
Ventilating Engineers Guide, several innovations have been incor- 
porated by the Guide Publication Committee to aid those individuals who 
are specializing in heating, ventilating, air conditioning and allied in- 
dustries. Newly recognized standards of the profession have been 
carefully reviewed and added to the text section so as to maintain The 
Guide in its recognized role of presenting authoritative and fundamental 
data. Recent research developments have been summanzed and added 
to this volume in order to maintain the onginal conception of The Guide 
formulated in 1922 of presenting authentic and current investigative 
results which may be of practical value to designing engineers. 

The data for properties of dry and saturated air have been recalculated 
and tabulated based on the instantaneous specific heats of air. A new 
table has been added giving the true, mean and instantaneous specific 
heats of air over a wide range of temperatures. 

The chapter has been completely rewritten which deals with the 
Physical and Physiological Principles of Air Conditioning covering the 
varied fundamental requirements which must be considered in properly 
designing a system to provide comfortable environments and thereby 
satisfy human needs. 

Because of the introduction of new building materials and insulators, 
the tables of heat transmission coefiSdents have been enlarged and the 
text material has been rewritten and condensed with revised arrangements 
of fundamental formulae. 

Problems of Humidification, Dehumidification and Water Cooling 
Equipment are discussed in a new chapter. Design tables and curves are 
induded for estimating the number of natural draft cooling tower sections. 
Mechnical draft cooling tower design factors are presented with conversion 
factors corresponding to design wet-bulb temperatures. 

New illustrations have been induded in the chapter on Unit Heaters, 
Ventilators, Air Conditioning and Cooling Units and the text has been 
completely revised to incorporate the newer trends of unita^ equipment. 

A new chapter on Automatic Control is presented this year which 
condsely describes the several types of control for residential, commercial 
and industrial applications. 

The new chapter on Sound Control has been prepared to present the 
subject material in a manner more suitable for interpretation by the 
heating and air conditioning engineer. A method is outlined for determin- 
ing the proper amount of sound absorbent material to apply to a duct 
system based upon an experimental laboratory duct lining factor. 

Another new chapter. Air Distribution, gives the latest information on 
air diffusion technique within enclosed spaces. The important considera- 
tion of air outlet noises is discussed in detail with charts and illustrative 
examples to indicate a method of grille or outlet selection. 

The material on Gravity and Mechanical Warm Air Furnace Systems 
includes the latest results developed in the Research R^dence of the 
National Warm Air Beating and Air Conditioning Association. A system- 
atic approach to the design problems encountered in both summer emd 
winter air conditioning is outlined in detail. 
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Inserted this year in the chapter on Chimneys and Draft Calculations 
is a method of separately determining duct and chimney friction factors 
as a function of the flow conditions, and specifically as a function of the 
Reynolds number and the relative chimney or flue pipe roughness. 

The chapter on Drying Systems which was introduced last year has 
been improved by the addition of several new charts and tables applicable 
to varied systems of drier installations. Other chapters which have 
been revised and amplified with much new material are: Refrigeration, 
Cooling Methods, Air Cleaning Devices, Railway Air Conditioning, 
Boilers, Radiators and Gravity Convectors, Steam Heating Systems, 
Piping for Steam Heating Systems, Hot Water Heating Systems and 
Piping, and Electric Motors and Controls. 

A new 16 x 20 in Bulkeley Psychrometric Chart witli an additional 
directrix line will be found in a convenient envelope attached to the inside 
back cover, thus making it easily accessible for performing psychrometric 
calculations. All of the principal illustrations, curves and charts have 
been redrawn in order to present a more uniform appearance throughout 
the book. The drawing symbols for heating, ventilating and air con- 
ditioning applications have been revised and amplified to include the 
piping and fitting symbols recommended by the American Standards 
Association for drafting room practice. The Problems in Practice have 
been continued with new and practical solutions to expand the text 
material given in each of the 44 chapters. 

Manufacturers recognixing the meritorious features of Thk Gtnnit as an 
advertising medium have been responsible for an increased number of 
pages in the Catalog Data Section. Special efforts have been made this 
year to have the manufacturers present in their advertising pages of 
descriptive material, detailed technical data and equipment dimensions. 
This will enable the heating, ventilating and air conditioning engineer to 
have available in one volume a great deal of the essential data required 
for designing a complete system. The Committee is appreciative of the 
cooperative efforts of the manufacturers who have assisted in this program. 

The continual demand for increasing copies of this handbook by 
collies, universities, engineering and technical schools is further evidence 
of the recognition given to The Gotde as the standard authority in the 
field of heating, ventilating and air conditioning. 

It is hoped that the reader of this edition will be amply rewarded with 
the information contained in the 1180 pages of text and catalog data and 
that the conciseness and reliability of data presented will impress the 
user who desires a handbook for quick reference. It is ^ain bound in a 
flexible blue cover with gold stamping. 

In releasing this fifteenth edition of 14,500 copies, the committee hopes 
that The Gthde 1937 will receive the same enthusiastic reception that 
has been accorded to previous volumes which have appeared an nually 
since 1922. 


> Chairman 
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CODE of ETfflCS for ENGINEERS 

E ngineering work has become an increasingly important factor 
in the progress of civilization and in the welfare of the community. 
The engineering profession is held responsible for the planning, construc- 
tion and operation of such work and is entitled to the position and 
authority which will enable it to discharge this responsibility and to 
render effective service to humanity 

That the dignity of their chosen profession may be maintained, it is 
the duty of all engineers to conduct themselves according to the principles 
of the following Code of Ethics: 


1 — ^Thc engineer will carry on his professional work in a spirit of fairness 
to employees and contractors, fidelity to clients and employers, loyalty 
to his country and devotion to high ideals of courtesy and personal 
honor. 

2— He will refrain from associating himself with or allowing the use of his 
name by an enterpnse of questionable character. 

3 — He will advertise only in a dignified manner, being careful to avoid 
misleading statements. 

4— He will regard as confidential any information obtained by him as to 
the business affairs and technical methods or processes of a client or 
employer. 

5 — He will inform a client or employer of any business connections, interests 
or affiliations which might influence his judgment or impair the 
disinterested quality of his services. 

6— -He will refrain from using any improper or questionable methods of 

soliciting professional work and will decline to pay or to accept com- 
missions for securing such work 

7— He will accept compensation, financial or otherwise, for a particular 
service, from one source only, except with the full knowledge and 
consent of all interested parties. 

8— He will not use unfair means to win professional advancement or to 
injure the chances of another engineer to secure and hold employment. 

9— He will cooperate in upbuilding the engineering profession by exchang- 
ing general information and expcnencc with his fellow en^dneers and 
students of engineenng and also by contributing to work of engineering 
societies, schools of applied science and the technical press. 

10— He will interest himself in the public welfare in behalf of which he will 
be ready to apply his special Imowledge, skill and training for the use 
and benefit of mankind. 
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Air (eonimued) 
diitnbution of 
residence, 431 
with unit ventilators, 249 
dry, 1, 4, 8. 68^790 
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exfiltration, 181, 178 
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flow, 76, 81 
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control, principles of, 91 
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queilMi'y, 78, 81 
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Air (continued) 
rearculation of. 83 
fan systems, 170, 178 
umt ventilators, 248 
saturated, 1, 6 , 10, 795 
secondary, 485, 516 
space conductances, 103 
speeds to convey material, 302 
standard, 796 
summer, conditions, 71 
still. 61 

velocity, (seeVdoctiy, Air) 
vitiation, 55 
volume, 12 

washer, 217, 788 (see also Washer, Air) 
cooling towers for, 223 
operation of, 285 
saturation emaency, 219 
weight of, 6 

Air conditioning 55, 82, 221, 787 (see also Air) 
air change per occupant, 75 
A S.H VE, standard, 81 
chemical factors, 55, 81 
comfort chart, 67, 68 
fundamentals of, 1 
industrial, 727 
apparatus for, 221 
automatic control, 275 
exhaust systems, 383 
of libraries, 736 
• plants, 221, 298 

process conditiomng, 727 
unit, coolers, 253 
industries, reauinng, 729 
objective of, 1 . 81 
physical factors, 55, 81 
rearculation of air, 83, 177, 282, 438, 514 
standards, 55, 81 
symbols, 804 
Ali^e formations, 228 
Alternating current motor, 761 
Alumina system of adsorption, 199 
Aluminum foil, 104 
Ammonia, 36, 224 
Anemometer, 781, 788 
Anthraate, 483, 487 (see also Coal) 

Apartment houses, 
hot water supply to, 659 
stokers suitable for, 502 
Area of, 

chimneys, 471, 481 
fittings, 182, 418, 486, 454 
grates, 182. 487, 454 
human body surface, 76 
leader pipes, 412 
pipe, 669 
registers, 415 
stacks, 414 
wall surfaces, lOO 

A.S.H.y.E. Codes and fitandards, 81, 96, 308, 320, 
541 

A 4 S.M B boiler construction code, 457 

Absestos, 674 
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out^^:g)r by stokers, 497 

Atm<^phere, standard, 738 

Atmospheric steam heating system, 558^^, 690 

Atmospheric water oooUng apparatus, 228 

^ssc, m m 

AtttomaUc control, 275, 483 (see also Controls) 
buriiixw equipment, 497 


gpciga ferula for steam flow, 571 
uAtm sSbr distribution system, 860 


Bananas, 732 
Bam ventilation, 95 
Barometer, 
aneroid, 777 
mercunal, 777 
Baudelot, 
chamber, 220 
heat absorber, 211 
Bends, expansion, 630 
BET, British equivalent temperature, 707 
Blast, 788 

Blower, blowers, 317 (see also Fans) 
standard test code for, 320 
Blow-through heating umts, 171 
Body, 

human, surface area, 76 
odors, 74 

Boiler, boilers, 443. 788 
allowances. 664 

A S H V E test codes, 448. 807 
A.S M E. construction code. 457 
baffles, 428. 788 
capaaty, 443 
care dunng summer, 460 
deamng, 460 
connections, 457, 586 
conversion, 456, 513 
design of, 446 
domestc oil burners, 512 
draft loss through, 473 
effiaency of, 447, 451 
for electnc steam heating, 719 
fittings, 457 
gas-fired, 445. 454. 514 
heat transfer rates, 447 
heatiiift 8urftumjjM7. 517, 788 
horsepower, 451, 788 
installation, 456, 459 
insulation, 461 

low pressure, constmetion code, 457 
oh biitaers, 479. 512 
operation, 459 
output, 450 

performance curves, 454 
ratings of, 448 
runouts, sues, 589 
I scale in, 460 
selection of. 182, 451, 454 
settings, 446, 512 
for mechanical stokers. 505 
troubles with, 459 
types of. 448, 719 
wanmng-up allowance, 452, 454 
water line, 468 
Boiling point of water, 27 
Booster, 
coils, 171 
fans, 187, 424 
Booths, spray, 390 
Bourdon tube, 777 
Boyle's law, 7 
Brake horsepower, 
heat equivalent of, 151 
Branch connections, 547 
Breeching, draft loss through. 476 
Bnne, 211, 269 

British equivalent temperature, 707 
British thennal unit, 788 
Buildlnfi, buildings, 
air veloaties in, 869 
dassifleation for district heating, 699 
construction, heat transmission of, 101, 1Q7 
fflstrict hea ti n g, 692 
fudrequiremmfBof.521 
hot water si^y to, 656, 059 
intermittently cooled, 162 
ihtexmittenUy heated, 151 
load factors, 580 

matenala, tnuumission of, 107 

noise in, 884 

saying of steam in, 698 


water supply 645 
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Burner, burners, 
automatic equipment, 407 
coal, 407 

conversion, 516, 518 
gas, 514 
oil, 512 

By-pass method, 18G, 788 


Cabinets, (see Enclosures ) 

Calone, 788 
Calorific values, 
coal, 484 
gas, 403 
od, 491 

Capaator motor, 764 
Capillary moisture, 743 
Carbon dioxide, 36, 225 
concentration in air, 76 
as corrosion agent, 642 
as an index of. 
combustion, 485 
draft loss, 474 
odors, 56 

measurement of, 783 
Carbon monoxide, 
m air, 296 
in garages, 06 
poisomng, 297 

produced by oil burners, 508 
Carnot csrde, 42 

Cattle, heat and moisture produced by, 05 
Ceilings, heat transnusslon. 121 
Central air conditioning systems, 185 
design of, 173 
location of apparatus. 180 
ratings of, 192 * 

spray type, 186 

Central fan heating systems, 100, 788 
all year control for, 284 
computations for, 177 
connections, 503 
cooling cycle control for, 283 
design of, 173 
electncal. 718 

heating cycle control for, 280 
heating requirements of, 172 
Charles^ law, 7 
Chart, 

of air densities. 6 

air flow and loudness, 356 

comfort. 68 

of duct limng factor for sound, 343 
effective temperature, 04, 65, 60 
humidity, 746 

peychrometnc 25, 64, 65, 66, (Jback ewer) 
Rmgleniann, of smoke densities, 784 
room absorption correction, 357 
Chimney, chimneys, 463 
areas of, 471, 474, 481 
characteristics 466 
construction of, 478 
effect, 86. 89, 139, 561, 789 
for gas heating, 470 
performance, 470 
sixes, 471, 474, 481 
Ventun, 4M 
Cinder, anders, 296 
catching devices, 301 
disposal of, 303 


Circular equivalents of rectangular ducts. 872 
Curculators, 515 

gty, m anmiun water main temperature, 196 
dassrooms, (sss Schools) 

CleanerB, air (ms Air, deantngDmces) 
Clearance, window sash, 184 
Coal, (sss also AiUhractU, Coke, Ltgntle) 
air speed for conveying, 302 
analysis of. 483 
bitmnmous, 489 
calorific value, 484 
classification of, 483 


Goal (eonitnued) 
dust, disposal of, 205 
dustless, 190 
pulverized, 400 
scmi-bituminoiis, 400 
size of, 485 
Coal burning systems, 
automatic contiol of, 200 
automatic filing eiiuipmenl, 407 
boilers, 443 
combustion rule, 128 
draft required toi, 175 
fuel requnements, calculation, 522 
tiimacc ictiuiremenls, 429, 133 
liand-fired, 491 
stokeis, 497 
Codes, 

A S II V rc. codes and standards, 807 
for grinding, pohsliing, and bufilng wht^ds, 380 
for proportioning warm air heating t>lunu, 514 
for use of refrigerants, 187, 250 
Coefficient of friction, 468 
Coefficient of performance, 42 
Coefficients of heat tmmmission, {see Heat Trans* 
mtsnoH, CoeffietcrUs) 

Coils, 

booster, 171 
cooling, 250, 440 
evaporator, 250 
heating, 171, 250 
hot water, 256 
pipe, 503 
preheater, 171 
radiator, 533 
reheater, 171 
steam, 171 
tempering, 171 
Coke, 484 
combustion of, 400 
Cold, effects on human body, 50 
Collectors, dust, 303 
Combined system, 
air conditiomng equipment, 185 
central fan, 100 
Combustion, 483 
air required for, 485, 404 
of different coals, 487 
^ gas, 493 
of od, 508 

rates for heating boilers, 444 » 
smokeless, 447 
with various stokers, 407 
Comfort, 61 
. chart, 68 

effective temperature, 03 

heating for, 705 

level, 537 

hne, 07, 00, 789 

for men working, 70 

optimum air conditions for, 06, 00 

school children, 00 

zone, 07, (j« mo Zone, Comfort) 

Compensated cooling control, 285 
Compliance, of sound insulating materials, 340 
Composition of water, 27 
Compound wound motor, 701 
Compressed air, 222 
Compressors, 35, 206 
reversed refrigeration, 50, 722 
types of, 35, 206 
Condensation, 
on building surfaces, 151 
meters, 697 
prevention of, 151, 681 
rate in radiators. 537 
return pumps, 562 
m steam heating systems, 545, 571 
in winter, 73 
Condenser, 35 
design data, 209, 225 
tTirUne, 223. 226 
water temperatures, 226 

CondiUo^ng and drying 788 («s also Air Condi* 
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Conductance, 100, 102, 789 
of air spaces, 100, 103 
of buildins materials, 107 
of insulation, 107, 673 
suiface, 102 
Conduction, 633, 789 
Conductivity, ICiO, 102, 789 
Conduit, ()S9 
Connections, 
for boilers, 457, 586, 688 
branch, 547 

for central fan systems, 593 

for chimneys, 474, 481 

for convectors, 592 

for direct heating systems, 692 

for drams, 458 

Hartford return, 588 

for hot water systems, 020 

for indirect heating units, 595 

for pipe coils, 593 

for radiators, 590, 616 

service, 692 

Constant speed motor, 762 
Construction code for low pressuie boilers, 457 
Contours, velocity, 387 
Control, controls, 

of air conditioning eoiiipment, 276, 292, 280 
combined system, 280 
split system, 281 
apparatus, 270 
automatic, 275, 289, 290, 433 
gas burner, 290 
oil burner, 290 
stoker, 291 

compensated cooling, 285 
of cooling umts, 287 
domestic hot water, 292 
of electrical heating, 723 
of electric motors, 761, 709 
electne, system, 278 
of fans, 327 
manual, 89 

of mechanical warm air systems, 80 
modulating. 279 
of natural ventilation, 433 
of oil burning equipment, 290 
pneumatic, system, 278 
positive acting, 278 
pressure, 277 

rate of biochemical reactions, 731 
rate of chemical reaction, 731 
rate of crystallisation, 732 
of refrigeration equipment, 293 
compressor, 293 
Icc, 293 
vacuum, 293 
well water, 294 
of regain, 732 
of relative humidity, 277 
residential, systems, 291 
room, 279 

self-contained, system, 278 
of sound, 333 

of steam heating systems, 500 
of temperature, 275, 511, 723 
unit, 286 

of vacuum pumps, 80, 515, 705, 717, 789 
zone, 280 
Convection, 504 
Convectore, 533, 538, 789 
A.S.HVE code for, 541 
connections for, 502 
correction rating factors. 541 
design of, 539 
gmvity, 533 

heat emission by, 523, 540 
heating capaaty, 540 
performance chamctenstics, 540 
selection, 540 
Conversion burners, 516 
Conversion equations, 801 


Coolers, 
surface, 192 



Cooling, 11, 24 

with central fan heating systems. 440 
design, system, 441 
effect, 10 

effective temperatures for, 82 
by electric refngeration, 51, 722 
equipment, design of, 224 
ev^orative, 185, 197, 219 
of nuids, 225 
of human body, 159 
load, 167 

with mechamcal warm air systems, 441 
methods, 185, 195, 440 
ponds. 227 

railway air conditioning, 401 
relative humidities for, 82 
towers. 206, 209, 224 
umts, thermostatic control, 287 
water, 224 
Copper pipe, 624 
Corrosion, 
of boilers, 460 

of mdustnal exhaust systems, 393 
protective matenals, 396 
inhibitors, 643 
of pipe, 642 
tester, 643 
Costs, 

of distnct heating service, 700 
of electrical heating, 725 
of zailway air conditiomng, 407 
of umt conditioners, 270 
Crack, window, 134 
Cyclone dust collector, 303 


D 


Dalton, law of partial pressures, 1 
Damper, dampers, 
apparatus which operates, 275 
control, 88 
m duct systems, 433 
motors, 277 
types of, 433 
With umt ventilators, 248 
Deabel, 333, 790 
Definitions, 82 
Degree-day, 790 
b^e temperature for, 520 
methods of estimating fuel consumption, 523 
records for aties, 524 
Degrees, perspiration, 77, 70 
Dehumidification, 11, 217 
effective tempemtures for, 82 
method of, 185, 198, 258 
by refngeration, 198 
r^tive humidities for, 82 
Dehumldlfier, dehumidifiers, 198 
alumina, 200 

m central air conditiomng systems, 187 
in mdustnal air conditiomng, 221 
silica gel, 199 
types of, 222 
Density, 3, 790 
of air, 6 

of saturated vapor, 12 
speafic, 3 
of water, 27 
Design temperature, 
dry-bulb, 158 
wetrbulb, 158, 225 
Dew point, 790 

relation to relative humidity, 9 
temperature, 2, 277 

Diameter, curcular equivalents of rectangular 
ducts, 372 

Dichlorodifluoromethane, 35, 38, 207, 225 

Diesel engine, 226 

Direct current motor, 761 

Dirt pockets, 598 

Disc fans, test code for, 320 

Distribution of air, 6S7, {see also Aw, Dtsiributum) 

Distnct heating, 687 
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Diverter, back draft, 479 
Domestic oil burners, 606 
Domestic supply, 
hot water, 612, 659, 721 
control, 292 
water, 645 
Doors, 

air leakage through, 134 
coefhaents of transmission of, 127 
natural ventilation through, 88 
Down-feed piping systems, 64S, 519, 560, 562, 790 
Downward system of air distribution, 360 
Draft, 463 
available, 466, 473 
back, diverter, 479 
dimensions, 480 
calculations, 463 
capacity, 465 
equation, 473 
gage, 778 
head, 790 

intensity required, 474, 487 
losses, 474 
in chimneys, 476 
through fuel bed, 474 
mechanical, 464 
natural, 463 
theoretical, 466 
towers, 229, 230 
Dram connections, 458 
DraW'through heating umts, 171 
Drawing, s^bols for, 804 
Dnpping of steam pipes, 597 
Drum dryers, 740 

Dry-bulb temperature, (see Temperaturf, Dry^bulb) 
Dry return, 791 
Driers. 741 
adiabatic, 741 
agitated, 740 
batch, 740 
compartment, 740 
continuous, 740 
cylinder, 740 
design, 750 
drum, 740 
festoon, 740 
high temperature. 755 
induction. 740 
intenxuttent, 740 
rotary, 740 
spray, 740 
tower, 740 
tuzmel. 740 
vacuum, 740 


Drying, 731, 739, (res also Regam) 
adiabatic temperature, 741 
air aiculation in, 745 
combustion, 747 
by conduction, 741 
constant temperature, 742 
control operation, 741 
circulation, 741 
by convection, 741 
design, 750 
direct contact, 741 
eqmpment for. 745 
estimating method, 757 
factors Innuendng, 748 
i»M combustion constants for, 751 
high temperature, 744, 755 
humidity in, 744 
humidity chart, 746. 747 
low temperature, 744 
mechanism <^742 
methods of, 7^ 
omissions m the cycle, 742 
by radiation, 739 
stages of moisture diffusion. 742 
constant rate period, 742 
falliim rate period. 742 
sun, 789 

temperature in, 744 
tune of, 745 
materials, 748 
vacumn, 726 
ventilation phase, 753 


Duct, ducts, 
air, 363, 432 
design of, 303, 309 
equal triction method, 369, 371 
velocity method, 369 
for air distribution, 347 
air velocities in, 392, 435 
arcular equivalents, 372 
construction details, 380, 391 
design ol duct systems, 369, 378, 390, 432 
humidity measurement in, 7Sit 
lining factor for sound, 312 
noise transmission through, 342 
pressure loss in, 361 
elbows, 301, 393 
for recirculated air, 415 
resistance, 393 
sheet metal for, 380, 391 
sues of, 367, 371, 385 
temperature loss in, 175, 412 
temperature measurement in, 778 
velocity measurement in, 780 
Dust. 83, 295. 701 
air speeds to convey, 302 
catching devices, 301 
collectors, 303 

concentration in air, 307, 784 
counter, 78 i 
diroosal of, 30.3 

industrial exliaust systems, 383 
measurement of, 784 

Dyxiamic equilibrium Cuniet's equatioti lor, 2 


£DR, equivalent direct radiation, 796 
Effective tempemtuxe. (mTmptrature, HdtUtve) 
Elbow, elbows, 
design, of, 432, 030 
equivalents, 607 
loss of piowmre in, 364 
resistance in, 393 
sheet metal used m, 391 
welding of, OiH 
Electric, electrical, 
automatic, control system, 278 


central fan heating systems, 718 
control, motor, 761 
current, as corrosion agent, 6't2 
heat eciuivalcnt, 725 
heating, 715 
auxUiary, 723 
cost of, 724 
cost of insulation, 725 
of hot water, 721 
heating elements, 256, 715, 716 
with unit heaters, 718 
lamp bulbs, heat from, 151 
motors, 761 

Eliminator plates and baOles, 217 
Emissivity, 708 
Enclosures, 
concealed heaters, 538 
convectors, 538 
effect of, 537 
unit air conditioners, 201 
Eiufines. 

Diesti, 226 

internal combustion, 225 
Enthalpy. 22, 701 
Batropy, 28, 775 
Equations, conversion, 801 
Equilibrium, 
dynamic, 2 
hygroscopic, 730 
Equipment room, design of, 341 
Equlvalent^uivalents, 
circular, 372 

di^ radiation, 150, 601, 796 
elbow, 607 

evaporation, 451, 701 
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Equivalont, equivalents (fiontinued) 
heat, 801 

of air infiltration, 140 
of brake horsepower, 151 
elcctncal, 725, 802 
mechanical, 794 
length of run, 575 
square feet, 534 

Estimating fuel consumption, 521 
Eupatheoscope, 711, 723. 786 
Evaporation, 232 
equivalent, 451 
from human body, 58, 80 
from water pans, 538 
Evaporative cooling, 185, 195, 197, 219 
Evaporators, 37 
Exmtration, 131, 173, 521 
^haust systems, 383 
efficiency of, 395 
flexible, 390 
industrial, 383, 390 
lateral, 389 


Expansion, 
of joints, 585. 689 
of pipe, 586, 627, 689 
in steam piping, 689 
tanks, 617 

Exposure factors. 150 


F 


Fan, fans. 317 
as accessory apparatus, 718 
A.S,H V E. test code for, 320 
attic. 271 

booster, equipment, 187, 424 
control of, 327 
designation of, 329 
dnves, airangement of, 328 
for drying, 320 
^ for dust collecting, 327 
dynamic effiaency of, 319 
efficiency of, 319 
m electrical heaters, 718, 723 
furnaces, 411, 437 
for gas-fired furnaces, 514 
for mdustnal exhaust systems, 895 
mechaxucal draft, 464 
mechanical efficiency of, 319 
motive power of, 329, 761 
control of, 761 

operating characteristics, 319 
operating vdocities, 325, 826 
performance of, 317, 325 
quietness of, 245 
ratings of, 324 

selection of, 324, 327. 329, 395. 436 
static effiaency of, 319 
system chaiactenstics, 323 
systems of heating, 169 
tip speeds, 324 
total effiaency of, 319 
types of. 317, 821, 325. 424 
in unit conditioners, 261 
in warm air systems, 424, 430 
Fatigue, human, 60 
Filter, filters, 303, 310 
automatic, 312 
doth. 304 
design of. 310 
dry air, 313 
installation of, 313 
resistance of. 430 
for sound, 342 
unit type, 310 
VISCOUS type, 310 
Fire walls, 391 

Fittings, 623. (rw also Conneaions, r%pe) 
areas of, 682 
copper, 633 
flanged, 636 
lift, 556 
screwed, 632 
welding, 630, 640 


Flame, with oil burners, 507, 509 
Flanges, welding neck, 639, 640 
Flexible maten^, 339 
Floors, heat transmission through, 121 
Flowers, temperatures for greenhouses, 737 
Fluid, flmda, 
cooling of, 225 
formula for flow of, 363 
meters, 696 
Foodstuffs, 

regam of moisture of, 730 
temperatures and humidities for processing, 734 
Force, 792 

Forced-air heating system, design, 434 
Forge shops, heat given off in. 91 
Formulae, 
conversion, 801 
heat transmission, 101 
Foundries, heat given off in, 91 
Freezing, 

of cooling water, 232 
insulation against, 679 


Fnction, 

of air in pipes, 366, 367 
m chimneys, 468 
coeffiaents, 367 
factors, 427 
heads in pipes, 606 
in heating units, 172 
losses m ducts, 365, 367, 371 
in water pipes, 653 

Fuel, fuels, 483, isae also AnthraesU^ Coal, Coke, 
Gas, Lignite, Oil) 
bed, draft loss through, 473 
burning equipment, automatic, 497 
consumption. 521 
oil, heating value, 752 
requirements. 522 
degree-day method, 523 
theoretical method. 522 
utilization of. 521 

Fumes, 295, 792 
mdustnal exhaust systems, 383 
toxioty of, 299 

Fundamentals of heating and air conditiomng, 1 


Furnace, furnaces. 792 
capaaty. 417 

design of, 417, 446. 428. 434. 491 
door slot opemngs, 486 
hand-fired, 491 
performance curves of. 419 
ratings of. 487 
types of, 427, 437, 514 
volume, 792 

for warm air systems, 427, 47 


Fumacestat, 433 


pressure, 777, 792 
steam, 457 
vacuum, 777 
Galvanometer, 778 
Garage, garages, 
air flow necessary in, 92 
A.S.H.V E ventilation code, 96 
heaters for, 516 
Gas, gases, 
burner control 290 
calonflc value, 151, 493 
constant for dry air, 8 
in chimneys. 467 
flue, analysis, 784 
fuel, 

manufactured, 498 
natural, 493 
properties of, 494 
scrubbers. 303 
toKidty dr, 299 


xiii 




American Society of Heating and Ventilating Engineers Guide, 1937 


Gas-fired appliances, 290, 513 
automatic control of. 200, 513 
boilers, 445, 456, 514 
selection factors, 617 
carbon monomde produced by, 518 
chimneys for, 479 
classification, 513 
control of, 514, 516 
conversion burners, 51G, 518 
furnace requirements for, 428, 434 
installation, 618 

rate of gas consumption, 517, 520 
ratings of, 617 
types of space heaters, 515 
used with umt heaters, 246 
warm air furnaces, 514 
Gaskets, 634 
Glass, 

heat tiansxmtted through, 127, 164 
solar radiation through, 163 
Glossary of terms, 787 
Grates, 702 

areas of, 182, 418, 436, 449, 454. 702 
of furnaces, 182, 418. 436, 449, 454 
of stokers, 407 
Gravity, 
convectors, 533 
heat emission of, 533 
gravity-indirect heating systems, 542 
specific, 3 

steam heating systems, 546 
one-pipe air-vent, 545, 548, 570, 501 
two-pipe oir-vent, 540, 580, 501 
warm air heating systems, design of, 411 
Greenhouses, temperatures for, 737 
Grille, gnllcs, 702, (see also Registers) 
anemometer readings throu^, 781 
for concealed heaters, 540 
rearculating, 416 
of roof ventilators, 88 
velocity through, 435 
for warm air systems, 415, 431 



Hartford return connection, 548, 588 
Health, effect of air pollution on, 296 
Heat, 792 

absorbed by building structure, 151 
au: infiltration equivalent of, 140 
capacity, 162, 793 
of leader pipes, 412 
conduction, 789 
consumption, 521 
content, 

of air and water vapor, 12 
of dry air, 22 
of gases, 753 

of saturated water vapor, 23 
convection, 789 
conversion equations, 801 
demand, factors governing, 143 
effects on human body, 58 
electrical equivalents of, 725, 802 
emission, 

of convectors, 533, 540 
by radiation, 708 
of radiators, 583, 540 
equivalent, equivalents, 802 
of air infiltration, 140 
of brake horsepower, 151 
electneal, 725, 802 
exchanger, 223, 224 
shell and tube. 209 
flow meter, 785 
gam, 

from fixtures and machinery, 165 
from outside air, 165 
to be removed, 101 
infiltration equivalent of, 140 
latent, 81 
loss, 76 

of ^e liquid, 28, 793 


Heat (eonttnued) 
loss, 

from bare pipe, 0(10 
computation of, 90, 152, 708, 723 
determination of, 143. 150. 521, 705 
effect oi insulation on, OS,*! 
from human body, 7(1, 705, 707 
by infiltration, 140, 521 
latent, 76 

from piping of gas-fin^d iunuices, 51(1 
by radiation, (15, 705 
sensible, 7(1. 707 
to imheatcil looms, 128 
maximum probable domiind, 143 
mechanical equivalent of, 704 
pioduced by cattle, 06 
produced by human body, 57 
pump, 50, 722 
mdiation, 705 
regulation in man, 57, (11 
requirements, 522 
sensible, 195, 705 
of air, 12 
loss, 70, 707 
of water, 31 
solar, 1(10 

sources of, 705, 710 
other tlian luxating plant, 150, 20.3 
specific, 31 
totol, 22, 797 
of Hatiirated steam, 28 
transfer, 01) 
coefficients, 100 
transmission, 00, 705 
through mr spaces, 101 
through building materials, 101 
calculations, 09 
coefficients, 90, 106 
of ceilings, 121 
combined, 128 
of doors, 127 
of floors, 121 
of glass waUs, 127 
of insuUtion, 107 
of roofs, m 
of skyligUtH, 127 
of wails, 114 
of windows, 127, 163 
convection ciiuation, 705 
definition of texms used, 100 
effects of solar radiation on, 160 
formulae, 101 
through klass, 126, 163 
measurement of, 785 
in surface coolers, 103 
by surfaces not exposed to the sun, 150 
symbols usticl In formulae, 100 
tables, 00, 107 
time lag, 102 
utilUatlon, 521 
Heaters, 

for domestic hot water, 661 
electric, 716 
capad^ of, 725 
radiant, 515, h7 
space, 516 
unit, 237, 718 
wall, 514 

leatlni {see also Ileal) 
district, 200, 087 
effect of radiators, 536 
electrical, 715 
elements, electric, 710 
fundamentals of, 1 
load, 143 
medium, 703 
radiant, 705, 717 
i»Uway air conditioning, 401 
by reversed refrigeration, 60, 722 
surface, 447, 703 
square foot of, 796 
symbols, 804 
systeme, 
district, 687 
dectrical, 715 
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IXeatinjl {continued) 
systems 
fan. IGO 

wravity warm air furnace, 411 
hot water, 001 

mechanical warm air furnace, 427 
radiant, 705 
steam, 515 
units, 

blow-throuKh, 171 
central fan, (W3, 718 
draw-through, 171 
value, fuel oil, 752 
water, 015 

Henry and Dalton, law of, 043 
Hoods, 

axial vcloaty formula, 387 
canopy, 380 

for chemical laboratories, 300 
design of, 387 
for exliaiist systems, 383 
of furnaces, 420 
open, 380 

suction pressures at, 386 
Horsepower, 703 
bollei, 451, 470, 788 
brake, 

heat equivalent of, 151 
Hot ^>x, 785 
Hot plate, 785 


Hot water heating systems, 601, 793 
electric, 720 

forced circulation, 603, 605 
gmvity circulation, 613 
installation of, 610 
meclianical circulation, 603 
Hot water piping, 601 
Hotels, 

stokers suitable foi, 502 
temperatures of, m winter, 144 
water supply, 645 
Humidification, 10, 217 
atomization for, 222 
effective temperatures for, 82 
methods of, 257 
relative humidities for, 82 
for residences, 437, 538 
systems of, 221 
with water pans, 538 
in winter, 187, 538 
Humidifier, humidifiers, 272 
atomizing, 222 
with fan systems, 180 
highr-du^, 222 
spray, 222 
types of, 221 
Humldlstat. 434, 793 
Humidity, 8, 82, 793 
absolute, 8, 787 
control, 277 

railway air conditioning, 405 
for industrial processing, 734 
measurement of, 782 
optimum, 72 

.rdative, 9, 82, 705, {see aUtoRelaim Numtdity) 
A.Sn.VJC. standards, 81 
in comfort zone, 68 


effect on moisture regain, 720 
relation to dew point, 0 
specific, 8, 793 
Hygroscopic materials, 728 
moisture content, 727 


processing of. 733 
^in. 727. 728 
Hygrostat, 703 


I 


Ice, in air conditioning; 212, 258, 440 

Inch of water, 793 

Induction motor, 763, 764, 765 


Industrial, 
air conditiomng, 727 
apparatus for, 221 
classification of problems, 730 
air pollution, 297 
cooling systems, 198 
drying, 326, 729 
electrical heating systems, 722 
exhaust systems, 383 
heat sources, 150 
plants, 727 

processing of hygroscopic materials, 729 
temperatures and humidities for, 734 
unit heaters, 246 
Infants, premature, 67. 69 
Inflltratloii, 788 
average. 138 
fuel utihzation, 521 
heat equivalent, 140 
through shingles, 133 
through walls, 132 
through windows, 134 
Institutions, water supply to, 647 
Instruments, 777 
Insulation, 793 
asbestos type, 
comigated, 674, 675 
laminated, G76, 677 
of boilers, 461 
bnght metal foil, 104, 105 
building, 724 

charactenstics of, 107, 673 
effect on heat loss, 683 
with electneal heating, 715 
heat transmission through, 107, 673 
for low temperatures, 673 
of machinery, 337 
magnesia t^e, 673 
of piping, d69 

to prevent condensation, 151, 681 
to prevent freezing, 679 
reflective type, 104, 105 
rock wool type, 678 
of sound, 341 
tables, 107, 673 
thickness needed, 682 
underground, 683 
of vibration, 337 
Internal combustion engines, 226 
Ionization of air, 79 
Isobanc. 703 

Isothermal, 7, 794 „ 




Joints, expansion, 585, 089 
Kata thermometer, 782 


L 


Latent heat, 31, 794 
loss, 76 

of water vapor, 12 
Lead poisomng, 298 
Leader pipes, 411 
heat carrying capacity of, 412 
sue of. 412. 423 

Leakage of air, 131, (sm aiso It^traiton) 
Length of run, equivalent, 575 
Libranes, air conditioning of, 736 
Lignite, 484 

Liquid, heat of the, 28, 793 

Lithium chlonde system of adsorption, 200 

l^ad, 

cooUng, 157 
design, 451 
heating, 143 
hot water supply, 463 
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Load (continued) Motors, elcctnc (continued) 

maximum, 452 split pliase, 7G5 

radiation, 452 synchronous, 760 

Louver fences, 227 varying speed, 703 

MRT, mean radiant temperature, 705, 70H 


M 


Machinery, 
as heat source, 150, 165 
sound insulation of, 337 
Magnesia insulation, 673 
Manometer, 780, 704 

Masonry maten^, heat transmission through, 
Mass, 794 
Mb, 601, 794 
Mbh, 601. 704 

Mean radiant temperature, 706, 708 
Mechamcal, 
draft towers, 230 
eqmvalent of heat, 802 
reingeration, 35 
ventilation, 79 

warm air furnace systems, 427 
air distnbution, 431 
design of, 434 

register and grille locations, 431 
Metabolism, 57, 77 
Meters, 
choice of, 696 
condensation, 697 
fluid, 690 

Nicholls heat flow, 785 
steam flow, 698 
types of, 696 
water, disc, 651 
Methyl chloride, 40, 225 
Metnc umts, 808 
Micron. 307, 794 
Mixture, air and water vapor, 12 
Modulating control, 279 
Moisture, 681 
content, 

of air, 76, 195,221,727 
of hygroscopic materials, 728, 743 
internal, gradient, 734 
loss by human body, 76 
from outside air, 165 
produced by cattle, 95 
regain, 727 
Mol, 794 

Monitor openings. 88 
Monofluorotnchloromethane, 41 
Motive power, 761 
Motors, electnc, 761 
adjustable speed, 762 
adjustable varying speed, 762 
alternating current, 761 
capaator type, 764 
classification of, 766 
compound wound, 761 
constant speed, 762 
control equipment for, 769 
automatic, 770 
manual, 769 
multiBpeed, 772 
pUot, 770 
aixxgLe phase, 774 
slip nng, 778 
damper, 277 
direct current, 761 
control of, 771 
M heat source, 150 
Induction, 

automatic start, 768 
repulsion start, 764 
slip nng wound rotor, 768 
squirrel cage, 705 
polyphase, WS 
selection of. 895 
senes wound, 761 
shunt wound, 761 
Single phase, 764 
special applications, 769 


N 


Natural diaft towers, 220 
Natural ventilation, 70, 85 
Nicholls heat flow metei, 785 
Noise (see also Sound) 
air outlet, 354 
m buildings. 334, 337 
control of, 334 
through ducts, 342 
through room wall surface, 341 
with waim air systems. 430 
kinds of, 836 
level, 

acceptable, 335 
of oompicssors. 207 
of fans, 325 
of unit heaters, 245 
measurement of, 334 
through building construction, 337 
Nosrie, 217 
air spray, 189 
oil atomirer, 507 
water spray, 221 



Odors, 73 
of human origin, 55 
concentration, 74 
removed by outside air, 75 
OU, oUs, 

atomization of, 403 
burner, burners, 
air for combustion, 508 
air supply for, 507, 509 
automatic, 512 
boilem, 445, 447, 511 
carbon monoxide produced by, 508 
for commercial use, 512 
control of, 290, 511 
design considerations, 510 
for domestic hot water supply, 512 
for domestic use, dossiflcatlon, 507 
eflidency of combustion, 510 
flame with, 507 

furnace requirements, 428, 43.3, 508 
igmtion, 507 
instsdlation. 609 
Oil consumption, 510, 521, 528 
operation, 507 
Orsat test, 510 
specifleations, 491 
calorific yalue of, 402 
classifications. 401 
as corrosion inhibitor, 643 
cost of, 403 

heated electrically, 722 
Ignition of, 492 
preheating, 512 
speafications, 491 
Ono<plpe steam heating lyitems, 
graidty ^-vent, 645, 549, 579, 591 
down^feed, 540 
up-feed, 546 
vapor, 550 
Openings, 
air Imet, 88 
monitor, 88 
for natural ventilation, 
location dT, 91 
r^lstwce offered to flow, 92 
size of, 35 
types of, 86 
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Oriflco, onBces, 
friction head8» 612 

steam heating systems, 559, 573, 683, 501 
Orsat test ap^mtus, 610, 784 
Outlets (see mo Rcgtstersy Grilles) 
design and location of, 359 
Oxygen, 642 
Ozone, 83 


P 


Paint, 

effect on radiators, 535 
spray booths, 300 

tem^ratures and humidities for processing, 735 
Partial pressures, Dalton's law of, 1 
Perspiration, 55, 58, 77, 79 
Petterson-Palmauist apparatus, 783 
Pilot thermostat, 282 
Pipe, piping, 623 
bare, heat loss from, 660 
bends, 585, b30 
capacities (see Pipe, Sttes) 
coll radiatois, 533 
conduit, 680 

connections, 686, 692, (see tUso Connections) 
copper, 624 

corrosion of, 642 _ 


fittings, 632, (see also Connecitons, Ftiltngs) 
for water supply, 650 
welding fittings, 038, 609 
llanges, 630, 669 
fle^ility of, 027 
friction, 
of air in, 365 
heads in, 607 
gaskets, 634 
hangers, 032 
heat loss from, 517, 669 
for hot water heating systems, 601, 019 
insulation of, 669 
joints, 685, 689 
leader, 412 
radiators, 533 


scale in, 642 

sizes, 

for boiler runouts, 588, 688 
for central fan systems, 593 
for convector connections. 502 
dimen^ons, 024, 627 
for district heating, 688 
for domestic hot water, 650 
^eets of variation of, 611 
elbow equivalents, 607 
equivalent length of run, 576 
fnction head, 608 
of onfices m umons, 612 
for Hartford return connection, 588 
for hot water heating systems, 606 
forced aiculation systems, 606 


gravity orculation systems, 613 
for indirect heating uruts, 596 
for pipe coil connections, 593 
for radiator connections, 590 
return, capacity of, 578 
steam, 572. 576, 577 
undermound, 687 
tables, 577, 627 


tees, 635 

for underground steam, 687 
for water supply, 649 
weights, 6^ 
steam, capacity of, 574 
for steam heating systems, 545, 571 
supports. 632 
sweating, 681 

systems, down-feed, 648, 549, 650, 652 
systems, up-feed, 546, 549, 652, 655 
tax, 453 

tees, dimensions of, 635 


Pipe (continued) 
threads, 631, 633 
tunnels. 691 
types of, 623 
underground, 
insulation of. 683 
steam, 687 
for umt heaters. 245 
up-feed systems, 546, 549, 552, 555 
valves. 638 
water supply, 045 
weights or, 624 
welding, 634 
Pitot tube, 780 

Plastenng materials, heat transmission through, 111 
Plenum, 
chamber, 795 

systems, automatic control of, 280 
Plumbing fixtures, 645 
Pneumatic control system, 278 
Pollution of air, 295 
Polyphase motors, 766 
Ponds, cooling, 227 
Pool, swimxmng, 666 
Positive acting control, 278 
Potassium permanganate. 228 
Potentiometer, 795 
Power, 795 

conversion equations, 801 

electnc, 724 

supply, 

railway air conditiomng, 406 
Precipitators, dust, 302 
Pressure, pressures, 
absolute, 787 


air, 

in heating umt, 172 
measurement of, 780 
atmosphenc, 777, 788 
for atomization, 222 
automatic controL 277 
barometric, 467, 777 
basic, 3 

conversion equations, 801 
drop, formula for, 688 
d 3 mamic, 791 
gage, 777, 792 
loss through ducts, 363 
measurement of, 777 
partial, Dalton’s law of, 1 
refngerating plant. 265 
of saturated vapor, 12 
static, 182, 796 
steam, 

m direct heating. 688 
drop, 648, 572, 677 
initial, 672 

m orifice systems, 569 
saturated, 28 

in sub-atmosphenc systems, 558 

,798 
798 
, 649 

Processing, 727 
cooling systems, 198 

industrial, temperatures and humidities for, 734 
of textiles, 729 
umt heaters, ^6 
Propeller fans, test code for, 320 
Pssrehrometer, 795 
sling, 782 


total, 797 
vapor, 31 
velocity, ' 
water. 27 


Psychrometrlc, 
chart, 25, 64, 65, 66, (back cover) 
for dryer, 746 
explanation, 26 
tests, 68 


Pump, pumps, 
orcuTating, 603 
condensauon return, 562 
heat. 50, 722 
vacuum. 562 
ratings of, 562 
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Pyrheliometer, 160 
Pyrometer, 779, 796 
mercunal, 779 
optical, 779 
radiation, 779 
thenno-electnc, 779 


0 


Quality, 
ot air, 73, 79 

A S H V B. ventilation standards, 81 
impaired by rearculation, 83 
•Quantity, 
of air, 

ASH V.E ventilation standards, 81 
blow by wind, 86 
measurement of, 780 
necessary for venUlation, 74. 79, 91, 189 
of cooling water, 226 


R 


Radiant heaters, 515 
Radiant heating, 705 
Radiation, 795 
by black body, 708 
equivalent direct, 150, 001, 706 
heat loss by, 65, 705 
by human body, 65, 76, 705 
load, 462 

with oil burners, 510 
by radiators, 533 
solar, 100 

effect on heat transmission, 100 
occlusion of, 297 
'through glass,, 03 
through walls, 102 
ultra-violet, 79 

Radiator, radiators, 533, 795 
ASH V.E code for, 641 
column, 789 

condensation rate in, 537 

connections, 590, 016 

control of, 279 

correction rating factors, 541 

effect of superheated steam, 535 

enclosed, 637 

gas-fired, 615 

heat emission of, 633, 540 

heating capacity of, 540 

heating enkt of, 536 

for hot water systems, 014 

output of. 534 

paint, effect of, 535 

panel, 794 

pipe coil, 533 

ratings of, 634 

selection, 540 

types of, 538 

wall, output, 534 

warm air, 504 

Railway air conditioning, 
air distnbution. 360, 899 
cooling, 401 

calculation of, load, 402 
capacity, 402 

internal combustion engine, 401 
mechanical compressor, 401 
methylene chlonde, 401 
costs, 407 * 

heating, 401 
humidity control, 406 
power supply, 406 
tractive resistance, 406 
temperature control, 405 
ventilation, 899 
Bam, as dust catcher. 804 
Rates, district heating, 7(k) 


Ratings, 

of air cleaning devices, 308 
of boilers, 448, 517 
for central fan conditioning, 193 
of concealed heaters, 5 10 
of fans, 324 
of furnaces, 437 
of gob-fired applianccH, 517 
of noises, 334 

of pressure reducing valves, 583 
of radiators, 534 
for unit air conditions s, 193 
of unit coolers, 255 
of unit heaters, 211 
of unit vcntlatois, 2.51 
ot vacuum pumps, 502 
Receivers, alternating, 508 
Refngemnta, 35, 208, 795 
codes for use of. 187, 259 
companson of, 42 
tables of, 30, iiS, 40. 11 
types oi, 208 
Refngerating, 
capaoty, 41, 203 
Rcfngcmting effect, 4 1 
Refrigerating plant, 223, 24 
compressor, 220 
operating metliods, 204 
size of, 204 

steam jet system, 205, 220 
Refrigeration, 
chamctenstics, 47 
curves, 40, 47 

coefficient of porformance, 42 
carnot cycle, 42 
compression mtio, 44 
control of, equipment, 293 
dehumidification by, 198 
efiiaency, 
cyde, 42 
ejector, 46 
mechanical, 44 
practical cycle, 42 
43 

reverse cyde, 50, 722 
limiting factors, 51 
systems, 

closed absorption, 48 
mechaxucal, 35 
open adsorption, 
liquid, 40 
sdid, 49 

steam ejector, 44 
vaiious types, 36 
theoretical mcdianlcul cycle, 37 
theoretical work per pound, 39 
ton day of, 707 
ton of. 42, 203,797 
unit of, 42, 203 
Regain, 
control of, 730 
of hygroscopic materials, 728 
Registers, 705, (res also Grittes) 
with gas-fired furnaces, 516 
with meclianical warm air furnace systems, 431 
sdection of, 416 
sizes, 416, 423 
velocity through, 435 
Reheaters, 89 

Relative humidity, 9, 705 
apparatus sensitive to, 277 
A,£h.V B. standard^ 81 
for banana ripenixm, 732 
in comfort zone, 08, 71 
relaUon of dew point to, 9 
control of, 277 
m industrial plants, 727 
of libraries. 736 
for processing, 734 
in public buUdingi, 71 
in residences, 588 
from water pans, 538 
Relays, 277 

Research residence, 423, 440 
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Residences, 
air distnbution in, 431 
conditioning units, 561 
control systems, 201 
humidification of, 430, 538 
oil burners for, 505 
conversion burners, 616 
stokers for, 600 
Resistance, 

of bright metaUic surfaces, 104 
of building materials, 107 
m ducts, 303 
of exhaust systems, 304 
of filters, 430 
of insulators, 107 
thermal, 707 
Resistor, 716, 719 
Restaurants, 
tobacco smoke in, 75 
water supply to, 607 
Return, 
dry, 701 

^^c,^^aty, 678 

Reverse cycle of refrigeration, 50, 722 
Reynolds number, 468 
Ringelmann chart, 784 
Rock wool insulation, 678 
Roof, roofs, 

coefficients of tmnsmission of, 124 
conductivities of. 111 
solar radiation on. 160, 161 
ventilator, 88, 706 

Room absorption correction charts, 357 
Room control, 270 


S 


Salts in ooohng water, 223 
Saturation, fiber point, 743 
Scale, 

in boilers, 460 
Centigrade, 778 
on eQuipment, 223 
Fahrenheit, 778 
m pipe, 042 
Reaumur, 778 
School, schools, 
air flow necessary in, 92 
optimum air conditions. 66 
stokers smtable for, 504 
temperature of, in winter, 144 
ventilation in, 69 
Scrubbers, 303, 309 
air, 217 

Self-contained control system, 278 
Sensible heat, 195 
of air, 12 
loss, 76 
of water, 31 

Series wound motor. 761 
Settling chamber, 302 
Sheet metal, for ducts, 380, 391 
Shingles, air leakage through, 133 
Shunt wound motor, 761 
SiUca gel, 

regain of moisture of, 728 
system of adsorption, 190 
Silicosis, 208 
Single phase motor, 764 
Sizes of pipe (set Ptptt Sms) 
Skylights, 88, 127 
Sling psychrometer, 782 
Smoke, 296, 705 
abatement of, 299 
measurement of, 784 
recorders, 784 
tobacco, 76 
Solar heat, 160 
Solenoid valves, 277 


Sound, 333 

absorption coefficients. 329 
control, 333 
duct hmng factor, 342 
effect on duct design, 367 
effect on humidity on, 338 
effect of temperature on, 338 
insulation of, 330 
intensity, 325 
measurement of, 326 
in steam heating systems, 673 
Speafic density, 3 
Speafic gravity, 2, 796 
of fuel gas, 466 
Specific heat, 3, 796 
of air, 5 

mean, of water vapor, 3 
of water, 31 
Speafic humidity, 8 
Speafic volume, 3, 796 
of saturated steam, 31 
Split phase motor, 765 
Split system, 796 
air conditiomng equipment, 249 
automatic control of, 281 
central fan, 169 
Spray, 

booths for painting, 390 
cooling, 
ponds, 227 
effiaency of. 227 
towers, 228 
distribution of, 221 
generation of, 221 
humidifiers, 222 

type of central station system, 186 
water coolers, 211 
Square foot of heating surface, 706 
Stack, stacks, 89, 411 
effect, 86 
height, 796 
size ot. 91, 414, 423 
system with registers, 89 
wall, 414 


Stairways, 139 
Standards, 

air conditioning, 55, 81 
A S H V E codes and standards, 81 
for pipe, 625 

for ventilating industrial plants, 208 
for welding, 636 
Steam, 402, 796 
coils, 256 

condensing rates, 536 
consumption for buildings, 526 
flow, Babcock’s formula, 571 
heat content of, 23 
as heat source, 719 
heatlnil systems, 546, 796 
air-vent, 545, 549, 579. 580 < 
atmosphenc, 553, 583, 501 
classihcation, 545 
condensation return pumps, 562 
connections (see Connectums^ FUttngs) 
corrosion of, 642 


design of, 545, 571 
dirt pockets, 598 
district heating, 687 
dnpping of, 598 
electnc, 719 

equivalent length of run, 575 
gravity systems, 645 
one-pipe, 645, M9, 579, 591 
two-p^, 549, 580, 591 
with highrpressure steam, 583 
mechanical, 545 
orifice, 559. 573, 583. 591 
pipe, 571, (see alsoPtpe) 
capaaty, 574. 576 
sizes, 673, 576 
pressure drop in, 648, 568 
sub-atmosphenc, 557, 564, 573, 583, 591 
types of, 545 

vacuum, 554, 668, 566, 682 


xix 




American Society 0 / Heating and Ventilating Engineers Guide, 1937 


Steam (caniwusd) 
heatlnil systems 
vapor, 573, 591 
one-pipe, 550 
two-pipe, 551. 552, 581 
water hammer in, 673 
zone control, 560 
high pressure, 583 
jet apparatus, 205 
meters for, 696 
pressure, ^3 
properties of, 28 

requirements of buildings, 522, 699 
saturated, properties of, 31 
savings in use of, 093 
tables, 8, 28 
trap, 700 
underground, 687 
in umt heaters, 240 
Stokers, 

apartment House, 502 
automatic control of, 291, 433 
commeraal, 504 
design of, 407 
economy of, 497 
household, 500 
mechamcal, 407 
operating requirements, 501 
overfeed flat grate. 497 
overfeed inclined grate, 498 
heating boilers, setting heights, 505 
types of, 446, 497 
underfeed rear cleaning, 499 
underfeed side deamng, 498 
Storage, 

of hot water, 660, 664 
temperatures and humidities for, 734 
Storm sash, 135 

Sub-atmosphenc systems, 657, 664, 573, 583, 591 
Suction, 

static in exhaust systems. 385 
Summer, 

care of heating boilers, 460 
comfort zone,^, 70 
conditioning, apparatus for, 185 
desixable indoor conditions in, 71, 76 
temperatures, 158 
wind velocities and directions, 158 
Sun, 

diurnal movement of, 100 
effect on heating requirements, 560 
factor of cooling load, 164 
Supply outlets, 
sele^on of, 358 
types of, 359 
Suztace, 
cooling, 187 
equipment, 193 
air conditioning, 187 
ratings, 193 
extended, 

gravit:^lndiFect heating systems, 542 
heating, 798 
square foot of, 796 
radiant heating, 709 
Swimming pool, 666 
Symbols, 
for drawings, 804 

for heat transmission formulae, 100 
Synchronous motor, 769 
Synthetic air clmrt, 797 



Tank, t utybi, 

for domestic water supply, 652 
expansion, 617 
flush, 652 

Tees, dimentions of, 685 
Temnecatuitt, 
absolute, 778 

of air leavum inlets, 189, 349 
ammonia, 225 


Temperature (contmued) 
apparatus sensitive to, 275, 778 
atmosphenc, 407 
for bananas, 732 
of bams, 95 

base, for degreo-day, 626 
t^c, 3 

body, 67, 58, 700 

changes, effect on human beings, 59 
of chimney gases, 407 
in aties, 148, 158, 524 
of aty water mam, maximum, 190 
control of, 276, 511, 723 
railway air conditioning, 405 
of cooling water, 224 
dew-point, 3, 790 
difference, 

between floor and ceiling, 140, 5;)6 
desired, dctermimition of, 01 
m stacim and leaders, 89, 412 
dry-bulb, 2. 82 
maximum design, 158 
speafied in winter, 144 
effect on moisture regain, 720 
effect on sound, 342 
efloctlve, 82, 145, 105, 701 
A S.H.VE. standards. 81 
chart, 64. 65, 06 
for maximum comfort, 03, 707 
optimum, 60 
scale, 63, 82 
final, 172 
of gas flame, 494 
for greenhouses, 737 
m industrial plants, 727 
in industrial processing, 733, 734 
inside, 67. 145, 174 
surfaces, 708 
low, insulation for, 072 
of mean interior surface, 708 
mean radiant, 705, 708 
measurement of, 05, 275, 778 
m occupied space, 71, 70 
outside, 140, 158 
radiationrconvcctlon, 711 
range of cooling eiiulpment, 225 
records of dties, MS, 150 
at registers, 412, 418, 543 
room, 10, 523, 779 
sensations, 01 
surface, 
of man, 706 

mean Interior, 708 - 

systems for control of, 275» 511t 723 
thermo-equivalent conditions. 63 
value used in calculttrions, 137, 174 
water 'main, maximum, 190 
wet-bulb, 11. 783, 798 
average, 225 
design, 158, 207 
as index of air distribution, 76 
inaximum, 225 
Terminology, 787 < 

Test methoS, 777 
Textile, textiles, 
fibers, 

regain of moisture, 727 
wea^xig of, 731 

temperatures and humidities for processing, 734 
testing, standard atmosphere for, 731 
Theaters, tempemturei of, 71, 144 
Therm, 797 
Thermocouples, 778 
Tbermodyxiunics, 797 
of air conditioning, 1 
laws of, 794 

Thermo-equivalent conditions, 63 
Thennometer, 
duct, 779 
slobe, 711 
Kata, 782 
mercurial, 778 
recording, 780 
rtilBtanpe,779 
Thermopile, 779 
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Thermostat, thermostats. 797 
differcnual, 10, 275 
with gas-Ered furnaces. 514 
immersion, 276 
inaersion, 276 
location of, 433 
with oil burners, 511 
pilot, 282 

with radiant heaters. 723 
room, 276 
surface, 270 
types of, 89, 249, 276 
Tobacco smoke, 75 
Ton of refngeration, 42, 203, 707 
Ton-day of refngeration, 797 
Towers, cooling, 200, 209, 228, 230 
atmospheric, 230 
mechamcal draft, 230 
natural draft, 220 
spray, 228 
Traps, 

dust catchers, 302 


return, automatic, 56$ 
with et^m heating systems, 551, 565 
types of, 565 
Tube, 

Bourdon, 777 
Pitot, 780 

shell and tube heat exchanger, 211 
Tubing, copper or brass, 633 
Tunnels, for steam pipe, 091 
Turbines, with unit heaters. 246 
Two-pipe steam heating sy^ms, 
gravity air-vent 540, 580, 591 
down-feed, 550 
up-feed, 549 
vapor. 561, 581 
downrfeed. 652 


Ultra-violet light, 79, 297 
Underwriters* loop. 548, 588 
Unit air conditioners, 235, 236, 256, 797 
accessory appaiatus, 236 
advantages, 236 
air distribution. 261 
dassiEcation, 230 
cooling, 258 

construction of apparatus, 202 

costs, 270 

design of, 262 

filtering, 259 

functions of, 285 

heating, 256 

humldilying, 257 

location of, 260 

ratings of, 208 

required capaaty of, 269 

types of, 236 

uses of, 236 

ventilation. 260 

Unit conditioning systems, 236, (see Untt Atr Cos- 
diftoners) 

Unit coolers, 235 
control of, 287 
design of, 264 
ratings of, 255 
Untt equipment, 235 
advantages. 235 
controls, 273, 286 
miscellaneous, 271 
Unit heaters, 235, 797 
air temperatures, 240 
blow^through type, capacity of, 242 
boiler capacity, 244 
control of, 287 
design of, 237 
direction of discharge, 244 

capacity of, 248 

estlma^ng h’eat losses, 240 


Unit heaters (corutnued) 
heating medium, 239 
industrial uses, 246 
output of, 241 
piping connections, 245 
quietness, 245 
ratings of, 241 
types of, 237, 718 
used in industry, 246 
Umt ventilators, 235, 237, 247 
capaaty of, 251 
control of, 248, 288 
design, of, 247 
ratings of, 251 
vents, 250 

Unwin pressure drop formula, 688 
Up-feed piping systems, 546, 549, 550, 556, 798 


V 


Vacuum pumps, 562 
Vacuum refngeration, 44, 205 
Vacuum system of steam heating, 554, 563, 566, 
582.798 

Valve, valves, 638 
apparatus which operates, 275 
on boilers, 458, 586 
control, 277 

with steam heating systems, 585, 638 
with high pressure steam, 583 
pressure-rrauang, 584 
ratings of, 583 
for radiators, 547, 551 
roughing-m dimensions. 641 
solenoid, 277 

sub-atmosphenc system, 557 
on traps, 566 
types of, 638 
for water supply, 650 
Vapor, 798 
mixture with air, 12 
pressure, 12 

steam heaUng systems, 550, 798 
water, 5, 10, 12 
weight of saturated, 12 
Varymg speed motor, 769 
Vegetables, temperatures for greenhouses, 737 
Velocity, 
air, 

A.S H.V B ventilation standards, 81 
In ducts of buildings, 369, 379 
in exhaust systems. 385, 392 
through heating umts, 172 
measurement of, 780 
through mechamcal draft towers, 230 
through opemngs, 94 
sound effect of. 379 
chimney gas, 471 
draft loss, 476 
contours, 387 
m ducts, 780 
of fans. 327 
head, of fluids. 363 
steam, 

through an onfice, 583 
in underground pipes, 687 
water, in pipes, 60$ 
wind, 

choosing, 186 
measurement of, 94 
on natural draft equipment, 230 
in natural ventilation, 85 
Vent, vents, 

m gas-firM steam or vapor systems, 518 

on traps, 566 

in unit ventilators, 250 

Ventilation, 55, 798, (see also Avr, Distribution) 
A.S.H.V.B staiidajxls, 81. 807 
of barns, 95 
of gara^, 96 
pi^hATiir^l , 79 
with rod ventilators, 89 
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Ventilation (conitnued) 
natural, 79 
advantages of, 79 
air changes per hour, 137 
control of, 89 
disadvantages of, 79 
eneral rules for, 93 
eat to be removed by, 01 
requirements for, 79 
openings, 
doors, 87 

formula to determine size of, 85 
location of, 91 
skylights, 87 
types of, 86 
windows, 87 
for public buildings, 371 
purpose of, 01 

quantity of air necessary for. 74, 543 
railway air conditiomng, 309 
by registers, 89 
for schools, 74 
by stacks, 89 
standards, 81, 807 
symbols, 804 
Ventilator, ventilators, 
resistance of, 88 
roof, 88, 795 

unit, 235, (see also Umi Venitlators) 
Ventun chimney, 464 
Vitiation of air, 65 
Volume, 

of air and saturated vapor, 12 
conversion equations, 801 
furnace, 792 
specific, 3 

of saturated steam, 28 
of water, 27 



Wall, walls, 
air leakage through, 132 
of chimneys, 479 
fire, 391 

heat transmission coeffiaents for, 99, 100, 107. 

114, 116, 118 
radiators, output, 534 
solar radiation on, 100, 161 
time lag through, 162 
Warm air heating systems, 798 
gas-fired furnaces for, 514 
gravity, 411 
mechanical, 427 
Washers, air. 217, 430, 788 
capaaty of, 220 
types of, 217 
Water, 38 
boiling point of, 27 
circulating, temperature of, 224, 679 
from aty mama, 196, 200 
cooUng, 

equipment, 223 
quantity, 193, 224 
temperature, 224 
composition of, 27 
density of, 27 
domestic supply, 545 
evaporation of, 232 
factor of usage, 647 
flow from fixtures, 646 
freezing, 670 

friction losses through pipes, 653 

hammer, 573 

heaters, 171, 661 

beating, 645 

hot, 

dpmtttic 661 

demand for, 665 
electnc heating of, 720 


Water (coTtltnued) 
hot, 

domestic supply 
pipe 81 /ea lor, 650 
storage of, 664 

heating systems, 601, (w alio Hot irti/rr ItcaU 
mg Systems) 
inches of water, 793 
line, 

m boilers, 468, 450, ri't.'i 
in water supply systems, 052 
make-up, 232 
meters, disc. 051 
pans, for humidificatton, 538 
pressures, 27 
properties of, 27 
repmeement of, 232 
supply piping, 0*15 
temperature, maximum mam, lOil 
thermal properties oi, 27 
vapor, 5, 10, 12 

given off in combustion oi gai, 493 
heat content, 12, 23 
mean specihc heat of, 3 
weight of saturated, 12 
Weather Bureau records, 
temperature, 148, 158 
wind, 148, 158 
Weatherstripping, 130 
Weight, 
of air, 0 

conversion equations, 801 
of steam, 28 
of vapor, 12 
of water, 27 
Welding, 623, 63 1 
neck flanges, 030, 040 

Wet-bulb tempomturo (see Tmpmture, ]Vtt^bulb) 

Wet return, 798 

Wind, 

in cities, 148, 158 

effect on heating requirements, 117 
forces In natural ventilation, 85, 01, 131 
prevailing, direction of, 137, 358 
records of velocity and direction, 148, 158 
velocity on natural draft equipment, 230 
avomge, 85, 137, 147, 158 
equivalent, in tall buildings, 138 
used in calculations, 137 
Window, windows, 87, 80 
air leakage througli, 130 
clearance of sash, 134 
cooffidenU of imnsmissltm of, 127 
comparison of various shades for, 103 
crack, 134 

measurement of, 134 
solar radiation through, 103 
storm sash, 135 
Winter, 

comfort zone, 07, 08 
conditioning, apparatus for, IHC 
cooling in, 157 
humidiflcation In, 187, 538 
relative humidity in, 00, 72 
temperatures, 148 
wind velocities and directions, 148 
Wood, woods, 

air speed for conveying, 302 
heat transmlsiion coelfldents of, 112 


Z 

Zero, absolute, 787 
Zone, soning, 

for air conditioning systems, 18H 
automatic control, 280 
comfort, 67, 68, 70, 789 
average, 68 
extreme, 68 

control of steam heating systems, 560 
for cooling of buildings, 104 
for large heating lyst^, 619 
neutral, 795 

water supply systems, 045 
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Chapter 1 

AIR. WATER AND STEAM 

Dalton^s Law, Temperatures, Air Properties, Humidity, Relative 
Humidity, Specific Humidity, Relation of Dew Point to Relative 
Humidity, Adiabatic Saturation of Air, Total Heat and Heat 
Content, Enthalpy, Psychrometric Chart, Properties of Water, 
Properties of Steam, Rate of Evaporation 

A ir conditioning has for its objective the supplying and maintaining, 
in a room or other enclosure, of an atmosphere having a composition, 
temperature, humidity, and motion which will produce desired effects 
upon the occupants of the room or upon materials stored or handled in it. 

Dry air is a mechanical mixture of gases composed, in percentage of 
volume, as follows^- nitrogen 78.03, oxygen 20.99, argon 0.94, -carbon 
dioxide 0.03, and small amounts of hydrogen and other gases. 

Atmospheric air at sea level is given in percentage by volume as: Na 
77.08, Oa 20.75, water vapor 1.2, A 0.93, COa 0.03 and Ha 0 01. The 
amount of water vapor varies greatly under different conditions and is 
frequently one of the most important constituents since it affects bodily 
comfort and greatly affects all kinds of hygroscopic materials. 

DALTON^S LAW 

A mixture of dry gases and water vapor, such as atmospheric air, obeys 
Dalton’s Law of Partial Pressures; each gas or vapor in a mixture, at a 
given temperature, contributes to the observed pressure the same amount 
that it would have exerted by itself at the same temperature had no other 
gas or vapor been present. If = the observed pressure of the mixture 

^Iniernaiumal Critical Tables, 
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and pi, p 2 , p 3 , etc. = the pressure of the gases or vapors corresponding to 
the observed temperature, then 

P ^ pi p 2 Pit etc (1) 


TEMPEEIATURES 

Air is said to be saturated at a given temperature when the water vapor 
mixed with the air is in the dry saturated condition or, what is llic equiva- 
lent, when the space occupied by the mixture holds the maximum [los- 
sible weight of water vapor at that temperature. If the water vapor 
mixed with the dry air is superheated, i.e., if its temperature is above the 
temperature of saturation for the actual water vapor partial pressure, the 
air is not saturated. 

The starting point of most applications of thermodynamic principles to 
air conditioning problems is the expenmental determination of the dry- 
bulb and wet-bulb temperatures, and sometimes the barometric pressure. 

The dry-bulb temperature of the air is the temperature indicated by any 
type of thermometer not affected by the water vapor content or relative 
humidity of the air. The wet-bulb temperature is determined by a thermo- 
meter with its bulb encased in a fine mesh fabric bag moistened with clean 
water and whirled through the air until the thermometer assumes a 
steady temperature. This steady temperature is the result of a dynamic 
equilibrium between the rate at which heat is transferred from the air to 
the water on the bulb and the rate at which this heat is utilized in evapora- 
ting moisture from the bulb. The rate at which heat is Iransforrod from 
the air to the water is substantially proportional to the wet-bulb depres- 
sion {t — f*), while the rate of heat utilization in evaporation is propor- 
tional to the difference between the saturation pressure of the water at 
the wet-bulb temperature and the actual partial pressure of the water 
vapor in the air (g* — e). Carrier's equation for tliis dynamic equilibrium 
is 

g* 

/ - i' " 2800 - 


In the form commonly used, 


where 


(B - g>) (/ - /f) 
2800 - 1.3*' ' 


(2b) 


e *= actual partial pressure of water vapor in the air, inches of mercury. 
«' » saturation pressure at wet-bulb temperature, inches of mercury. 

B « barometric pressure, inches of mercury 
* * dry-bulb temperature, degrees Fahrenheit. 

*' « wet-bulb temperature, degrees Fahrenheit 


Formula 2b may be used to determine the actual partial pressure of the 
water vapor in a dry air-water vapor mixture. Then, from Dalton’s Law 
of Partial Pressures, Equation 1, it follows that the partial pressure of the 
dry air is (J5 — e). 

If a mixture of dry air and water vapor, initially unsaturated, be cooled 
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at constant pressure, the temperature at which condensation of the water 
vapor begins is called the dew-point temperature. Clearly the dew-point 
is the saturation temperature corresponding to the actual partial pressure, 
e, of the water vapor in the mixture. 

Am PROPERTIES 

Density is variously defined as the mass per unit of volume, the weight 
per unit of volume, or the ratio of the mass, or weight, of a given volume 
of a substance to the mass, or weight, of an equal volume of some other 
substance such as water or air under standard conditions of temperature 
and pressure. The term specific gravity ^ is more commonly used to express 
the latter relation but, when the gram is ^ken as the unit of mass and the 
cubic centimeter as the unit of volume, density and specific gravity have 
the same meaning. The term specific density is sometimes used to dis- 
tinguish the weight in pounds per cubic foot; and as here used, density is 
the weight in pounds of one cubic foot of a substance. 

The density of air decreases with increase in temperature when under 
constant pressure. The density of dry air at 70 F and under standard 
atmospheric pressure (29.921 in. of Hg) is approximately 0.075 lb (see 
Table 1), while that of a mixture of air and saturated water vapor at the 
same temperature and barometric pressure is only about 0.0742 lb. In 
the mixture the density of the dry air is 0.07307 and that of the vapor is 
0.00115 lb (see Table 2). 

In order to make comparisons of air volumes or velocities it is necessary 
to reduce the observations to a common pressure and temperature^ basis. 
The basic pressure is usually taken as 29.921 in. of Hg, but no basic tem- 
perature is universally recognized. Common temperatures for this 
purpose are 32 F, 60 F, 68 F, and 70 F. Since 70 F is the most commonly 
specified temperature to which rooms for human occupancy must be 
heated, it is usually understood, when no other temperature is specified, 
that 70 F is the basic temperature for measuring the volume or the 
velocity of air in heating and ventilating work. 

The specific volume of air is the volume in cubic feet occupied by one 
pound of the air. Under constant pressure the specific volume varies 
inversely as the density and directly as the absolute temperature. 

The specific heat of air is the number of Btu required to raise the tem- 
perature of 1 lb of air 1 F. Distinction should always be made between 
the instantaneous specific heat at any existent temperature and the mean 
specific heat, which is the average specific heat through a given tempera- 
ture range. The mean specific heat is the vadue required in most calcu- 
lations. The specific heats at constant pressure, Cp, and the specific 
heats, Cv, at constant volume are different. The specific heat at constant 
pressure is commonly used and it vari^, under a pressure of one atmos- 
phere, from a minimum at 32 F from which it increases with either increase 
or decrease of temperature. The value of 0.24, as the mean specific heat 
at constant pressure, is sufficiently accurate for use at ordinary tem- 
peratures. Values for instantaneous and mean specific heats are given 
in Table 3. 

The mean specific heat of water vapor at constant pressure is taken as 
0,45 for all general engineering computations. 
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Table 1 Properties of Dry Air^^ 


Baromctiic Pressure 20 021 In of Hg 


THMPBBATUaB 

DbgF 

Wbioiit Pounds 

PHtt Cu Ft 

Ratio op 

VOLITMM TO 
VoiiUMh AT 70 F 

Rtu AdBOIUIVI) hy 
()n» (hi rh* Dky 

Aiu PKU [)wu F 

(hi T'>p Dut 

A III WAKMnn 
OVM I)N(1 
PKU Rtu 

0 

0 08633 

0.8678 

0 02077 

48.15 

10 

0 08449 

0 8867 

0 02030 

49.26 

20 

0 08273 

0 9056 

0 01986 

50.35 

30 

0 08104 

0 9245 

0 01944 

51.41 

40 

0 07942 

0 9433 

0 01905 

52.49 

50 

0 07785 

0 9624 

0 01868 

S3. 36 

60 

0 07636 

0 9811 

0 01832 

54.44 

70 

0 07492 

1 0000 

0 01798 

55 62 

80 

0 07353 

1 0189 

0.01765 

56.66 

90 

0 07219 

1 0378 

0 0173s^ 

57.70 

100 

0 07090 

1 0567 

0 01702 

58 75 

110 

0 06966 

1 0755 

0.01672 

59.81 

120 

0 06845 

1 0946 

0.0U)43 

00. 80 

130 

0 06729 

1 1133 

0.01616 

61.88 

140 

0 06617 

1 1322 

0 01589 

62.93 

ISO 

0 06509 

I.ISIO 

0.01563 

63 98 

160 

0 06403 

1 1701 

0 01538 

65.02 

180 

0 06203 

1 2078 

0.01*190 

67.11 

200 

0 06015 

1,2456 

OOH46 

69.24 

220 

0 05838 

1 2832 

0 01403 

71.27 

240 

0 05671 

1.3211 

0.0136^ 

73.31 

260 

0,05514 

1.3587 

0 01326 

75.41 

280 

0 05365 

1.3965 

0 01291 

77.46 

300 

0 05223 

IMU 

0.01257 

79.55 

350 

0 04901 

1.5287 

0.01181 

84.67 

400 

0 04615 

1.6234 

0.01114 

89.67 

450 

0 04362 

1 7176 

0.01054 

94.87 

500 

0 04135 

1.8119 

0 01001 

<>9.01 

550 

0 03930 

1.9064 

0.00953 

104.93 

600 

0 03744 

2.0011 

0 00908 

110.13 

700 

0.03422 

2.1893 

0.00833 

120.05 

800 

0 03150 

2.3784 

0.00769 

130.04 

900 

0 02911 

2 5737 

0.00713 

140 25 

1000 

0.02718 

2 7564 

0 00668 

149.70 


^Compiled by W H Sevema, on the instantaneous speahe heats of air. The values for 
ano tor the cubic feet 'warmed one degree are for the temperatures stated and are not tiue over a 
ture range of more than one degree above or below the temperatures stated. 


tlu* heats 
temp<*ra- 


4 





Chapter 1 — Air, Water and Steam 


Table 2 Properties of Saturated Air^ 

Weights of Air, Vapor and Saturated Mixture of Air and Vapor at 29 921 In of Hg 


Tbmp 

DboP 

WuiGUT IN A Cubic Foot of Mixttthb 

Btu 

Absobbiid 

BT OnB 

Cubic 

Foot 

Sat Ais 

PBB Dbg F 

Cubic 

Fhbt 

Sat Ant 
Wabubd 
Onb Dbg 
pbbBtu 

Spbcifio 
Heat Btu 

PBB Pound 

OF 

Mixtubb 

Weight of 

Diy Air 
Pounds 

Weight of 
Vapor 
Pounds 

Total Weight 
of Mixture 
Pounds 

0 

0 08622 

0 000068 

0 08629 

0 02078 

48 12 

0 2408 

10 

0 08431 

0 OOOlll 

0 08442 

0 02031 

49 24 

0 2406 

20 

0 08244 

0.000177 

0 08262 

0 01987 

SO 33 

0 2405 

30 

0 08060 

0.000278 

0 08088 

0.01946 

51 39 

0 2406 

40 

0 07876 

0.000409 

0 07917 

0 01908 

52.41 

0 2410 

50 

0 07692 

0 000587 

0 077S1 

0 01872 

53 42 

0 2415 

60 

0 07503 

0 000828 

0 07586 

0.01838 

54 41 

0.2423 

70 

0.07307 

0 001151 

0 07422 

0 01805 

55.40 

0 2432 

80 

0 07099 

0 001S78 

0 07257 

0 01775 

56 34 

0 2446 

90 

0.06877 

0 002134 

0 07090 

0 01747 

57.24 

0 2464 

100 

0 06634 

0 002851 

0 06919 

0 01721 

58 11 

0.2487 

110 

0 06361 

0.003762 

0 06737 

0 01696 

58 96 

0.2517 

120 

0 06057 

0 004912 

0 06548 

0 01675 

59.70 

0 2558 

130 

0.05712 

0 006344 

0 06346 

0 01657 

60.35 

0.2611 

140 

0.05317 

0 008116 

0 06129 

0 01642 

60 91 

0.2679 

ISO 

0 04863 

0 010284 

0 05891 

0 01630 

61.35 

0.2767 

160 

0.04339 

0 012919 

0 05631 

0 01624 

61 58 

0.2884 

170 

0 03733 

0 016092 

0 05342 

0 01621 

61 69 

0.303*1 

180 

0 03033 

0 019888 

0 05022 

0 01624 

i 61 58 

0 3234 

190 

0 02228 

0 024384 

0 04666 

0 01633 

61 24 

0 3500 

200 

0.01298 

0 029700 

0 04268 

0 01649 

60 64 

0 3864 

210 

0.00230 

0 035932 

0 03616 

0 01672 

59 81 

0 4624 

212 

0 00000 

0 037286 

0 03729 

0 01818 

55.01 

0 4875 


^Compiled by W. H Sevems, tiased on the instantaneous speafic heats of air. 


Table 3 Specific Heats of Dry Air® 

Constant Barometne Pressure of 29 921 In of Hg 


Tbupiikatubb 

Dbg F 

Inbtantanbous 

OB Trub 

Spbcifio Hbat 

Tbupbbaturb 

Rangb 
[ DbgF 

Mban 

Spbcifio 

Hbat 

o 

1 

0 2520 

32 to 212 

0 2401 

-108.4 

0.2430 

32 to 392 

0.2411 

32.0 

0 2399 

32 to 752 

0 2420 

212.0 

0 2403 

32 to 1112 

0.2430 

392 0 

0 2413 



7.S2 0 

0 2430 



1112.0 

0 2470 





•Complied by W H Sevems, baaed on data given in the International Critical Tables, 
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Table 4. Weights of Saturated and Partly Saturated Air for Various Barometric and Hygrometric CoNDiTioNsa.b 

Pounds per Cubic Foot 
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Table 4 is intended to aid in determining the density of moist air, 
taking into account its temperature, pressure, and moisture content. 

Example 1 To show the use of Table 4 Given air at 83 F dry-bulb and 68 F wet- 
bulb (or a depression of 15 deg) with a barometric pressure of 29 40 in of mercury. 
What will be the weight of this air in pounds per cubic foot? 

SoluHon. From Table 4 the weight of saturated air at 80 F and 29 00 in barometer is 
found to be 0 07034 lb per cubic foot There is a decrease of 0.00015 lb per d^ree dry- 
bulb temperature above 80 F. There is an increase of 0 00025 lb for each 0.1 in above 
29.00 in From the last column of Table 4 it is found that there is an increase of approxi- 
mately 0.000035 lb per degree wet-bulb depression when the dry-bulb is 83 F. Tabu- 
lating the items: 

0.07034 “ weight of saturated air at 80 F and 29 00 bar 

— 0.00045 = decrement for 3 d^ dry-bulb, 3 X 0 00015. 

+ 0.00100 “ increment for 0.4 in. bar , 4 X 0.00025. 

‘ + 0.00053 = increment for 15 deg wet-bulb depression, 15 X 0.000035. 

0 07142 = weight in pounds per cubic foot of air at 83 F dry-bulb, 68 F wet-bulb, 
29.40 in oar. 


It is usual to assume that dry air, moist air, and the water vapor in the 
air follow the laws of perfect gases. This assumption while not absolutely 
true, especially with saturated vapor at temperatures much above 140 F, 
is suffiaently accurate for practical purposes and it greatly simplifies 
computations. 

Boyle's Law refers to the relation between the pressure and volume of a 
gas, and may be stated as follows : WUh temperature constant^ the volume of 
a given weight of gas varies inversely as its absolute pressure. Hence, if 
Pj and P 2 represent the initial and final absolute pressures, and Vi and 
V 2 represent corresponding volumes of the same msiss, say one pound of 
V P 

gas, then W = or Pi Fi = P 2 F 2 , but since Pi Vi for any given case is 
V2 Jri 

a definite constant quantity, it follows that the product of the absolute 
pressure and volume of a gas is a constant, or PV = C, when T is kept 
constant. Any change in the pressure and volume of a gas at constant 
temperature is called an isothermal change. 


Charles' Law refers to the relation among pressure, volume, and tem- 
perature of a gas and may be stated as follows The volume of a given 
weight of gas varies directly as the absolute temperature at constant pressure, 
and the pressure varies directly as the absolute temperature at constant 
volume. Hence, when heat is added at constant volume, Fc, the resulting 


equation is"^ == tf, or, for the same temperature range at constant pres- 
Jri i 1 


sure. Pc, the relation is 


V2_T2 
Fi Pi* 


In general, for any weight of gas, W, since volume is proportional to 
weight, the relation among P, F, and T is 


where 


PV = WRT 


^ 3 ) 


P a the absolute pressure of the gas, pounds per square foot. 
V — the volume of the weight W, cubic feet. 
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W = the weight of the gaa, pounds 

J? = a constant depending on the nature of the gas. The average value of R for air 
is 53.34. 

T » the absolute temperature, d^ees Fahrenheit. 

This is the characteristic equation for a perfect gas, and while no gases 
aie perfect in this sense, they conform so nearly that Equation 3 will 
apply to most engineering computations. 

HOMTOITY 

Humidity is the water vapor mixed with dry air in the atmosphere. 
Absolute humtdtty has a multiplicity of meanings, but usually the term 
refers to the weight of water vapor per unit volume of space occupied, 
expressed in grains or pounds per cubic foot. With this meaning, absolute 
humidity is nothing but the actual density of the water vapor in the 
mixture and might better be so called. A study of Keenan's Steam 
Tables® indicates that water vapor, either saturated or sutwr-heuted, at 
partial pressures lower than 4 in. of mercury may be treated as a gas with 
a gas constant R of 1.21 in the characteristic equation of the gas pV = 
wR (t + 460). Within such limits, the density (d) of water vapor is 

^ “ T" “ 1 21 (I + 460) P®^ 

“ (grains per cubic foot) (4b) 

where 

e =» actual partial pressure of vapor, inches of mercury 

t = dry-bulb temperature, degrees Fahrenheit. 

Specific Humidity 

It simplifies many problems which deal with mi.xturcs of dry air and 
water vapor to express the weight or the mass of the vapor in terms of the 
weight or the mass of dry air. If the weight of the water vapor in a 
mixture be divided by the weight of the dry air, and the weight of dry air 
be made unity, we have an expression of the weight of water vapor carried 
by a unit weight of dry air. This relation has no generally accepted name. 
It has been variously called: mixing ratio, projwrlionate humidity, mass 
or density ratio, absolute humidity, and specific humidity. Of all these 
terms specific humidaiy is the most suggestive of the meaning which it is 
desired to express and it has found considerable use in this sense oven 
though it is defined in International Critical Tables as the ratio of the 
mass of vapor to the total mass. It will be understooil here that specific 
hmmMty refers to the weight of water vapor carried by one pound of 
dry air. 

The gas constant for dry when the partial pressure of the air is 
expressed in inches of Hg, is 0.753; so that the specific humidity, if 
represented by W, is 


•Pubhshfid by Amertaan Soculy of Mtchanteal Enutuers, SM abstract in Table 8. 
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w * f 

1.21 (i + 460) ■ 0.763 « + 460) 

=* 0.622 (pounds) 

= 4364 (grains) 

where 

e = actual partial pressure of vapor, inches of mercury. 

B = total pressure of mixture (barometric pressure), inches of mercury. 


(5a) 

(6b) 


Relative Humidity 

Relative humidity ($) is either the ratio of the actual partial pressure, 
e^ of the water vapor in the air to the saturation pressure, at the dry- 
bulb temperature, or the ratio of the actual density, <i, of the vapor to 
the density of saturated vapor, dt, at the dry-bulb temperature. That is: 


The relative humidity of a given mixture at a'given temperature is not 
the same as^ the specific humidity, TF, of the mixture divided by the 
specific humidity, of saturated vapor at the same temperature, for 
from Equations 5a and 6 

The specific humidity of an unsaturated air-vapor mixture cannot, 
therefore, be accurately found by multiplying the specific humidity of 
saturated vapor by its relative humidity; although the error is usually 
small especially when the relative humidity is high. 

With a relative humidity of 100 per cent, the dry-bulb, wet-bulb, and 
dew-point temperatures are equal. With a relative humidity less than 
100 per cent, the dry-bulb excels the wet-bulb, and the wet-bulb exceeds 
the dew-point temperature. 


RELATION OF DEW POINT TO RELATIVE HUMIDITY 

A peculiar relationship exists between the dew point and the relative 
humidity and this is found most useful in air conditioning work. This 
relationship is, that for a fixed relative humidity there is substantially a 
constant difference between the dew point and the dry-bulb temperature 
over a considerable temperature range. Table 5, giving the dry-bulb and 
dew-point temperatures and the dew-point differentials for 60 per cent 
relative humidity, illustrates this relationship clearly. 


Table 6. Temperatures for 60 Per Cent Relative Humidity 


Dry-bulb ___ . 

66.0 

70.0 

76.0 



90.0 


Dew-point temperature. 

46.8 



69.76 

64.25 

68 75 

Difference between dew-pomt and dry- 
bulb temperature............................... ... 

19.2 

19.6 

19.76 

20.26 

20 75 

21.26 
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It will be seen from an inspection of this table that the difference 
between the dew-point temperature and the room temperature is approxi- 
mately 20 deg throughout this range of dry-bulb temperatures or, to 
be more exact, the differential increases only 10 per cent for a range of 
practically 25 deg. 

This principle holds true for other humidities and is due to the fact 
that the pressure of the water vapor practically doubles for every 20 deg 
through this range. 

The approximate relative humidity for any difference between dew- 
point and dry-bulb temperature may be expressed in per cent as : 

100 


whore 

ti = dew-point temperature. 

This principle is very useful in determining the available cooling effect 
obtainable with saturated air when a desired relative humidity is to be 
maintained in a room, even though there may be a wide variation in room 
temperature. This problem is one which applies to certain industrial con- 
ditions, such as those in cotton mills and tobacco factories, where re- 
latively high humidities are carried and where one of the principal prob- 
lems is to reniove the heat generated by the machinery. It also permits 
the use of a differential thermostat, responsive to both the room tempera- 
ture and the dew-point temperature, to control the relative humidity 
in the room. 

Table 6 gives, for different temperatures, the density of saturated vapor, 
dt, the weighty of saturated vapor mixed with 1 lb of dry air, PFt, (at a 
relative humidity of 100 per cent and a barometric pressure, B, of 29.92 in. 
of mercury), the specific volume of dry air, and the volume of an air- vapor 
mixture containing 1 lb of dry air (at a relative humidity of 100 per cent 
and a pressure of 29.92 in. of mercu^). The preceding equations or the 
data from Table 6 may be conveniently used in solving the following 
typical problems: 

Examples. MuvMifying and HeaHng. Air is to be maintained at 70 F with a relative 
humidity of 40 per cent « 0.4) when the outside air is at 0 F and 70 per cent 
rmtive humidity =■ 0.7) and a barometric pressure, E, of 29.92 in. of mercury. Find 
the weight of water vapor added to each pound of dry air and the dew-point temperature 
of the humidified air. 

SoluHon. From Equation 5a and Table 6, 

Wi « 0.622 “ 0.000648 lb per pound of dry air. 

W 9 » 0.622 o^~) “ lb per pound of dry air 

^ The wato vjipor added per pound of dry air must be (TF* - Wy) or 0.006632 lb, By 
insp^ion of Table Wt 0.00618 at 44.6 F, so this is the dew-point temperature of 
the humidified air. 

An approximation of the same result from Table 6 is 


Wi 

Wi 


0.7 X 0.0007862 
0.4 X 0.01674 * 


■a 0 00064964 lb per pound of dry air. 
0.006296 lb per pound of dry air. 
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The water vapor added per pound of dry air is approximately 0,00674636 lb and the 
dew-point temperature is approximately 45 F. The degree of approximation is evident. 

Example 5. Dekumtdifying and Coohng. Air with a diy-bulb temperature of 84 F, 
a wet-bulb of 70 F, or a rdative humidity of 50 per cent = 0.5), and a barometric 
pressure, 5, of 29 92 in. of mercury is to be cooled to 54 F. Find the dew-point tem- 
perature of the entering air and the weight of vapor condensed per pound of dry air. 

SoluUon. From Equation 6a and Table 6, 

Wi = 0.622 ( 2^ ^ 01248 lb per pound of dry air. 

Wt = 0.622 (' ^92-^^003 ) “ ° P*' pound of dry air. 

Since Wi = Wt when ^ = 63 4 F, this is the dew-point temperature of the entering air. 
The weight of vapor condensed is (PFi — Wi) or 0.00361 lb per pound of dry air. 

An approximate result is 

Wi - 0.5 X 0.02643 « 0.012715 lb per pound of dry air. 

TFj = 1 X 0.008856 = 0 0088561b per pound of dry air, since the exit air is saturated. 

Since PFi = PFt at i = 64 F, this is the dew-point temperature of the entering air. 
The weight of vapor condensed is 0.003869 lb per pound of dry air. The degree of approxi- 
mation is again evident. 

ADIABATIC SATURATION OF AIR 

The process of adiabatic saturation of air is of considerable importance 
in air conditioning. Suppose that 1 lb of dry air, initially unsaturated but 
carrying W lb of water vapor with a dry-bulb temperature, and a wet- 
bulb temperature, t\ be made to pass through a tunnel containing an 
exposed water surface. Further assume the tunnel to be completely in- 
sulated, thermally, so that the only heat transfer possible is that between 
the air and water As the air passes over the water surface, it will gradu- 
ally pick up water vapor and will approach saturation at the inittal wet- 
bulb temperature of the air^ if the water be supplied at this wet-bulb tem- 
perature. During the process of adiabatic saturation, then, the dry-bulb 
temperature of the air drops to the wet-bulb temperature as a limit, the 
wet-bulb temperature remains substantially constant, and the weight of 
water vapor associated with each pound of dry air increases to Wv^ as a 
limit, where Wv is the weight of saturated vapor per pound of dry air for 
saturation at the wet-bulb temperature. 

Example 4 . If air with a diy-bulb of 85 F and a wet-bulb of 70 F be saturated adia- 
batically by spraying with recirculated water, what will be the final temperature and the 
vapor content of the air? 

Solution, The final temperature will be equal to the initial wet-bulb temperature or 
70 F, and smce the air is saturated at this temperature, from Table 6, PF « 0.01674 lb 
per pound of dry air. 

In the adiabatic saturation process, since the heat given up by the dry 
air and associated vapor in cooling to the wet-bulb temperature is utilized 
in evaporation of water at the wet-bulb temperature, W. H. Carrier has 
pointed out* that the equation for the process of adiabatic saturation, and 
hence for a process of constant wet-bulb temperature, is: 


>X.5M£; TransaOUms, Vol 33, 1911, p 1005. 
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Properties of Saturated Water Vapor with Air, 0 F to 200 (Part II, Continued) 
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s 

g 

6 

j 

Dry Air 
with Vapor 
to Saturate 
it 

637 78 

663 73 

691 35 

720 53 

751 39 

784.48 

819 74 

857 45 

898 00 

941 14 

987 93 

1038 21 

1092 51 

1151 58 

1216 04 

1286 37 

1362 88 

1448 35 

1543 19 

1648 28 

1766 21 

1897 86 

2046 98 

2217 88 
2415.51 

2646 41 

Vapor 

32 F 
Datum 

1138 0 
1138 4 

1138 9 

1139 3 

1139 8 

1140 2 

1140 7 

1141 1 

1141 6 

1142 0 

1142 5 

1142 9 

1143 4 

1143 8 

1144 3 

1144 7 

1145 2 

1145 6 

1146 1 
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1148 8 
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Datum 

42 04 
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42 52 
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43 73 
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31 41 
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34 68 

35 65 

36 67 
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38 98 
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43 04 
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46 68 
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50 93 

53 42 

56 20 

59 31 

62 85 

66 88 
71.54 

76 99 
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Dry Air 

15 98 
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16 03 

16 06 

16 08 

16 11 

16 13 

16 16 

16 18 

16 21 

16 23 

16 26 
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16 31 
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16 36 

16 39 
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16 44 

16 46 

16 49 

16 51 
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16 56 

16 59 

16 61 

M 
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g 

dS 

h 

0 
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3664.5 
3821 3 
3987 9 
4164 3 
4350 5 

4550 7 
4763 5 
4991 7 
5236 7 
5497 8 

5780 6 
6085 1 
6413 4 
6771 1 
7158 9 

7581 0 
8050 0 
8568 0 
9142 0 
9779 0 

10493 0 
11291 0 
12194 0 
13230 0 
14427 0 

15827 0 

Founds 

0 5235 

5459 

.5697 

5949 

6215 

0 6501 

6805 

7131 

7481 

7854 

0 8258 
8693 
9162 
9673 

1 0227 

1 083 

1 ISO 

1 224 

1 306 

1 397 

1 499 

1 613 

1.742 

1 890 

2 061 

2 261 

per Cu Ft 

Grains 

125 4 

128 1 

130 8 

133 6 

136 3 

139 2 

142.1 

145.1 

148 1 

151 2 

154 3 

157 5 

160.7 

164 0 
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170 7 

174 2 

177.7 

181 3 

184 9 

188 6 

192 3 
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200.0 
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018294 
018684 
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0 019888 
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021159 
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0 022045 
022497 
022956 
023424 
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025380 
025893 
.026413 

0 026939 
027472 
.028019 
028571 
.029129 

0.029700 
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7.849 
8.024 
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8.382 
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8.763 
8.944 
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9.538 
9.744 

9 954 

10.168 

10.385 

10 605 

10 820 

11 057 
11.289 

11.525 

& 

*S 
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13.674 

13 985 
14.303 
14.627 
14.054 

15.290 

15.632 

15.981 

16.337 

16.697 

17.066 

17.440 

17.821 

18.210 

18.605 

10.008 

19 419 
19.839 

20 266 
20.702 

21.144 

21.592 

22.048 

22.512 

22.984 

23.465 

t 
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h% (Wv cp,W (t - /*) (9a) 

and using = 0.24 and Cpg = 0.45 

h'ix (Wv - PfO = (0.24 + 0.45PPO (/ - t') (9b) 

where 

h% = latent heat of vaporization at t\ Btu per pound. 

(Wv — W) ^ increase in vapor associated with 1 lb of dr3j air when it is saturated 
adiabatically from an initial dry-bulb temperature, and an initial vapor content, W, 
pounds. 

Knowing any two of the three primary variables, /, t', or W, the third 
may be found from this equation for any process of adiabatic saturation. 

TOTAL HEAT AND HEAT CONTENT 

The total heat of a mixture of dry air and water vapor was originally 
defined by W. H. Carrier as 

S « (i - 0) ■hWWtg + cp3 (t - t')] (10) 

where 

S s= total heat of the mixture, Btu per pound of dry air, 

c-^ =s mean specific heat at constant pressure of dry air. 

^Pg “ mean specific heat at constant pressure of water vapor. 

/ = dry-bulb temperature, degrees Fahrenheit. 

= wet-bulb temperature, degrees Fahrenheit. 

W = weight of water vapor mixed with each pound of dry air, pounds. 

“ latent heat of vaporization at «*, Btu per pound. 

Since this definition holds for any mixture of dry air and water vapor, 
the total heat of a mixture with a rdative humidity of 100 per cent and at 
a temperature equal to the wet-bulb temperature (^*) is 

« rp^ (<» - 0) + Wv A»fg (IJ) 

By equating Equation 10 to Equation 11, the equation for the adiabatic 
satoation process, Equation 9a, follows. This demonstrates that the 
adiabatic saturation process at constant wet-bulb temperature is also a 
process of constant total heat. In short, the total heat of a mixture of dry 
air and water vapor is the same for any two states of the mixture at the 
same wet-bulb temperature. This fact furnishes a convenient means of 
finding the total heat of an air-vapor mixture in any state. 

By considering the temperatures in Table 6 to be wet-bulb readings, the 
total heat of any air-vapor mixture may be obtained from the last column 
in the table. 

Enthalpy 

This total heat of an air-vapor mixture is not exactly equal to the true 
heat content or enthalpy of the mixture since the heat content of the 
liquid is not included in Equation 10. With the meaning of heat content 
m agreement with present practise in other branches of thermodynamics, 
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the true heat content of a mixture of dry air and water vapor (with 0 F 
as the datum for dry air, and the saturated liquid at 32 F as the datum 
for the water vapor) is 

A = cp^ ~ 0) + PTAa - 0.24 (/ - 0) + Wh (12) 

where 

h = the heat content of the mixture, Btu per pound of dry air. 
t « the dry-bulb temperature, degrees Fahrenheit. 

W «= the weight of vapor per pound of dry air, pounds. 

^8 = the heat content of the vapor in the mixture, Btu per pound. 

The heat content of the water vapor in the mixture may be found in 
steam charts or tables when the dry-bulb temperature and the partial 
pressure of the vapor are known. Or, since the heat content of steam at 
low partial pressures, whether super-heated or saturated, depends only 
upon temperature, the following empirical equation, derived from Proper- 
ties of Saturated Steam by J. H. Keenan, Table 8, may be used : 

As « 1059.2 -i- 0.45 / (13) 

Substituting this value of A® in Equation 12, the heat content of the 
mixture is 


= 0.24 (« - 0) -1- (1069 2 + 0.45 t) (14) 

Example 5, Find the total heat of an air-vapor mixture having a dry-bulb tem- 
perature of 86 F and a wet-bulb temperature of 70 F. 

SoluHon. From Table 6, for saturation at the wet-bulb temperature, Wt' * 0.01574, 
and from Equation 14, 

h « 0.24 (70 -0) -1- 0.01674 (1069.2 + 0.45 X 70) « 33.96 Btu per pound dry air. 

^ An energy equation can be written that applies, in general, to various 
air-conditioning processes, and this equation can be used to determine the 
quantity of heat transferred during such processes. In the most general 
form, this equation may be explained with the aid of Fig. 1 as follows: 

The rectangle may represent any apparatus, s.£., a drier, humidifier, dehumidifier, 
cooling tower, or the like, by proper choice of the direction of the arrows. 

In general, a mixture of air and water vapor, such as atmosphenc air, enters the 
apparatus at 1 and leaves at 3. Water is supplied at some temperature, fs. For the flow 
of 1 lb of dry air (with accompanying vapor) through the apparatus, provided there is no 
appreciable change in the elevation or velocity of the fluids and no mechanical energy 
delivered to or by the apparatus, 

^ + Sh + (PFi - m) ^ ^ + -Rc 

or 

Eh - » A, - - (TF, - TFi) (16) 

where 

Eh “* the quantity of heat supplied per pound of dry air, Btu. 

Ec » the quantity of heat lost externally by heat transfer from the apparatus. 

Btu per pound of dry air. 

Wi « the weight of water vapor entering, per pound of dry air. 

W% » the weight of water vapor leaving, per pound of dry sar, 

^ the heat content of the water supplied at hj Btu per pound. 
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hi ’-hi ^ the increase in the heat content of the air- water vapor inixtuie in passing 
through the apparatus, Btu per pound of dry air 

« 0.24 {h - ti) + Wi (1069.2 + 0.45 /i) - Wi (1059.2 + 0.45^i) 

The net quantity of heat added to or removed from air-water vapor 
mixtures in air conditioning work is frequently approximated by taking 
the differences in total heat at exit and entrance. 

For example, in Fig. 1, an approximate result is 

Sh “* jRc ** S| — 2i (10) 

where 

Si « the total heat of the air- vapor mixture at exit, Btu per pound of dry air. 

2i * the total heat of the air-vapor mixture at entrance, Btu per pound of dry air 


Vff lb Water Vapor 
lib OiyAir 



lb. Water 


Fig. 1. Diagram Illustrating Energy Equation 15 


From the definitions of total heat and heat content^ it may be demon- 
strated that Equation 16 is exactly equivalent to Equation 15, when, and 
only when, t\ = t\ = k] i.e., when the initial and final wot-bulb temporu- 
tures and the temperature of the water supplied are equal. The one pro- 
cess that meete these conditions is adiabatic saturation, ami (nlher 
equation will give a result of zero; for other conditions, ICcjuation I(t is 
approximate but satisfactory for many calculations. 

The following problems illustrate the application of these principU^s: 


(data from Example 2). Assuming the water to be 
60 F, the net quantity of heat supplied is, from Equation 16, 


supplied at 


£h - -Rc « 0.24 (70 - 0) -I- 0.000548 X 0.45 (70 - 0) + 0.005032 
[1059.2 -f- 0.45 X 70 — (50 — 32)J » 22,90 Btu per pound of dry air. 


Exampk 7. CooUng (data from Example 3) If the condensate is removed at 54 F 
ti^^antity^f h^t removed is found from Equation 15, by proper regard to t lie arrow 


iSh + « 0.24 (84 - 64) + 0.00887 X 0.46 (84 - 64) -|- 0,00;j(U 

[1059.2 -I- 0.46 X 84 — (54 — 32)] «» 11.24 Btu per pound of dry air. 


of the air-vapor mixture, since the wet-bulb 
temperature is 70 F, is 33.96 Btu per pound of dry air. 


correct result is evident in this example. 
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PSYCHROMETRIC CHART 

The revised Bulkeley Psychrometric Chart^, will be found attached to 
tiie inside back cover. It shows graphically the relationships expressed 
in Equations 9a and 9b. It also gives the grains of moisture per pound of 
dry air for saturation, the grains of moisture per cubic foot of saturated 
air, the total heat in Btu per pound of dry air saturated with moisture, 
and the weight of the dry air in pounds per cubic foot. Fig. 2 shows the 
procedure to follow in using the Bulkeley Chart. The directrix curves 
above the saturation line are as follows: 

A is the total heat in Btu contained in the mixture above 0 F, and is to be referred 
to the column of figures at the left side of the chart. Heat of the liquid is not included 



A, B. C, D, E, F«Oiractnx lines 
D B L«Dry bulb line 
D P, L- Daw point line 


R H L sReiative humidily line 
W B LsWet bulb line 
Sl>&aturation line 


G P Lb*Grains moisture sat mixture per lb diy air R D D 5 = Relative dcnsify dry air per cu ft spturated 

T. H "Total heat sat mixture per lb dry air W P C P S ^Weight per cu ft in lbs saturated 

V P «Vapor pressure in mm mercuiy R D S ^Relative density per cu ft saturated 

G P. C F. S«Grains moisture per cu ft sat air W P C F D sWeight per cu ft in lbs dry 

W D A C r SxWeight dry air per cu ft in lbs saturated R D D =Relative density per cu ft dry 

® ■' •‘POrt..lsatur.t»n 

® *' * AfatOTptI d 'B f stpart'slaturation 


Fig. 2. Diagrams Showing Procedure to Follow in Using Bulkeley Chart 


B is the grains of moisture of water vapor contained in eacli pound of the saturated 
mixture and is to be referred to the figures at the left side of the chart. 

C is the grains of moisture of water vapor per cubic foot of saturated mixture, and is 
to be referred to the figures at the left side of the chart which are to be divided by 10 

D IS the weight in decimal fractions of a pound of dry air in one cubic foot of the 
saturated mixture, and is referred to the first column of figures to the right of the satura- 
tion line between the vertical dry-bulb temperature lines 170 and 180 F. The relative 
density of the mixture is read m a similar manner from the same curve by the column of 
figures between the vertical dry-bulb temperature lines 180 and 190 F 

E 18 similar to D but is for one cubic foot of the saturated mixture. 


^The Bulkeley Paychrometnc Chart was presented to the Soaety in 1926 (See A S H V E Trans- 
actions, Vol 32, 1926 } Single copy of the chart can be fuiTushed at a cost of $ 25 
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F is similar to D but is for dry air, devoid of all moisture or water vapor For con- 
venience, the approximate absolute temperature of 500 F is given at *10 on the Mtiiia- 
tion line for the purpose of calculating volume, weight per cubic foot, and relative density 
at partial saturation. 


METHOD OF USING THE CHART 


Example 8, Relative Humidity: At the intersection of the 78 F wct-hiilb line and the 
96 F dry-bulb line, the relative humidity is read directly on the straight diagonal lines 
as 46 per cent. 

Example 9, Detv Point: At the intersection of the 78 F wet-bulb line, the dew-point 
temperature is read directly on the horizontal temperature lines as 70 9 F. 

Example 10. Vapor Pressure: At the intersection of the 78 F wet-bulb line iind the 
96 F dry-bulb line, pass in a horizontal direction to the left of the chart amj on the 
loganthmic scale read the vapor pressure as 19 4 millimeters of mercury. (Divide by 
25 4 for inches.) 

Example 11, Total Heat Above 0 F in Mixture per Pound of Dry Air Saturated with 
Moisture: From where the wet-bulb line joins the saturation line, p*iss in a vertical 
direction on the 78 F dry-bulb line to its intersection with curve A and on tlie logaritlimic 
scale at the left of the chart read 40.6 Btu per pound of mixture. The use of this curve 
to obtam the total heat in the mixture at any wet-bulb temperature is a great con- 
venience, as the number of Btu required to heat the mixture and humidify it, as well as 
the refrigeration required to cool and dehumidify the mixture, can be obtained by 
tabng the dilQference in total heat before and after treatment of the mixture. 

Example IS. Grains of Moisture per Pound of Dry Air Saturated with Moisture: 
From 70.9 F dew-point temperature on the saturation line, pass vertically to the inter- 
section with curve B and on the logarithmic scale at the lelt road 114 grains of moist me 
per pound 


Example IS, Crains of Moisture per Cubic Foot of Mixture, Partially Saturated: F rom 
70 9 F dew-point temperature on the saturation line proceed in a vertiad direction to 
curve C, and on the logarithmic scale to the left read 83.8 which, divided by 10, gives 
8 33 grains. A temperature of 70.9 F is equal to an absoluJ.e tcmpeiature of 630.9, and 

X 8.33 7.97 grains per 


95 F equals 666, absolute temperature. Therefore, 
cubic foot of partially saturated mixture 


530.9 

565 


Example H Grains of Moisture per Cubic Foot of Saturated Air: Starting at the 
saturation line at the desired temperatuie, pass in a vertical direction to curve (’and on 
the logarithmic scale at the left, read a number which, divided by 10, will give the 
answer. 

Example 16, Weight Per Cubic Foot of Dry Air and Relative Density: From the point 
where, for example, the 70 F vertical dry-bulb line intersects curve li, pass to right side 
and read 0.076 lb; if cubic feet per pound are desired, divide 1 by this amount. The 
relative density is read immediately to the right as 1.00. 


Example 16. Weight of Dry Air per Cubic Foot of Saturated Mixture and Relative 
Density: From the point where, for example, the 70 F vertical line interflcots the curve 
D, pass to the right and read weight per cubic foot as 0.07316 with a relative tlensity of 
0.9765 for saturated air at 70 F. 


Example 17. Weight M Dry Air Per Cubic Foot and Relative Density of Partially 
Saturated Air: Air at 50 F and a wet-bulb temperature of 46 F is to be heated to 130 F. 
The wet- and dry-bulb lin€« intersect at a dew-point temperature of 42 F. Pass to the 
left where this dew-point line intersects the saturation line and then pass in a verticiil 
direction to where the 42 F dry-bulb line intersects with curve D. Then pass directly to 
the right and read the weight per cubic foot of saturated air at 42 F as 0.078i4 and the 
relative density as 1.046. Tlie absolute temperature at 42 F is 602, and at 130 F is 500, 

Therefore, ^ « 0 861 The weight of 1 cu ft of air at 60 F dry-bulb and 46 F wot-bulb 

when heated to 130 F is 0.07844 X 0,861 « 0 06676, and the relative density is 1.046 
X 0.861 « 0.89. 



Chapter 1 — ^Air, Water and Steam 


PROPERTIES OF WATER 

Composition of Water, Water is a chemical compound (H 2 O) formed by 
the union of two volumes of hydrogen and one volume of oxygen, or two 
parts by weight of hydrogen and 16 parts by weight of oxygen. 

Density of Water, Water has its greatest density at 39.2 F, and it 
expands when heated or cooled from this temperature. At 62 F a U. S. 
gallon of 231 cu in. of water weighs approximately lb, and a cubic foot 
of water is equal to 7.48 gal. The specific volume of water depends on the 
temperature and it is always the reciprocal of its density. (See Table 7.) 


Table 7. Thermal Properties of Water 


Tbicpbbatubb 
Dkg F 

Sat Piudss 
LbpibSqIzt 

Volume Cu Ft 
pbbLb 

Weight Lb fbb 
OuFt 

Sfbgiito 

Heat 

32 

0 0887 

0 01602 

62.42 


40 

0 1217 

0.01602 

62.42 


50 

0.1780 

0 01602 

62.42 

1.0015 

60 

0 2561 

0.01603 

62.38 

0.9995 

70 

0.3628 

0 01605 

62.31 

0.9982 

80 

0. S 067 

0.01607 

62.23 

0.9975 

90 

0 6980 

0.01610 

62.11 

0.9971 

100 

0.9487 

0.01613 

62.00 

0.9970 

no 

1.274 

0 01616 

61.88 

0.9971 

120 

1.692 

0 01620 

61.73 

0.9974 

130 

2.221 

0 01625 

61.54 

0 9978 

140 

2.887 

0.01629 

61.39 

0 9984 

ISO 

3 716 

0.01634 

61.20 

0 9990 

160 

4 739 

0.01639 

61.01 

0 9998 

170 

5 990 

0.01645 

60.79 

1.0007 

180 

7.510 

0 01650 

60.61 

1 0017 

190 

9.336 

0 01656 

60.39 

1.0028 

200 

11.525 

0.01663 

60 13 

1.0039 

210 

14.123 

0.01669 

59.92 

1 0052 

212 

14.696 

0 01670 

59.88 

1.0055 

220 

17.188 

0.01676 

59.66 

1.0068 

240 

24.97 

0.01690 

59.17 

1.0104 

260 

35.43 

0 01706 

58.62 

1.0148 

280 

49.20 

0.01723 

58.04 

1.0200 

300 

67.01 

0.01742 

57 41 

1.0260 

350 

134.62 

0 01797 

55 65 

1.0440 

400 

247 25 

0.01865 

53.62 

1 0670 

450 

422.61 

0.01950 

51.30 

1 0950 

500 

681.09 

0.02050 

48.80 

1.1300 

550 

1045.4 

0.02190 

45.70 

1.2000 

600 

1544.6 

0 02410 

41.50 


700 

3096.4 

0.03940 

25.40 



Water Pressures, Pressures are often stated in feet or inches of water 
column. At 62 F, with h equal to the head in feet, the pressure of a 
column of water is 62.383A lb per square foot, or 0.433& lb per square inch. 
A column of water 2.309 ft (27.71 in.) high exerts a pressure of one pound 
per square inch at 62 F. 

Boiling Point of Water. The boiling point of water varies with the 
pressure; it is lower at higher altitudes. A change in pressure will always 
be accompanied by a change in the boiling point, and there will be a cor- 
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Chapter 1 — Air, Water and Steam 


Table 8, Properties of Saturated Steam* Pressure Table — (C ontinued) 


Specific Volume Total Heat Entropy 


AU Prau. 
Lb/Sq In 

Temp 
Dair F 

Sat 

Liquid 

Evap. 

Sat. 

Vapor 

Sat. 

Liquid 

Evap. 

Sat. 

Vapor 

Sat. 

Liquid 

Evap. 

Sat. 

Vapor 

Abe Prase, 
Lb /Sq. In. 

P 

t 

Tf 

Vfff 


hf 

hfg 

hg 

Sf 

Sfg 

Bg 

P 

100 0 

327 83 

0 01771 

4408 

4.426 

29833 

8882 

1186 6 

04742 

11280 

1.6022 

100.0 

102 0 

329.27 

0 01773 

4326 

4344 

299 83 

887.1 

11869 

0.4761 

11245 

16006 

102.0 

104 0 

330 68 

0 01774 

4.247 

4 265 

30130 

886 0 

1187 3 

0.4779 

11211 

15990 

104.0 

106.0 

332 08 

0 01776 

4171 

4189 

302 76 

8849 

1187 6 

04798 

1.1177 

15974 

106.0 

108.0 

333 44 

0 01777 

4.097 

4115 

304.19 

883 8 

1188.0 

04816 

11144 

15959 

108.0 

110.0 

334 79 

0.01779 

4.026 

4044 

305 61 

8827 

1188 3 

04834 

mil 

15944 

IlOO 

112 0 

33612 

0 01780 

3 958 

3 976 

30700 

8816 

1188 6 

04851 

1.1079 

15930 

112.0 

114 0 

337 43 

0 01782 

3 892 

3 910 

308 36 

8806 

1188 9 

04868 

1.1048 

15915 

114.0 

116 0 

338 72 

0 01783 

3.828 

3 846 

309 71 

879 5 

11892 

04885 

11017 

15901 

116 0 

118.0 

340 01 

0 01785 

3 766 

3 784 

311.05 

878 5 

1189.5 

04901 

1.0986 

15887 

118.0 

120.0 

341 26 

0 01786 

3 707 

3.725 

312 37 

877.4 

1189 8 

04918 

10956 

1.5874 

120.0 

122.0 

342 50 

0 01788 

3 652 

3.670 

313 67 

876.4 

11901 

04934 

10926 

15860 

122.0 

124.0 

343 73 

0 01789 

3 597 

3 615 

314 96 

8754 

11904 

04950 

10897 

15847 

124.0 

126 0 

344 94 

0.01791 

3 542 

3 560 

31623 

874 4 

1190 6 

04965 

10868 

1.5834 

126 0 

128.0 

34614 

0 01792 

3.487 

3.505 

317.49 

873.4 

1190.9 

0.4981 

10840 

15821 

128 0 

130.0 

347 31 

001794 

3433 

3.451 

318 73 

8724 

11912 

0.4996 

10812 

1.5808 

130.0 

132 0 

348.48 

0 01795 

3383 

3 401 

319 95 

871.5 

11914 

0.5011 

10784 

15796 

182.0 

134.0 

349 64 

001796 

3 335 

3353 

321 17 

870 5 

11917 

05026 

10757 

15783 

134.0 

136.0 

350 78 

0 01798 

3288 

3 306 

322 37 

869 6 

1191.9 

0 5041 

10730 

15771 

186.0 

138.0 

351.91 

0 01799 

3 242 

3 260 

323 56 

868 6 

1192 2 

0.5056 

10703 

15759 

138.0 

140.0 

353 03 

001801 

3198 

3 216 

324.74 

867.7 

1192 4 

0 5070 

10677 

15747 

140.0 

142.0 

35414 

0 01802 

3155 

3173 

325 91 

866 7 

1192.6 

0 5084 

10651 

1.5735 

142 0 

144 0 

355 22 

0 01804 

3.112 

3130 

327.06 

865 8 

1192.9 

05098 

1.0625 

1.5724 

144.0 

146.0 

356 31 

0 01805 

3 071 

3 089 

328 20 

864 9 

11931 

05112 

10600 

15712 

146.0 

148.0 

357.37 

0 01806 

3.031 

3 049 

329 32 

864 0 

11933 

05126 

10575 

15701 

148.0 

160.0 

358 43 

0 01808 

2992 

3 010 

330.44 

8631 

1193.5 

05140 

10550 

15690 

150.0 

162.0 

359 47 

0 01809 

2 954 

2 972 

33154 

862 2 

1193 7 

05153 

10526 

1.5679 

162.0 

164 0 

360 51 

001810 

2 917 

2 935 

332 64 

8613 

1193 9 

05166 

1.0502 

1.5668 

154.0 

166.0 

361 53 

0 01812 

2 882 

29 Q 0 

333 72 

860 4 

11941 

05180 

10478 

1.5658 

156.0 

168.0 , 

362 54 

001813 

2 846 

2.864 

334 80 

859.5 

1194 3 

0 5193 

10454 

1.5647 

158.0 

160 0 

363.55 

0.01814 

2.812 

2 830 

335 86 

858 7 

11943 

05205 

10431 

15636 

160 0 

162 0 

364 54 

0 01816 

2 779 

2.797 

33691 

857 8 

1194 7 

0.5218 

10408 

1.5626 

162.0 

164.0 

365 52 

001817 

2 746 

2 764 

337 95 

8570 

1194 9 

05230 

10385 

15616 

164.0 

166.0 

366 50 

001818 

2 715 

2.733 

338 99 

8561 

1195.1 

05243 

1.0363 

1.5606 

166.0 

168.0 

367.46 

001819 

2 683 

2 701 

340.01 

855 2 

11953 

0.5255 

10340 

1.5596 

168 0 

170.0 

368.42 

0.01821 

2 653 

2 671 

34103 

854.4 

1195 4 

05268 

10318 

15586 

170.0 

172.0 

36937 

001822 

2623 

2.641 

342 04 

853 6 

1195.6 

05280 

10296 

1,5576 

172.0 

174.0 

37031 

0.01823 

2 594 

2 612 

343.04 

852.7 

1195 8 

0.5292 

10275 

15566 

174.0 

176 0 

37124 

001825 

2 566 

2 584 

344.03 

8519 

1196.0 

05304 

10253 

15557 

176.0 

178.0 

372.16 

001826 

2 538 

2.556 

345.01 

8511 

1196.1 

05315 

10232 

1.5548 

178.0 

180 0 

373.08 

001827 

2 511 

2 529 

345.99 

8503 

1196.3 

05327 

10211 

1.5538 

180.0 

182.0 

374 00 

0.01828 

2 484 

2502 

346.97 

8495 

11964 

0 5339 

10190 

1.5529 

182 0 

184.0 

374 90 

001829 

2 458 

2476 

347.94 

848 6 

1196 6 

0 5350 

1.0169 

15520 

184.0 

186.0 

375 78 

001831 

2 433 

2 451 

348 89 

847 9 

1196 8 

05362 

1.0149 

1.5511 

186 0 

188.0 

376.67 

0.01832 

2 407 

2.425 

349 83 

847.1 

11969 

0 5373 

10129 

15502 

188.0 

190.0 

377 55 

001833 

2.383 

2 401 

350.77 

846 3 

1197.0 

0.5384 

10109 

15493 

190 0 

192.0 

378.42 

001834 

2 359 

2 377 

351.70 

845 5 

11973 

0.5395 

10089 

15484 

192.0 

194 0 

379 27 

001835 2 335 

2 353 

352.61 

8447 

11973 

05406 

10070 

1.5475 

194 0 

196.0 

380.13 

001837 

2 312 

2 330 

353.53 

8440 

1197 5 

0 5417 

10050 

15467 

196.0 

198.0 

380.97 

0.01838 

2.289 

2307 

354 43 

843 2 

1197.6 

0.5427 

10031 

1.5458 

198.0 

200.0 

38182 

0.01839 

2 267 

2 285 

355 33 

842 4 

1197.8 

0.5438 

1.0012 

1.5450 

200.0 

206.0 

383.89 

001842 

2313 

2 231 

357.56 

8405 

11981 

0 5465 

09964 

15429 

206.0 

210.0 

385 93 

001844 

2162 

2180 

359 76 

838.6 

1198 4 

aS 491 

a 9918 

15409 

210.0 

216,0 

387 93 

0.01847 

2.113 

2131 

36191 

836 8 

1198.7 

05516 

09873 

1.5389 

215.0 

220.0 

389 89 

0.01850 

2 066 

2384 

364.02 

8350 

11993 

05540 

0,9829 

15369 

220.0 

226 0 

391 81 

0,01853 

2.0208 2 0393 

366.10 

833 2 

11993 

0.5565 

0.9786 

1.5350 

226.0 

230.0 

393.70 

001856 

1 9778 1.9964 

368 14 

831.4 

1199 6 

0 5588 

0.9743 

1.5332 . 

280.0 

236 0 

395 56 

001859 

1.9367 1 9553 

37015 

8297 

1199 8 

0.5612 

0 9702 

15313 

235.0 

240 0 

397.40 

001861 

1.8970 1 9156 

372.13 

8279 

1200.1 

0.5635 

0 n 9661 

0.9620 

1.5295 

240.0 

246.0 

399.20 

0.01864 

13589 1 8775 

374.09 

826.2 

12003 

0.5658 

1.5278 

246.0 
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Tables. Properties of Saturated Steam: Pressure Table— (C oncluded) 


Specific Volume Total Heat Entropy 


Abi PrM«. 
Lb/Sq In. 

T«mp 
Dck F 

Sat 

Liquid 

Evap 

Sat 

Vapor 

Sat 

Liquid 

Gvap 

Sat 

Vapor 

Sat. 

Liquid 

Evap 

Sat. 

Vapor 

Aba Praaa. 

Lb /Sq In. 

P 

t 

Vf 

VfK 

Vr 

hf 

hfK 


Sf 

SfR 

8(C 

P 

250.0 

400 97 

0.01867 

1.8223 

18410 

37602 

824 5 

1200 5 

0 5680 

0 9581 

15261 

260.0 

260 0 

404 43 

001872 

17536 

17723 

379.78 

8212 

12010 

0 5723 

0 9504 

1.5227 

260.0 

270.0 

407.79 

0 01877 

16895 

1 7083 

383 44 

818 0 

12014 

0.5765 

0 9*30 

1.5194 

270 0 

280.0 

411 06 

0 01882 

16302 

1.6490 

387.02 

814 7 

12018 

0.5805 

0.9357 

15163 

280.0 

290 0 

414.24 

0.01887 

1.5745 

15934 

39050 

8116 

1202.1 

05845 

0.9287 

1,5132 

290.0 

300.0 

417J3 

0.01892 

1.5225 

1.5414 

393.90 

808 5 

1202.4 

0.5883 

0 9220 

1.5102 

300.0 

320 0 

423.29 

0 01901 

1.4279 

1.4469 

400.47 

802 5 

1203 0 

0.5957 

0.9089 

1.5046 

320 0 

340.0 

428 96 

0 01910 

1.3439 

13630 

40675 

796 6 

1203.4 

06027 

0 8965 

1.4992 

340.0 

360.0 

434.39 

001918 

1.2689 

1.2881 

412.80 

790 9 

1203.7 

0.6094 

0 8846 

14940 

300.0 

380.0 

439.59 

031927 

1.2015 

1.2208 

418.61 

7853 

1203 9 

0.6157 

0.8733 

1.4891 

380 0 

400.0 

444.58 

03194 

1.1407 

11601 

4242 

779 8 

1204.1 

0 6218 

0.8625 

1.4843 

400.0 

420.0 

44938 

0 0194 

10853 

1.1047 

429.6 

774.5 

1204.1 

0.6277 

0 8520 

1.4798 

420.0 

440 0 

454.01 

00195 

1.0345 

1.0540 

434 8 

769 3 

1204.1 

06334 

0 8420 

1.4753 

440.0 

460.0 

458.48 

00196 

09881 

1.0077 

4399 

7641 

1204.0 

0.6388 

0.8322 

14711 

460.0 

480.0 

462.80 

0.0197 

09456 

0 9633 

444 9 

759.0 

1203.9 

0.6441 

0.8228 

1.4670 

480.0 

600.0 

466.99 

0 0198 

0.9063 

0 9261 

449.7 

754 0 

1203.7 

06493 

0.8137 

1.4630 

600.0 

620.0 

471.05 

0.0198 

0.8701 

0.8899 

4544 

749 0 

1203 5 

0.6543 

0 8048 

14591 

520.0 

640.0 

474.99 

0.0199 

0.8363 

0 8562 

459.0 

744.1 

1203.2 

0.6592 

0.7962 

1.4554 

640.0 

660.0 

478.82 

0.0200 

0 8047 

0.8247 

463.6 

7393 

1202 9 

0.6639 

0.7878 

1.4517 

660.0 

680.0 

48235 

00201 

0.7751 

0 7952 

468.0, 

734.5 

1202.5 

0.6686 

0.7796 

1.4482 

680.0 

600 0 

486 17 

0 0202 

0.7475 

0,7677 

4723 

729.8 

1202.1 

06731 

0.7716 

1.4447 

600.0 

620.0 

489 71 

00202 

0.7217 

0.7419 

476.6 

725.1 

1201.7 

0 6775 

0 7638 

1.4413 

620.0 

640.0 

493.16 

0.0203 

0.6972 

0.7175 

480 8 

720.5 

12013 

0.6818 

0.7562 

1.4380 

640.0 

660.0 

49633 

0.0204 

0 6744 

0.6948 

4849 

715 9 

1200.8 

0.6861 

0.7487 

1.4348 

600.0 

680.0 

499.82 

0.0205 

0.6527 

0.6732 

488.9 

7113 

1200.2 

0.6902 

0.7414 

1.4316 

680.0 

700.0 

503.04 

0.6206 

0.6321 

0 6527 

492.9 

706.8 

1199 7 

06943 

0.7342 

1.4285 

700.0 

720.0 

506.19 

0 0206 

0.6128 

0 6334 

496.8 

7024 

11993 

0.6983 

0.7272 

1.4255 

720.0 

740.0 

50938 

0 0207 

0 5944 

0.6151 

500 6 

697.9 

1198.6 

0.7022 

0.7203 

1.4225 

740.0 

760 0 

51230 

0 0208 

0 5769 

0 5977 

5044 

693.5 

1198.0 

0.7060 

0.7136 

14196 

760.0 

780.0 

515.27 

0.0209 

0.5602 

0 5811 

5083 

689.2 

11974 

0.7098 

0 7069 

1.4167 

780.0 

800.0 

518.18 

00209 

0 5444 

0 5653 

511.8 

684 9 

1196.7 

0.7135 

0.7004 

1.4139 

800,0 

820.0 

52103 

0,0210 

0.5293 

0 5503 

515.5 

680.6 

1196.0 

07171 

0.6940 

1.4111 

820.0 

840.0 

52333 

00211 

0 5149 

0.5360 

519.0 

676 4 

11954 

0.7207 

0 6877 

1.4084 

840.0 

860.0 

526 58 

00212 

0.5013 

0.5225 

522.6 

672.1 

1X94,7 

07242 

0.6815 

1.4057 

660.0 

880.0 

52939 

00213 

04881 

0,5094 

526.0 

667.9 

1194.0 

0.7277 

0.6754 

1.4031 

860.0 

900.0 

531.95 

0.0213 

0.4756 

0.4969 

529.5 

663 8 

11933 

0.7311 

0.6694 

1.4005 

900.0 

920.0 

53436 

0.0214 

0 4635 

0.4849 

532.9 

659.7 

1192.6 

0.7344 

0.6635 

13980 

920.0 

940.0 

537.13 

00215 

0.4520 

0 4735 

5363 

655 6 

1191.8 

0.7377 

0.6577 

13954 

940.0 

960.0 

539.66 

00216 

0.4409 

04625 

539.6 

651.5 

1191.1 

0.7410 

0.6520 

13930 

900.0 

980.0 

542.14 

0.0217 

0.4303 

0.4520 

542.8 

647.5 

11903 

0.7442 

0.6464 

13905 

980.0 

1000.0 

544.58 

0 0217 

0.4202 

0 4419 

5460 

643 5 

1189.6 

0 7473 

0.6408 

13881 

1000.0 

1060.0 

550.53 

0.0219 

03960 

0.4179 

554.0 

633.6 

1187.6 

0.7550 

0.6273 

13822 

1060.0 

1100.0 

55638 

00222 

0.3738 

03960 

5617 

623.9 

1185.6 

0,7624 

0.6141 

1.3765 

1100.0 

1160 0 

561.81 

0.0224 

0 3540 

03764 

5692 

6143 

1183 5 

0.7695 

0.6014 

13709 

1160.0 

1200.0 

567.14 

0.0226 

03356 

0 3582 

576.5 

6049 

11814 

0 7764 

0.5891 

13656 

1200.0 

1260 0 

57230 

0.0228 

0 3187 

03415 

583.6 

595 6 

11792 

0.7831 

0.5772 

13603 

1260.0 

1800.0 

577 32 

0.0230 

03029 

03259 

590.5 

586.3 

1177 0 

07897 

0.5654 

13552 

1800.0 

1860.0 

58231 

0.0232 

0.2884 

03116 

597.5 

577 2 

1174.7 

07962 

0.5540 

13501 

1350.0 

1400 0 

586.96 

0 0235 

0 2748 

03983 

6043 

568.1 

1172.4 

0.8024 

0.5428 

13452 

1400.0 

1460.0 

591.58 

0.0237 

0.2621 

0.2858 

611.0 

559.1 

1170.0 

0.8086 

0.5318 

1,3404 

1460.0 

1600.0 

596.08 

0 0239 

03502 

03741 

617.5 

5502 

1167 6 

0.8146 

0.5212 

13357 

1600.0 

1600.0 

604.74 

0.0244 

03284 

0.2528 

630 2 

532.6 

1162.7 

0.8262 

0.5003 

13265 

1600.0 

1700 0 

612 98 

00249 

0 2089 

0.2338 

642.5 

515.0 

1157.5 

0.8373 

0.4801 

13174 

1700.0 

1800.0 

62036 

0.0254 

0.1913 

03167 

654.7 

497.2 

1151.8 

0.8482 

0.4601 

13083 

1800.0 

1900.0 

62839 

0.0260 

0.1754 

0 2014 

666.8 

478,9 

1145.7 

0.8589 

0.4402 

1.2990 

1900.0 

2000.0 

635.6 

0.0265 

0.1610 

0,1875 

679.0 

460.0 

1139.0 

0.8696 

0.4200 

13896 

2000.0 

2200.0 

649 2 

00277 

01346 

0,1623 

703.7 

420.0 

1123.8 

0.8912 

03788 

1.2700 

2200.0 

2400 0 

661.9 

0 0292 

0.1112 

0.1404 

7294 

376.4 

1105.8 

0.9133 

03356 

13488 

2400.0 

2600.0 

673.8 

00310 

00895 

0.1205 

756.7 

327 8 

1084.5 

0,9364 

0.2892 

13257 

2600.0 

2800.0 

684.9 

0.0333 

0.0688 

0.1021 

786.7 

272 3 

1058.9 

0.9618 

0.2379 

1.1996 

2800.0 

3000.0 

695.2 

0 0367 

0.0477 

0.0844 

8231 

202,5 

1025 6 

0.9922 

0.1754 

1.1676 

8000.0 

3200 0 

704.9 

0C4S9 

0.0142 

0.0601 

887.0 

75 9 

962.9 

13461 

0.0651 

1.1112 

8200.0 

3226.0 

706,1 

0.0522 

0 

0.0522 

925.0 

0 

925.0 

1.0785 

0 

1.0785 

8226.0 
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responding change in the latent heat of evaporation. These values are 
given in Table 8. 

Specific HeaL The specific heat of water, or the amount of heat (Btu) 
required to raise the temperature of one pound of water one degree Fahren- 
heit, varies with the temperature, but it is commonly assumed to be 
unity at all temperatures. Steam tables are based on exact values, 
however. The specific heat of ice at 32 F is 0.492 Btu per pound. The 
amount of heat required to raise one pound of water at 32 F through a 
known temperature interval depends on the average specific heat for the 
temperature range. 

Sensible and Latent Heat, The heat necessary to raise the temperature 
of one pound of water from 32 F to the boiling point is known as the heat 
of the hqmd or sensible heat. When more heat is added, the water begins 
to evaporate and expand at constant temperature until the water is 
entirely changed into steam. The heat thus added is known as the latent 
heat of evaporation. 


PROPERTIES OF STEAM 

Steam is water vapor which exists in the vaporous condition because 
sufficient heat has been added to the water to supply the latent heat of 
evaporation and change the liquid into vapor. This change in state takes 
place at a definite and constant temperature which is determined solely 
by the pressure of the steam. The volume of a pound of steam is the 
specific volume which decreases as the pressure increases. The reciprocal 
of this, or the weight of steam per cubic foot, is the density, (See Table 8.) 

Steam which is in contact with the water from which it was generated is 
known as saturated steam. If it contains no actual water m the form of 
mist or priming, it is called dry saturated steam. If this be heated and the 
pressure maintained the same as when it was vaporized, its temperature 
will increase and it will become superheated, that is, its temperature will 
be higher than that of saturated steam at the same pressure. 
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PROBLEMS IN PRACTICE 


1 • Given air at 70 F dry-bulb and 50 per cent relative huvuidily %vilh a Imm- 
metric pressure of 29.00 in. Hg, find the weight of vapor per pound <^f dry air. 

Pressure of saturated vapor =» et * 0,7387 in. Hg (Table 0). 

From Equation 5a, 


W 

W 


« 0 622 


/ 0.5 X 0.7387 \ 

V29.06"-^ (0,6) (6.7387); 


= 0.008024 Ib of vapor per pound of dry air at 70 F dry-bulb and 50 per cent 
relative humidity. 


Approximate Method 

Weight of ^turated vapor per pound of dry air » = 0.01574 lb (Table 0), 0.01574 

X 0.5 “ 0.0787 lb of vapor per pound of dry air at 70 F dry-bulb and 50 per rent relative 
humidity. 


2 • Given air with a ^-bulb temperature of 80 F, relative humidity of 55 per 
^nt, And a barometric pressure of 28.85 in. Ifg, caloululc the weight of a cubic 
foot of mixture. 

Pressure of saturated vapor at 80 F = €t * 1.0316 in. Ilg (Table «) 

Pressure of the vapor in the mixture « 1.0310 X 0 66 » 0.5670 in. llg. 

Pressure of the dry air in the mixture = 28.85 - 0.5676 « 28.282 m. Hg. 

28.282 

^ ** 0.763 X 640 "" ^*06956 Jb « weight of dry air in 1 cu ft of the mixture. 
Likewise from Equation 4a, 

^ 0.6676 

^ “ 'i721“x’ 640 0-^^00868 lb « weight of vapor per cubic feet at 65 per cent 

relative humidity. 

Weight of I cu ft of the mixture » 0.06965 -f 0.000808 « 0.070418 Ib, 
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3 • Given air with a dry-bulb temperature of 75 F, a relative humidity of 60 per 
cent, and a barometric pressure of 28.80 in. Hg, calculate the volume of 1 lb of 
the mixture. 

Pressure of saturated vapor at 75 F = et = 0 8745 in Hg 
Pressure of vapor m the mixture = 0 8745 X 0 6 = 0 525 in Hg 
Pressure of dry air in the mixture = 28,80 — 0 525 = 28 275 in. Hg 
28 275 

^ w coc = 0 07018 lb = T/vcight of dry air in 1 cu ft of the ttiixture 

U./Oo X ooo 

From Equation 4a, 

0 525 

^ = i'o-i go iT = 0 000811 lb = weight of vapor per cubic feet at 55 per cent 
1 X 000 
relative humidity 

Weight of 1 cu ft of the mixture = 0 07018 + 0 OOOSll = 0 070991 lb 
Volume of 1 lb of the mixture = o 070991 ~ 

4 • It is desired to maintain a temperature of 80 F and a relative humidity of 
50 per cent in a factory where the equipment gives ojQf 6,000 Btu per hour. If 
the entering air is at 70 F with an average barometric pressure of 29.92 in. Hg; 
determine the rdlative humidity, and the pounds of air required per hour if 
there is no heat interchange between the walls, windows, or floors of the 
building. 

Pressure of saturated vapor at 80 F = 1 0316 in. Hg (Table 6). 

Pressure of vapor in the mixture = 1.0316 X 0 5 — 0 5158 in. Hg. 

Pressure of saturated vapor at 70 F - 0.7387 in Hg. 

With the same specific humidity 

001091 - 0.622(55-^^4^) 
ip = 69 8 per cent relative humidity at 70 F. 

« 0 24 X 80 4* 0.01091 (1059 2 + 0.45 X 80) = 31 15 Btu per pound, the heat content 
of the mixture at 80 F and 50 per cent relative humidity 

A « 0 24 X 70 + 0.01091 (1059 2 + 0 45 X 70) = 28.70 Btu per" pound, the heat content 
of the mixture at 70 F and the same specific humidity. 

31.15 - 28 70 = 2 45 Btu to be removed per pound of air 
6000 Btu « heat given off by equipment per hour. 

= 2449 lb of air required per hour. 

5 • Given 1 lb of dry air at 78 F and a barometric pressure of 29.92 in. Hg; 
calculate the volume. If the temperature is raised to 96 F and the volume 
remains constant, what will be the new pressure, P 2 , in in. Hg? 

PV ^wP(t + 460) 

P (for air) = 53,34. 

TT * 1 lb. 

P = absolute pressure, pounds per square foot 

1 X 53.34 X (78 + 460) 

^ " 29.92 X 0 491 X 144 

V - 13.57 cu ft » volume of 1 lb 
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?1 li P 

Pi °° Pi’ * r, 

p _ (96 + 460) (29 92 X 0 491 X 144) 
* (78 + 460) (0 491 X 144) 


30.90 in. Hg. 


6 • Given saturated air at a temperature of 75 F and a baromelric pressure of 
29.92 in. Hg; determine the heat content of the mucture per pound of <lry air, 
including Hie heat content of the liquid above 32 F. 

From Equation 12, 

h « 0.24 ft - 0) + Whs. 
where 

hs = 1059.2 + 0.45/ (Empincal equation derived from Keenan’s Steam "rabies). 

/ = 76 F. 

W = 0.01873 lb of water vapor (Table 6) 

A « 0 24 (75 - 0) + 0.01873 (1059.2 + 0.45 X 75). 
h 38 46 Btu per pound of dry air. 

7 • A building requires 50,000 cu ft of air per hour to be raisocl from — 10 F 
dry-bulb and 75 per cent relative humidity to 72 F dry-l>ulb an<l 30 per cent 
relative humidity. Determine the amount of heat and the weight of water 
which it is necessary to supply per hour if the temperature of the supply wuler 
is 50 F and the barometric pressure is 28.75 in. Hg. 

Assume air volume to be dry air at 70 F. 

Weight of air « 0 075 X 50,000 = 3750 lb per hour. 

From Table 

Pressure of vapor in the mixture, outside air « 0.75 X 0.0221 « 0 01()(i in. Hg. 
Specific humidity, outside air = 0 622 ( ^ 0003580 lb. 

From Table ff, 

Pressure of vapor in the mixture, inside air = 0.30 X 0.7906 =» 0.2372 in. Hg. 

Specific humidity, inside air = 0,622 ( 2 ^ 75 ^— ^0 23718) ^ 

Water to be added = 3750 (0 005174 - 0.0003589 ) » 18.06 lb per hour. 

Heat content, inside air == 0 24 X 72 + 0.005174 (1069.2 -f 0.45 X 72) - 22,02.5 IHu 
per pound. 

Heat content, outside air * 0.24 X (-10) + 0.0003689 (1059.2 -h (0.45 X -10) ^ 
-2.021 Btu per pound. 

Btu added incident to the water per pound of dry air. 

(0 005174 - 0.0003589) (60 - 32) » 0 0867 Btu per pound. 

Heat requirement per hour « (22.925 - (—2 021 + 0.0867) X 3750 « 03,221 Btu. 


8 • Determine the amount of heat and water that must he extracted to coot 
3750 lb of air (weighed dry) from 95 F and 50 per cent relative humidity lo 50 F 
and 100 per cent relative humidity with a barometric pressure of 28*75 in* Ilg, 

Pressure of vapor in the mixture, outside air « 0.6 X 1.669 ■» 0.996 in. Ilg. 

Specific humidity, outside air - 0.622 
Specific humidity, inside air « 0.007626 lb. 

Weight of water to be extracted per hour « (0 0223 - 0.007626) X 3750 -* 55.03 lb. 

Heat content, outside air « 0 24 X 96 + 0.0223 (1059,2 + 0.45 X 95) 47.37 Btu 

per pound 

Heat content, inside air « 0.24 X 60 + 0.00764 (1059.2 + 0.46 X 50) - 20,26 Btu 
per pound. 

Heat to be extracted « (47.37 - 20.26) X 3750 « 101,602 Btu. 
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REFRIGERATION 


Classification of Systems^ Refrigerants, Mechanical Compression 
Systems, Theoretical Cycle, Refrigerating Effect per Pound, Coefficient 
of Performance, Steam Ejector System, System Characteristics, Closed 
Absorption Systems, Open Adsorption Systems, Reverse Cycle 


T he various types of refrigeration systems most commonly used for 
air conditioning purposes may be classified fundamentally as 
follows* 

1. Compression Systems 

a Mechanical — Reciprocating, Rotary, and Centnfugal 
b Ejector 

2. Absorption Systems 
a. Closed. 
b. Open. 

Of these, the mechanical systems are the most extensively used at the 
present time and will be given complete consideration in the following 
discussion. 

REFRIGERANTS 

The common refrigerants are volatile liquids which produce refrigera- 
tion by their evaporation under reduced pressure. Factors usually in- 
fluencing the choice of refrigerant are safety, chemical stability, operating 
pressures and adaptability for the type of system to be used. 

Of the six refrigerants whose properties are listed in Tables 1 to 6, 
ammonia, carbon dioxide, dichlorodifluoromethane (Fu) and methyl 
chloride are used in reciprocating and rotary mechanical compression 
systems. Monofluorotrichloromethane (Fn) and water are used in cen- 
trifugal compression systems. Water is used almost to the exclusion of 
other refrigerants in ejector systems. Closed absorption systems may use 
ammonia, methyl chloride, water, or others as the refrigerant. 

MECHANICAL REFRIGERATION SYSTEMS 

While the mechanical refrigeration systems differ in the methods used 
for compression of the refrigerant vapor, they are all fundamentally 
similar. Refrigerant vapor, usually saturated or slightly superheated, is 
drawn into a compressor (see Fig. 1). It is then compressed and dis- 
charged at a higher pressure to a condenser. The vapor is condensed as it 
contacts a heat transfer surface over which is flowing a cooling medium 
such as water, air or a combination of the two. The liquid refrigerant 
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Table L Properties of Ammonia 


Hbat Conthnt A.ND Kntropt Taken Fkom -41) F 


noat Content Entropy 100 F Super hent 200 F Hiii)erhmt 


Lwiiud Vapor Liquid Vapor lit Ct Entropy lit Ot Entropy 


30.42 
34.27 
38.51 
43.14 
48 21 
53 73 
59.74 
66 26 
73.32 
80.96 
89.19 
98 06 

107.60 
117 80 
128.80 
140.50 
153.00 
166.40 

180.60 
195.80 
211 90 
228 90 


0 02419 
0.02432 
0 02446 
0.02460 
0 02474 
0 02488 
0 02503 
0.02518 
0.02533 
0 02548 
0.02564 
0 02581 
0 02597 
0.02614 
0 02632 
0 02650 
0 02668 
0.02687 
0 02707 
0.02727 
0.02747 
0 02769 


611.8 0 

613 3 0. 

614 9 0 

616 3 0 

617 8 0. 
619.1 0 
620.5 0. 

621.7 0. 

623.0 0. 

624.1 0. 

625.2 0. 
626 3 0. 

627.3 0. 
628 2 0. 
629.1 0 
629 9 0. 

630.7 0. 

631.4 0. 
632.0 0. 

632 6 0. 

633 0 0. 

633.4 0. 


666 8 1 
668 9 1 
670 9 1 
673 0 1 
675 0 1 

677 0 1 

678 9 1 

6tS0 8 1 

682 7 1 
684 6 1 
686 4 1 
688 1 1 , 
689 9 1 
691 7 1, 
693 3 1, 
695 0 1 
696.6 1. 
698.2 1 
699 7 I 

701 2 1. 

702 7 I 
704 2 1 


,4439 720 3 
4339 722 7 
,4242 725 0 
4148 727.3 
4056 729 6 
3965 731.9 
3879 734.2 
3794 736.5 
3712 738 6 
3630 740 9 
3552 743.1 
3474 745.3 
3399 747.4 
3326 749.5 
3254 751 6 
3184 7.53.7 
3116 7.55 8 
3018 757 9 
2983 7.59.9 
2919 761 9 
28.55 763.8 
2793 765.7 


« - ~ 5 . * 1 3172 

V.V 


Sat 

Tbmp. 

F 

Abb 

PRBBS 
Lb pbb 
SqIn 

0 

305.5 

5 

332 0 

10 

360.2 

15 

390.0 

20 

421.8 

25 

455.3 

30 

490.8 

35 

529.3 

40 

567,8 

45 

609 6 

50 

653.6 

55 

700.0 

60 

748.6 

65 

799.8 

70 

853 4 

75 

909 7 

80 

968.7 

85 

1030 3 

87,8 

1069.9 

n » 

= 


Table 2. Properties of Carbon Dioxior 

„ Hbat Coniint and Entropt Takbn Frdm 40 F 

Voiitnii 

IloatContwit Entropy SO F yuiierlunit UK) F SuiKirhoat 
Liquid Vapor Liquid Vapor Liquid Vapor Ut. Cl I Entropy Ht. Ct. I Entropy 


) 0.29040 18.8 
! 0.26610 20,3 
t 0.24370 24 0 
' 0.22360 26 7 
i 0 20490 29 4 
) 0 18790 32.3 
I 0.17220 35.4 
! 0.15770 38.5 
' 0.14440 41.7 
i 0.13210 45.0 
1 0.12050 48 4 
0 10960 51.9 
I 0.09940 55.5 
0.08990 59 4 
0.08040 63 7 
0.07072 68 4 
0.06064 73 9 
0.05006 81.4 
0 03454 97.0 


► 0 04180. 
[ 0.0472 0 
' 0.05260. 
; 0 0581 0 
; 0.0638 0. 
0.0697 0. 
i 0.07580. 
1 0.0817 0 
0 08740. 
0.0935 0 
I 0.10000 
0.1062 0 
0.11350. 
0.12060. 
0.12820. 
0.1370 0. 
0.14760 
0.16680 
0.18800 


3024 153.7 
3000 153.7 
2970 153.7 
2939 153.7 
2909 153 7 
2879 153.7 
2849 153.7 
2813 153.7 
2776 153.7 
2739 153.7 
2699 153 7 
2656 153.7 
2608 153.7 
2554 153.7 
2487 153 7 
2404 153.7 
2304 153.7 
2169 153.7 
1880 153 7 


i 0.3612 
1 0.3582 
• 0.3550 
0.3517 
0.3489 
0.3464 
0.3441 
0.3415 
0,3391 
0.3365 
0.3342 
0.3320 
0.3297 
0.3277 
0.3257 
0.3237 
0.3220 
0.3204 
0.3199 
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flows to the evaporator through an expansion valve which reduces its 
pressure and regulates its flow. The evaporator absorbs heat from a 
medium which is to be cooled. When this medium is water or brine, the 
evaporator is known as a water or brine cooler and the refrigeration 
system, if used for air cooling, is known as an indirect system. When the 
medium cooled is air, the evaporator is known as a direct expansion 
cooler and the system is known as a direct expansion system. 

Fundamentally, the function of the system is to absorb heat at one 
temperature and pump it to a higher temperature, where it may be re- 
moved by an available cooling medium. In order to conserve refrigerant. 


Heat of Compression 



virtually all refrigeration systems are completely closed and the same 
refrigerant is recirculated. 

Theoretical Mechanical Refrigeration Cycle 

The complete mechanical refrigeration cycle may be illustrated on the 
temperature-entropy diagram, and also on the pressure-volume diagram 
both of which are shown in Fig. 2, 

Considering the theoretical cycle, saturated vapor is drawn into the 
compressor at a and compressed at constant entropy (adiabatically) and 
then delivered to the condenser at b. Condensation occurs at constant 
temperature from 6 to c with a contraction from the vapor to the 
liquid volume. The line cd represents cooling from the temperature of 
the condenser to that of the evaporator by an external cooling means. 
At the same time, the pressure is lowered to Pi. Evaporation then occurs 
from d to a at temperature Ti, completing the work cycle abcda.^ Since no 
external means of cooling the refrigerant liquid is normally avmlable, the 
cooling is generally accomplished by evaporation of a portion of the 
refrigerant. Since the work of expansion is usually used up as friction in 
the expansion valve, this process is carried on at constant total heat, as 
represented by the line ce on the temperature-entropy diagram. Thus 
the refrigerating effect is represented by an area" eagfe. While the normal 
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Table 3. Properties of DiCHLOROoiFLUOROMEniANE (F 12 ) 


Sat 

Abs 
Fbssb 
Lb fbb 
Sq In 

VOLUICB 


Heat Contbot and Enthopt Taken Fbom - 

10 F 


Taup 

P 



1 Heat Content 

1 Entropy 

1 25 F Superheat 

1 50 F Supoihmt 


Liquid 

Vapor 

Liquid 

Vapor 

Liquid 

Vapor 

HtCt 

Entropy 

Ut Ci 

Entropy 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

105 

110 

115 

120 

23 87 
26 51 
29 35 
32 44 
35 75 
39 33 
43 16 
47.28 
51 68 
56.38 
61 39 
66 74 
72 41 
78 44 
84.82 
91 60 
98 76 
106 40 
114 30 
122 80 
131 60 
140.90 
150.70 
161 00 
171.80 

0 0110 
0 0111 
0 0112 
0 0112 
0 0113 
0 0114 
0 0115 
0 0116 
0 0116 
0.0117 
0 0118 
0 0119 
0 0119 
0 0120 
0 0121 
0.0122 
0.0123 
0.0124 
0 0125 
0 0126 
0.0127 
0 0128 
0 0129 
0.0130 
0 0132 

1 637 
1 485 
1.351 

1 230 
1 121 

1 025 
0 939 
0 863 
0 792 
0 730 
0 673 
0 622 
0 575 
0 532 
0 493 
0 458 
0.425 
0 395 
0 368 
0.343 
0 319 
0.298 
0 277 
0.258 
0.240 

8.25 
9 32 

10 39 

11 48 

12 55 

13 66 

14 76 

15 88 

17 00 

18 14 

19 27 
20.41 
21.57 
22.72 

23.90 
25.08 
26.28 
27.48 
28.70 
29 93 

31.16 
32.40 
33 65 

34.90 

36.16 

78 21 

78 79 

79 36 
79 94 
80.49 
81 06 
81 61 
82 16 

82 71 
83.26 

83 78 

84.31 

84 82 

85.32 

85 82 

86.32 
86.80 
87.28 
87.74 

88 19 
88.62 

89 03 
89 43 
89 80 
90.15 

0 01869 
0 02097 
0 02328 
0 02556 
0.02783 
0 03008 
0 03233 
0 03458 
0 03680 
0 03904 
0 04126 
0.04348 
0 04568 
0.04789 
0.05009 
0.05229 
0.05446 
0 05665 
0.05882 
0 06100 
0 06316 
0.06534 
0 06749 
0.06965 
0 07180 

0.17091 
0 17052 
0 17015 
0 16981 
0 16949 
0 16920 
0 16887 
0.16860 
0 16833 
0.16808 
0.16785 
0 16763 
0 16741 
0 16721 
0.16701 
0 16681 
0.16662 
0 16644 
0.16624 
0.16604 
0 16584 
0 16564 
0 16542 
0.16520 
0 16495 

81.71 

82 29 
82.90 

83 49 

84 09 
84.67 

85 25 
85.83 
86,41 
86.96 
87.54 
88.09 
88.64 
89 18 

89.72 
90.25 
90.78 

91.27 
91.77 

92.27 
92.75 
93.24 
93.66 
94.07 
94.47 

0.17829 
0.17786 
0.17747 
0 17710 
0.17679 
0 1764.1 
0.17612 
0.17. S 82 
0 17. S . S 4 
0.17. S 28 
0 1750.1 
0.17482 
0.17458 
0.174.16 
0.17417 
0 17.197 
0.17379 
0.17361 
0.17.144 
0.17.12.1 
0.17.108 
0.17291 
0.17274 
0.172.1.1 
0.172.1.1 

85 26 
85.89 

86 51 

87 13 
87.76 

88.37 
88.97 
89 56 
90.16 
tX ).76 

91.38 
91 .93 

92 51 

93 11 
93.66 
94.23 
94.80 
95.33 
95.86 

96.39 

96.92 
97.46 

97.93 

98.40 
98.84 

0 18547 
0.18502 
0.18460 
0 18420 
0 18382 
0. 18, U 9 
0.18315 
0.18285 

0 18256 
0.18227 
0.18203 
0.18181 
0.18155 
0.18132 
0.18114 
0.18092 
0.18075 
0.18056 
0.18040 
0. J 8020 
0.18004 
0.17991 
0.17976 
0.17955 
0.17939 


« - - 7 ;^ - 1138at2SC 


Table 4 Properties op Water 


Sat 

Abs 
Pbbss. 
Lb per 
SqIn 

VonuNE 


Heat Oontsmt and Entrobt Taken From 

-.UF 


Temp 

F 



1 Heat Content 

1 Entropy 

1 50 F Superheat 

1 too F Superheat 


Liquid 

Vapor 

Liquid 

Vapor : 

Liquid 

Vapor 

HiOt. 

Entropy 

at at 

Entropy 

32 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

105 

0.0887 
0.1000 
0 1217 
0.1475 
0.1780 
0.2140 
0.2561 
0.3054 
0.3628 
0.4295 
0.507 
0.596 
0.698 
0.815 

0 949 

1 101 

0 01602 
0 01602 
0.01602 
0.01602 
0 01602 
0.01603 
0.01603 
0.01604 
0.01605 
0.01606 
0.01607 
0.01609 
0.01610 
0.01612 
0.01613 
0.01615 

3296.0 
2941 0 
2441 0 

2034.0 

1702.0 

1430.0 

1206.0 
1021.0 

868.0 

740.0 

632.9 
543.3 

467.9 

404.2 

350.3 

304.4 

0 00 
3.02 
8.05 

13.07 

18.08 

23.08 

28.08 
33.08 
38.07 
43 06 
48.05 
53,04 
58.03 
63.01 
68.00 
72.98 

1073.0 

1074.4 

1076.8 
1079 2 

1081.5 
1083 9 
1086.2 

1088.6 

1090.9 

1093.2 

1095.5 
1097.8 

1100.0 

1102.3 

1104.6 
1106 8 

0.0000 
0.0062 
0.0163 
0 0262 
0.0361 
0.0459 
0.0556 
0.0652 
0,0746 
0 0840 
0.0933 
0.1025 
0.1116 
0.1206 
0.1296 
0.1384 

2.1826 
2 1724 
2.1555 
2.1390 
2 1230 
2.1073 
2.0920 
2.0771 
2.0625 
2.0483 
2.0344 
2 0208 
2.0075 
1 9946 
1.9819 
1.9695 

1096.9 

1098.3 
1100.6 

1102.9 

1105.2 

1107.5 

1109.8 

1112.2 

1114.5 
1116.7 
1119.0 
1121,2 

1123.4 

1125.6 

1127.9 
1130.2 

2.2277 
2.2172 
2 2000 
2.1832 
2.1667 
2.1506 
2 1349 
2.1196 
2.1046 
2.0900 
2.0758 
2.0619 
2.0483 
2. 0350 
2.0220 
2.0093 

1120.8 

1122.2 

1124.5 

1126.7 

1129.0 

1131.3 

1133.5 

1135.8 

1138.1 

1140.3 

1142.5 

1144.7 

1146.8 

1148.9 

1151.1 

1153.2 

2.2688 

2.2581 

2.2406 

2.2234 

2.2066 

2.1902 

2,1742 

2.1585 

2.1432 

2.1283 

2.1138 

2.0996 

2.0857 

2.0721 

2.0588 

2.0458 


For properties of steam at high temperatures, see Page 23. 
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theoretical cycle starts with saturated vapor, operation is common at a 
condition of superheated vapor (as at ai). Moreover, expansion may 
start either with a mixture oniquid and vapor or with a sub-cooled liquid, 
as at Cif with expansion to €i It is obvious that this latter is desirable as 
it increases the refrigerating effect. Area aibicdaai represents the work of 
such a superheated cycle, while the area eiaig^fiei represents the refrigera- 
ting effect of the cycle with superheated vapor and sub-cooled refrigerant 
liquid. 

It will be noted on the pressure-volume diagram the volume of the 
saturated liquid is indicated by a dotted line close to and parallel to the 
ordinate. 

In the discussions in this chapter a slight error is introduced by not 
including all of the work of pumping the liquid from the low to the high 
pressure. This occurs because the liquid line is not a line of equal pressure 
but of saturation pressures. The error in work per pound of refrigerant 



Fig. 2. Theoretical Dichlorodifluoromethane (Fi2) Cycles 

figured from total heats, which should be added to the indicated figures is 
roughly the specific volume of the liquid at the lower pressure and teni- 
perature multiplied by the pressure difference in appropriate units. This 
error may become of some importance in calculations involving carbon 
dioxide or in problems involving the liquid of any of the refrigerants, as in 
figuring expansion valve orifices. 

Theoretical Work per Pound 

The temperature-entropy and pressure-volume diagrams are based on 
one pound of the refrigerant. Likewise, the theoretical work and the 
refrigerating effects are conveniently based on a pound of refrigerant. The 
compression work per pound may be found by several methods. 

The temperature-entropy method starts with state point a. Since the 
quality of a is known, the heat content of the vapor fZk is known, and also 
Ae entropy 5a. Since 5a == 5b and with r 2 given, Sb can be determined. 
If = work in foot-pounds per pound of rrfrigerant, then 

TF - (ilb - X 778 
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The pressure-volume method starts with state poiiil a, whoso pressure 
and specific volume are known. The work of compression is the adiabatic 
work of compression from Pi to Pi, plus tlie work of o.\pelIinpr the vapor 
at constant pressure Ps minus the external work ol evaporalion of the 
vapor to volume Vi at pressure Pi. 

B'. 8) 

It is frequently helpful to think of the compression of the vapor in 
terms of head. The head may be likened to a vertical colunui of vapor in 
which is located tJie vapor to be compressed. The compiession occurs 
when the vapor is moved down from a level correspontlinR to Pi to a new 
level corresponding to P*, in equilibrium with the surrounding vapor. If 
this process is carried on isentropically, the result will bo the same as 
indicated previously. Then if h is the head in feet, 

W <=11 (3) 

This relationship may easily be seen from the fact that a small tliffcreuce 
of head dh divided by the specific volume of the vapor V is oiiual to the 
increment of pressure difference dP. 



40 K 

2(K) K KutM'rhottt 
lU. Ct. I I'julrupy 


2.^7. 2 0.507 
25X.S 0.503 

240.0 0.5(H) 

241.0 0.408 

242.5 0.4% 
2MA) 0.4<M 

245.2 0.4% 

246.5 0.4% 

247.7 0.4% 
24<).l 0.4H8 

250.5 0.4H7 

251.7 0.486 

253.0 0.484 

254.3 0.483 

255. 5 0.481 

256.8 0.47<? 

257.0 0.478 

250.2 0.477 

260.4 0.476 

261.5 0.47S 

262.4 0.474 

263.3 0.473 

264.3 0.472 

265.0 0.470 

265.6 0.468 
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Table 6. Properties of Monofluorotrichloromethane (Fu) 


Sat 

Abb 
Fbbbs 
Lb FSB 
SqIn 

VoLtnci 


Hhat Content and Enteopt Tabsdn From 

-40 F 


Tbuf 

F 



1 Heat Content 

1 Entropy 

1 25 F Superheat 

1 50 F Superheat 


Liquid 

Vapor 

Liquid 

Vapor j 

Liquid 

Vapor 

Ht Ot 

Entropy 

Ht Ct 


0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

105 

2 59 
2.96 
3.38 

3 85 
4.36 
4.94 
5.57 
6.27 

7 03 
7.88 

8 79 

9 80 
10 90 
12.10 
13.40 
14.80 
16.30 

17.90 
19.70 
21.60 
23 60 

25.90 

0 01020 
0.01024 
0 01028 
0.01032 
0.01036 
0.01040 
0.01045 
0 01049 
0 01053 
0.01057 
0.01062 
0 01066 
0.01071 
0.01076 
0 01081 
0.01086 
0.01091 
0.01096 
0.01101 
0 01106 
0 01111 
0.01116 

13 700 
12.100 
10.700 
9.530 
8.490 
7.580 
6.770 

6 080 
5.460 
4.920 
4.440 

4 020 
3.640 
3.300 
3.000 
2.740 
2.500 
2.280 

2 090 
1.918 
1.761 
1.620 

7 81 
8.81 
9.82 
10 80 

11.90 

12 90 

13 90 

14.90 
16.00 
17.00 
18 10 
19.10 
20.20 
21 30 
22.40 
23.50 
24 50 
25.60 
26 70 
27.80 

28.90 
30 10 

90 4 

91 2! 

92.01 

92 8 

93.7 

94.5 

95 3 

96 1 

96.8 

97.6 
98.4 

99.2 
100.0 
100 8 
101 5 
102.2 
102.9 

103.6 

104.4 
105.1 

105.7 

106.4 

0 0178 
0 0200 
0.0222 
0 0243 
0.0264 
0.0286 
0 0307 
0.0328 
0.0349 
0.0370 
0 0391 
0.0412 
0.0432 
0 0453 
0.0473 
0.0493 
0.0513 
0.0533 
0.0553 
0.0573 
0.0593 
0.0613 

0 1975 
0 1974 
0.1973 
0.1971 
0 1970 
0.1969 
0.1969 
0 1968 
0.1968 
0.1967 
0.1967 
0.1967 
0.1967 
0.1967 
0.1967 
0.1967 
0.1966 
0.1966 
0.1966 
0.1966 
0.1965 
0.1965 

93 9 
94.7 
95.5 
96.3 
97.2 
98.0 

98 8 

99 6 

100 3 

101 1 

101.9 
102 7 

103.5 

104.3 

105.0 
105.7 

106.4 

107.1 

107.9 

108.6 

109.2 
109 9 

0.2049 
0.2047 
0.2045 
0.2043 
0.2041 
0.2039 
0.2038 
0.2037 
0.2036 
0 2035 
0.2034 
0 2033 
0.2033 
0.2032 
0 2032 
0 2031 
0 2030 
0.2029 
0.2028 
0.2028 
0.2027 
0.2026 

97.4 

98 2 
99.0 

99 8 

100.7 
101 5 

102.3 

103.1 

103 8 

104 6 

105.4 

106.2 

107.0 

107.8 

108.5 
109,2 

109.9 

110.6 

111.4 

112.1 
112.7 

113.4 

0.2120 
0 2117 
0.2114 
0.2111 
0.2109 
0.2107 
0.2105 
0.2103 
0.2101 
0.2099 
0.2098 
0.2097 
0.2096 

0 2094 
0.2093 
0.2092 
0.2090 
0.2089 
0.2088 
0.2087 
0.2085 
0.2084 


»I - - - 1 136 


Head is very useful in considering the performance of centrifugal com- 
pressors, whidi merely substitute a centrifugal for the gravity head. It 
is also useful in considering problems of fluid flow. In these problems, 
the head per degree can be obtained either by direct calculation or 
approximately by dividing the total head by the temperature difference 
T% — Ti, The velocity head loss can then be calculated in degrees, using 
the customary formula P = 2gA. 

Refrigerating Effect per Pound 

The refrigerating effect per pound is computed by the same method, 
regardless of the type of refrigeration system. The solution is indicated 
on the temperature-entropy diagram of Fig. 2. Assuming that the vapor 
leaving the evaporator is saturated, the refrigerating effect in Btu per 
pound is obtained by subtracting from the heat content of the vapor at 
temperature Ti, the heat content of the liquid at or if the liquid is 
sub-cooled, the liquid temperature. 

Thus, the refrigerating effect in Btu per pound is equal to 

Ha - fl-c - Ha ~ He (4) 

If the vapor entering the compressor is superheated or supersaturated, 
a correction in the heat of the vapor is made accordingly. 
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The unit of refrigeration is the ton, based on the latent heat of fusion 
of one ton of ice in 24 hours. 

Thus one ton = 200 Btu per minute = 12,000 Btu per hour. 
Coefficient of Performance 

The coefficient of performance of a refrigeration system is the ratio of 
the refrigerating effect to the work of compression, both expressed in the 
same units. 

The ideal or Carnot coefficient of performance depends upon the tem- 
peratures Ti and r 2 in much the same way as the ideal efficiency of a 
steam engine depends upon its working temperature, with an inverse 
relationship. 

Ideal C. of P. = (5) 

Evidently the smaller the compression range, the less power will be 
required to produce a given refrigerating effect. 


Table 7. Theoretical Comparison of Various Reprtc.erants'' 


RBrRIOEBANT 

WOBK 
PER Lb 
Ft Lb 

Equifa- 

LBNT 

Hbad Fi 

Gab 

T»mp 

LBAVZNa 

Coiip-F 

RavRiG 

ErFBCT 

pbrLb 

Lb pbr 
Min 
mToN 

CONFF 

Pbiifur 

(hl’LB 

Eff 

ran 

Ammonia., 

53,900 

63,900 

209 

489.8 

0.408 

7.0(; 

84.8 

Carbon Dioxide^— 

9,940 

9,940 

146 

64.0 

3.125 

5.00 

40.0 

Dichlorodifluoro- 
methane (Fw) 

6,280 

6,280 

184 

65.74 

3 638 

('>.90 

82.9 

Methyl Chloride 

16,500 

16,500 

183 

156.9 

1275 

7.38 

88.8 

Monofluorotnchloro- 

methane (Fn) 

7,050 

7,050 

101 

74.0 

2.605 

7.53 

90.4 

Waterc 

114,300 

114,300 

360 

1010.8 

0181 

(^85 

8 33 

82.3 

10(1,0 

Ideal (Carnot) 









•Evap Refng. Temp - 40 F Suction Vapor Temp. - 05 F. 

Cond Refng. Temp - 100 F. Liquid Temp - 08 F. 

Based on 1057 Ib per sq m (87 F) Condenser Pressure, and 85 F Liquid Temp<‘ratiue, 

oBased on 40 F Temperature 

The theoretical coefficient of performance of actual refrigerants is 
always less than the ideal due to the tendency of most refrigerants to 
superheat when compressed, and due to the heat of the liquid which must 
be removed. The cycle efficiency is the theoretical C. of P. divided by 
the ideal for the same temperatures. The cycle efficiency usually cliangos 
as the compression temperatures change. 

Comparative results of modified theoretical cycles of the refrigerants, 
are given in Table 7. 

Practical Cycle 

Fig. 3 illustrates the pressure-volume and temperature-entropy dia- 
grams for an actual cycle. These diagrams are based upon the com- 
pressor receiving vapor superheated and upon sub-cooling of the liquid 
going to the evaporator. The theoretical cycle is aibicciejai. However, 
the vapor during compression actually follows line ai&a due to superheating 
as a result of the inefficient work of compression. The theoretical work of 
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compression is aibicdai. Added to this is the area b%h-igxhib2 on the tem- 
perature-entropy diagram which represents the ineffiaent work of com- 
pression (assuming no compressor heat losses). The sum of these areas 
represents the total work of the compressor per pound of refrigerant, and 
the ratio of theoretical cycle work to the actual work represents the over- 
all efficiency. It should be noted that area aib^hai is considered as pai^t 
of the inefficient work and is commonly termed the superheat loss. The 
refrigerating eflFect per pound is the same for the practical as for the 
theoretical cycle, working with the same sub-cooling of liquid and super- 
heating of vapor, that is, area eiaigifieu 
Sources of loss which are usually recognized as reflected by the overall 



Fig 3. Practical Dichlorodipluoromethane (Fu) Cycles 


efficiency referring particularly to reciprocating and rotary systems, are 
as follows: 

1. The superheat loss 

2. A pressure loss to and from the cylinder of the compressor. 

(The line pressure drop between the compressor and the evaporator and condenser, 
respectively, is usually taken into account separately in the design of the refrigeration 
system ) 

3. Leakage loss through valves and past pistons is quite small in most compressors. 

4. With an oil soluble refrigerant, there may be an absorption loss due to absorption 
and re-evaporation of refrigerant m the oil of the cylinder. 

5. Mechanical losses are always present and are usually a large part of the total 


Reciprocating and rotary compressors always take in less vapor than 
that which corresponds to the displacement. The overall volumetric 
efficiency is the ratio of the suction vapor volume to the piston displace- 
ment. Part of this is the re-expansion volumetric efficiency which is the 
volume, at suction pressure, of the usefully re-expanded vapor which was 
in the clearance volume. This is expressed by the following equation: 


Volumetric Efficiency 



(6) 
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where 

Vc ^ clearance volume. 

Wd =* cylinder displacement volume. 

The balance of the overall volumetric efficiency is known as the super- 
heat volumetric efficiency even though it includes some other sources of 
capacity loss. 

The mechanical efficiency of a reciprocating and rotary compressor 
must be multiplied by the superheat volumetric efficiency to give the 
overall efficiency of the compressor. 

Eff.overail = X Mech. EfiF. = Super Vol Eff. X Mech. Eff. (7) 

vol. liiti.reexp* 

Normally, the volumetric efficiency of a compressor varies with the 


K 



Fig. 4. Steam Ejector Compression Refrigeration System 


ratio of compression, while the mechanical efficiency remains virtually 
fixed. Good standard practices for F12 compressors are: 


Low comp, patio = 2.5 to 1 
Vol eff.reexp* 94 to 96 per cent 

Vol. eff.8uper. 75 to 85 per cent 

Vol. eff.ovciail 70 to 81 per cent 

Mech. eff. 75 to 85 per cent 


High comp.' ratio » 5 to 1 
88 to 92 per cent 
73 to 77 per cent 
64 to 71 per cent 
76 to 85 per cent 


These values are for one ton or larger compressors. Part of the dif- 
ference expresses the change with capacity. With other refrigerants and 
other types of compressors there will be some further variation. 


Steam Elector Refrigeration System 

Fig. 4 is a diagrammatic representation of a typical steam ejector 
rrfrigeration system. Live saturated steam is supplied to a nozzle which 
dischai^es at a high vacuum into the steam ejector. The expansion of the 
steam imparts a tremendous velocity to it, which entrains vapor from a 
flash evaporator and compresses it with a conversion from velocity to 
static pressure. The mixture of vapor is then delivered to a condenser. 
The condensate is removed by suitable means, some of it being us^ in 
some cases to supply make-up water to the evaporator circuit. The con- 
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denser is maintained free of air by means of a suitable purge. This may 
take the forrn of a water ejector if only a small amount of air is to be 
removed, as in a completely closed system. If a larger capacity is re- 
quired, a two-stage purge is usually used, sometimes a combination steam 
and water and occasionally a two-stage steam purge. The vapor which is 
drawn from the evaporator is the result of spraying water which has been 
wanned by the cooling load into the flash evaporator. Evaporation of a 
part of this water occurs, which cools the remainder, which is then again 
returned to the cooling load to receive more heat. 

The performance of the steam ejector may be studied theoretically 
by the use of the temperature-entropy diagram, Fig. 6. Unlike its usual 
application, however, the amount of working fluid is different for one 
portion of the cycle than for the other. Dry saturated steam under high 



pressure, for example 100 lb per square inch gage, at a, is expanded 
through the nozzle of the steam ejector. With 100 per cent efficiency, the 
expansion would occur along isentropic line ab. Actually, however, most 
nozzles are only about 90 per cent efficient, the real expansion being along 
the line ab\. Since the exact path of the line ahi is not known, the work 
area is normally assumed by using the isentropic giving a work area ahgea. 
The velocity at the mouth of the nozzle may be determined in the usual 
manner using this area and the velocity coefficient of the nozzle 
At the evaporator pressure or slightly below, the vapor from the nozzle 
mixes with virtually dn^ saturated vapor from ^e evaporator. An impact 
loss also occurs at this point due to the mixture of vapors at different 
velocities. This results in bringing the state point of the mixture to c. 
Compression then occurs along the line cd^ the work of compression per 
pound being cdjgc. In computing the work area, however, the point c 
is not actually Ibiown. Therefore, the work area cidfgci is used in express- 
ing the efficiency of the ejector, the line cid being an isentropic. The 
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losses are expressed by nozzle efficiency, impact loss and diffuser efficiency. 
The* work of compression, however, is performed on the mass of the 
mixture. Thus, the available work is reduced in proportion to : 

M prim ary 
M mixture 

The impact loss is commonly determined from the formula * 

-fl^l^pninary + -^^^aecondary — -^l^mixture 0^) 



EVAPORATOR TEMPERATURE, F 
Performance Characteristics of Compression RuifRiGisRATioN 
Machines at Constant Speed 


Common efficiencies for commercial ejectors are: nozzle efficiency 
90 per cent, diffuser efficiency 60 to 70 per cent. Customary steam rates 
in pounds per ton are approximately as follows: 

Evaporator temp. 60 F Steam press 100 lb Steam press 12 lb 

Condenser temp 106 F Steam rate 80 lb per hour per ton Steam rate 46 lb per hour per ton 

Evaporator temp 40 F Steam press. 100 lb Steam press 12 lb 

Condenser temp 106 F Steam rate 40 lb per hour per ton Steam rate 70 lb per hour per ton 

The steam ejector uses large amounts of condenser water and steam, 
and therefore tlus system has relative advantages when large quantities 
of water and steam are available at reduced costs. Characteristic curves 
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show that the ejector performance is independent of condenser tempera- 
ture up to a certain temperature, depending upon the particular design, 
and above this temperature the ejector breaks and loses all capacity. 
(See also Chapter 11.) 

Characteristics of Compression Systems 

The different types of compression systems have quite different 
characteristics of capacity and power with varying evaporator tempera- 
ture and with varying condenser temperature, as will be seen from curves 
in Figs. 6 and 7. 

The capacity of the reciprocating and rotary compressor varies slowly 



Fig. 7 Performance Characteristics of Compression Refrigeration 
Machines at Constant Speed 

with a change of evaporator temperature, and the variance of power 
requirements, in the air conditioning range of operation, is small for a 
change of evaporator temperature. On the other hand, the capacity and 
power of the centrifugal machine vary rapidly, and the capacity of the 
steam ejector also varies considerably. Thus, both these latter types tend 
to be more nearly self-regulating than the reciprocating and rotary com- 
pression type. On the other hand, the operating range of the latter near 
standard capacity is superior. Although the dapacity of the reciprocating 
and rotary compressor is little affected by the condenser temperature, 
the power of the compressor is greatly affected, while the reverse is true 
for the centrifugal compressor. As previously indicated, the condenser 
temperature has no effect on the capacity of the steam ejector type of 
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compressor until a certain point is reached, beyond which the capacity is 
zero. The steam consumption for the performance characteristic curves 
shown in Figs, 6 and 7 remains constant for all evaporator and condenser 
temperatures. 

CLOSED ABSORPTION SYSTEMS 

Years ago the closed absorption system was in favor for industrial 
refrigeration and ice making. It is now of little commercial importance, 
however, except for very special applications (notably the gas-fired 
refrigerator). The most usual refngerant has been ammonia, and in some 
cases water has been used as an absorbent. However, a long list of 
refrigerant-absorbent combinations have been proposed and quite a 
number ‘have been tested, either experimentally or commercially. There 
are some commercial installations using a dry adsorber instead of a 
liquid absorber. 



Fig, 8. Closed Absorption System 


Fig. 8 shows^ a typical diagram of a closed absorption sysKntx. A 
mixture of refrigerant and absorbent is evaporated in the generator, 
passes to an euialyzer and rectifier where it is purified, and then to a con- 
denser where the refrigerant and remaining absorbent is condensed. It 
then passes through an expansion valve to an evaporator, where heal is 
ab^rbed from a cooling load. From the evaporator the vapor and 
residud absorbent passes to an absorber; where it meets absorbent which 
is initially low (weak) in refrigerant concentration. The absorbent 
absorbs the vapor, and the strong absorbent liquor is transferred to the 
generator through an interchanger with the weaJk liquor returning from 
the generator. 

Cooling water is ordinarily used in the absorber to remove the heat of 
absorption and maintain the absorptive power of the absorber at a 
maximum. 

Like the steam ejector system, the absorption system compares most 
ravorably when a cheap source of cooling water and steam or other heat 
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source is available. Unlike the ejector system, the comparative per- 
formance is usually best with a wide range of temperature between the 
evaporator and absorber, since with a good refrigerant-absorbent com- 
bination, the amount of heat and water required for a given refrigerating 
effect increases slowly with an increase of evaporator-condenser tem- 
perature range. 

There are innumerable variations on the arrangement shown in Fig. 8 
which include multiple absorption systems, parallel absorption systems, 
systems using inert gas to raise the pressure in the evaporator and ab- 
sorber to that of the condenser. 

OPEN ADSORPTION SYSTEMS 

For air conditioning installations, some experimental work and some 
commercial work has been done, using open adsorption refrigeration 
systems. The open liquid adsorption system is illustrated diagram- 


Unconditioned 



matically by Fig. 9. Air from the outside and from the conditioned space 
is drawn through an adsorbent spray which, with the air, is cooled by 
passing over water cooled surfaces. The adsorbent material adsorbs 
much of the water' vapor from the air. The cooling coil removes the heat 
of adsorption and may cool the air below entering temperature, if the 
water is cold. The dehumidified and partially cooled air is then passed to 
a humidifier where water- vapor is added with further cooling by evapora- 
tion. A bypass may be provided so that some of the dry air bypasses the 
humidifier in order to prevent the dew point of the mixture from rising 
too high. The air then passes through a fan and is delivered to the con- 
ditioned space. The adsorbent, rich in water vapor, is discharged through 
an interchanger to a regenerator, from which it again flows to the adsorber. 

The adsorbent materials most commonly considered are solids which 
are put into solution as brines (see also Chaptei; 11). The difficulty with 
most adsorbents is that their adsorptive power is not great enough to 
dehumidify the air sufficiently. Thus, they have to be used inefficiently 
or do an inadequate job of dehumidification. 

Fig. 10 is a diagrammatic representation of an open solid material 
adsorption system. The spray and cooling coil of the open adsorber is 

49 





American Society of Heating and Ventilating Engineers Guide, 1937 


replaced by a bed of adsorptive material and a separate water cooling coil, 
and a second section of adsorber must be provided for alternalc reactiva- 
tion while the first is adsorbing. A set of dampers or a rotary device must 
be arranged to connect the beds alternately to the air to be conditioned 
and to the hot gases for regeneration. Otherwise the liiiuid adwsorplion 
and solid adsorption systems are identical. 

The most efficient solid adsorption systems use some internal means of 
heating the adsorber bed before activation, and cooling it after activation, 
and other means may also be employed for improving the performance. 

These systems are especially affected by the temperature of the cooling 
water, since if the air leaving the cooling surface is at a higher temperature 
than the air entering, additional work must be done in the generator or 
activator in order to compensate for the extra sensible heat of the leaving 
air. On the other hand, if the leaving temperature is lower than the 
entering temperature, the reverse is true. When the cooling water 



Fig. 10. Open Soled Material Adsorption System 


temperature is low, similar economies may, however, be obtained with 
compression systems by the use of an air pre-cooling coil. 

From this discussion it may be seen that these systems function to best 
advantage on a high air temperature, and on one in which the initial 
moisture content is high. Thus the use of high room temperatures and 
comparatively large amounts of outside air are encouraged in connection 
with these systems. In order to offset the effect of high air temperature, 
some effort is made to keep the humidity lower than usual. The ratio of 
the heat input to the refrigerant output, where the temperature of the air 
entering and leaving the adsorber cooler is not widely different, may vary 
from 4 to 1 for some of the solid adsorption systems, to as low as 1.6 to 
1 for some of the liquid adsorption systems. 

THE BEVERSE CYCLE 

The idea of heating by the reverse refrigeration cycle has captured the 
imagination of m^y people and has been much discussed. In principle, 
heat is absorbed in an evaporator from some available source of heat, 
pumped to a higher temperature and delivered to a condenser. The heat 
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from the condenser is used for heating purposes. The compressor acts 
as a heat pump whose fundamental function is to raise the potential of 
the heat. The theoretical work of compression in relation to the heat 
delivered is* 

Ti - r. 


where 

Ti = absolute temperature of evaporator. 

Ti = absolute temperature of condenser. 

Thus, with a small spread of temperature between the evaporator and 
the condenser, 6 or 8 times as much heat may be obtained theoretically 
and 4 or 6 times practically, as the work put in. There are a number of 
limitations, however, the most serious of which is the lack of ready 
availability of a practical source of heat. 

1 Well water is the most desirable smce its temperature is high even in the winter 
and thus a large amount of heat may be removed m relation to the weight of water 
handled. 

2 Air may be used but its specific heat is low and its temperature uncertain. When 
the most heat is needed, the temperature of the air is lowest, thus resulting in the least 
favorable temperature combination. 

3 It has been proposed to obtain heat by freezing water, but this is still in the 
theoretical stage 

Some of the other factors which act as limitations are the large tem- 
perature spread when using air as a source of heat and when attempting to 
cool with even moderately low outside temperatures, the frequent dis- 
parity between the size of the cooling load and heating load requiring 
extra equipment for a complete heating load, and the relatively high 
initial cost of equipment at present available for the reverse cycle in 
comparison with that available for heating by conventional means. 

Because of these limitations, ihe present application of the system is 
largely limited to temperate climates, such as Florida and Southern 
California, or to heating only for intermediate seasons, or to other locali- 
ties which have peculiar advantages as, for instance, the ready avail- 
ability of well water. In these locations it is frequently possible to do all 
of the heating necessary with the refrigeration equipment so that the 
extra cost is only that of reversing the functions of the condenser and 
evaporator. 
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PROBLEMS IN PRACTICE 

1 • Dichlorodifluoromethane (F 12 ) at a Baturated temperature of 30 F but 
superheated 25 F to 55 F is compressed to a saturation temperature of 90 F with 
a compressor having an overall efficiency of 70 per coni. It leaves the con- 
denser sub-cooled 5 F* What is the: a. Work per pound; 6. Refrigerating 
effect; c. Pounds per minute per ton; d. Horsepower per ton; e. Ilcatrej^tcd 
to condenser neglecting radiation;/. Equivalent discharge temperature? 


m X X X 0.939 X [(gxD”" - ^ ] X -0.7( 


OOOO ft -lb 


(By Pressure — Volume Method) 

Check- (93.36 - 86 25) X ^ = 11 6 Btu per pound = 9000 It-lb (By Heat 
Content Method) 

h 95 25 — 27 48 = 57.77 Btu per pound. 


c. = 3 46 lb per minute per ton 


■^»»»xs|ras 


0 944 hp per ton 


t, 200 -(- 0 944 X 42 5 » 240 Btu per minute per ton. 

Check: Heat content leaving compressor = 85 25 -f 1 1 0 ^ 90.S5 
(96.85 — 27.48) 3.46 >= 240 Btu per minute per ton. 

/. Heat Content = 96.85. 

Pressure = 114.3 lb per square inch 
From Table 3, Temp. » 146 F. 

2 • If the velocity of vapor in the suction pipe is 50 fps and there ajr<‘) 10 vehK^ily 
heads lost between evaporator and compressor, what is the sat lira lion tem- 
perature at the evaporator? 

w 


h = 10 X 


(I)’ - 


388 ft head. 


Head per degree == (47 28 — 43 16) X 


1.863 + 0 792^^ 


9S.4 fl. 


Check: Hea.d per degree 


»«> X to" TO 


106 ft. (Approx^) 


Temperature ” gg 4 *" 34 F. 

3 • If the refiigerant is suh-cooled to 70 F, what is the effect onx a. Work per 
pound: h. Refrigerating effect; o. Horsepower per ton? 

o. No effect on work per pound. ' ' 

5. (86 25 - 23,90) » 61.35. 

61.36 - 67.77 - 3.58 Btu increase 


0.410 Art 

'= 6.2 per cent increase. 
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3 27 lb per minute per ton 


9000 X g g’gQQ = 0 891 hp per ton. 
0 944 — 0 891 = 0 053 hp decrease 
2-571 = 5 6 per cent decrease 


4 • What is the approximate change in capaci^ of the following of 

systems per degree at 40 Ft a. Reciprocating; b. Centrifugal; c. Ejector? 


a 2 5 per cent 5 3 0 per cent, c 7 5 per cent. 

5 • a. Which type of system will maintain the most uniform evaporator 

temperature with change of load? 

&• Which system will maintain the most uniform load with change of 
evaporator temperature? 

From Fig. 6 

а. Steam ejector 

б. Reciprocating and centrifugal. 

6 • a.‘ What is the vdlocity of steam expanding from 100 lb per square inch 
gage, saturated to 0.0178 lb per square inch absolute, corresponding to 50 F 
if the nozzle has an efficiency of 90 per cent? 

b. What is the velocity of the mixture of this steam with one-third the 
mass of entrained steam moving at 300 fps? 

o. V = V 778 X 2g X 0 9 X (1189 0 - 810.3) 

V = 4130 fps 

. , 3 X 4130 + 1 X 300 ^ 3^,2 fp,. 


7 • If air entering an open adsorption system at 80 F and 50 per cent relative 
humidity is dehumidified and cooled to a temperature of 90 F and 12 per cent 
rdiative humidity, how much air is cooled per ton of refrigeration andf what is 


Entering Con&iHons 
66.6 F WB. 

30.85 Btu Total Heat 
76 0 Grains per Pound 


Leaving Conditions 
59 1 F WB. 

25 59 Btu Total Heat 
24.5 Grains per Pound 


513 X (760 - 24 5) X 1044 
” 13.5 X 7000 


' 292.5 Btu. 


<513 X 0.2415 X 10\ 
C 13.5 J 


291.6 Btu. 


8 • If air entering an open adsorption system at 80 F and 50 per cent relative 
humidity is cooIm to 75 F and 12 per cent r^tive humidity, how much air is 
required per ton and what is the latent heat of the water which is absorbed? 


Entering Conditions 
66 6 F WB 
30 85 Btu Total Heat 
76.0 Grains per Pound 


Leaning Conditions 

50.3 F WB 

^.35 Btu Total Heat 

14.4 Grains per Pound 
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cfm 

L 


200 X 13 5 
(30 85 - 20.36) 


257 cfm per ton 




Check; L = 200 - ( 257_X_^ii><l^ ^ q 


9 • Why is it possible for a reversed cycle refrigeration unit to show a bolter 
performance in heating operation than when opera Ling during the cooling 
season? 

In normal use a refrigerating machine is arranged to remove heal and the hciit removed 
is thrown away. The driving energy is converted into heal, most ol which is added to 
the heat removed and is also thrown away. 

In the reversed refrigeration cycle the heat removed is not thrown away, but, together 
with the heat converted from the dnving energy, it is utilized to hciit the liuilding. 


10 # In a large ice plants for approiimately 147,000 Bin cqiiivulcnt input to the 
motor driving the axnmonia compressor a ton of ice is producc<l, in I lie pro- 
duction of which 288,000 Btu are removed from one ion of water uL 32 K lo 
transform it to ice at 32 F. Wha t is the ratio of the heat romove<l in I his process 
to the input of the motor? 

In this case the heat removed, or pumped from the water to the air is approximately 
1.96 times the heat equivalent of the input to the motor. 

11 • If the cycle is reversed in Question 10 and the heat is transferred <»r pumped 
from the air to the water, what is the ratio of the heat remove<l in the process 
to the motor input? 

In this case 2.96 Btu is put into the water for each Btu equivalent input to the motor, 
for the total heat put into the water now represents the heat pumped plus the he*it 
converted from the driving energy, or motor mput. 
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PHYSICAL AND PHYSIOLOGICAL PRINCIPLES 
OF Am CONDITIONING 


Vitiation of Air, Heat Regulation in Man, Effects of Heat, Effects of 
Cold and Temperature Changes^ Acclimatisation, Effective Tem- 
perature Index of Warmth, Optimum Air Conditions, Winter and 
Summer Comfort Zone, Optimum Humidity, Air Quality and 
Qwntity, Air Movement and Distribution, Natural and Mechanical 
Ventilation, Heat and Moisture Losses, Ultra-Violet Radiation 
and Ionisation, Recirculation and Osone, Ventilation Standards 

V ENTILATION is defined in part as “the process of supplying or 
removing air by natural or me^anical means to or from any space.” 
(See Chapter 44.) The word in itsdf implies qusuitity but not necessarily 
quality. ^ From the^ standpoint of comfort and health, however, the 
problem is now considered to be one of securing air of the proper quality 
rather than of supplying a given quantity. 

The term air condttiomng in its broadest sense implies control of any or 
all of the physical or chemical qualities of the air. More particularly, it 
includes the simultaneous control of temperature, humidity, movement, 
and purity of the air. The term is broad enough to embrace whatever 
other additional factors may be found desirable for maintaining the 
atmosphere of occupied spaces at a condition best suited to the physio- 
logical requirements of the human body. 

VITIATION OF Am 

Under the artificial conditions of indoor life, the air undergoes certain 
physical and chemical changes which are brought about by the occupants 
themselves. The oxygen content is somewhat reduced, and the carbon 
dioxide slightly increased by the respiratory processes. Organic matter, 
which is usually perceived as odors, comes from the nose, mouth, skin 
and clothing. The temperature of the air is increased, by the metabolic 
processes, and the humidity raised by the moisture emitted from the skin 
and lungs. There is also a marked decrease in both positive and negative 
ions in the air of occupied rooms but the significance of this factor is 
still questionable^. 

Contrary to old theories, the usual changes in oxygen and carbon 
dioxide are of no physiological concern because they are much too small 
even under the worst conditions. The amount of carbon dioxide in air is 


^Chanscs in Ionic Content in 0ccm>ied Rooms Ventilated, by Natural and Mechanical Methods, by 
C, P Yaglou, L C. Benjamin and S P Choate (A S H V E Tbansactions, Vol 37, 1931) 
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often used in ventilation work as an index of odors of human origin, but 
the information it affords rarely justifies the labor involved in making the 
observation^- \ Little is known of the identity and physiological ollects of 
the organic matter given off in the process of respiration. 1 ho former 
belief that the discomfort experienced in confined spaces was clue to some 
toxic volatile matter in the expired air is now limited, in the light of 
numerous researches, to the much less dogmatic view that the presence of 
such a substance has not been demonstrated. The only certain fac't is 
that expired and transpired air is odorous and offensive, and it is capable 
of producing loss of appetite and a disinclination for physical activity. 
These reasons, whether esthetic or physiological, call for the introduction 
of a certain minimum amount of clean outdoor air to dilute the odoriferous 
matter to a concentration which is not objectionable. 

A certain part of the dissemination of disease in confined spa('(‘s is 
caused by the emission of pathogenic bacteria from infected p<Tsons 
Droplets sprayed into the air in talking, coughing, sneezing, etc., do not 
all fall immediately to the ground within a few feet from the sourev, as it 
was formerly believed. The large droplets do, of course, but minute 
droplets less than 0.1 mm. in diameter evaporate to dryness before tlu^y 
fall the height of a man. Nuclear residues from such sources, which may 
contain infective organisms drift long distances with the air currents and 
the virus may remain alive long enough to be transmitted to other j^ersons 
in the same room or building. Wells^ recovered droplet nuclei from 
cultures of resistant micro-organisms a week after inoculation into a 
tight chamber of 300 cu ft capacity. Typical organisms of infections of 
the upper respiratory tract (pneumococcus type I, B, diphlheriae, Strej)- 
tococcus hemol 5 rticus, and Streptococcus viridans) were found to die 
out quite soon when exposed to light and air, and could be rccoverc^l from 
the air in small numbers only 48 hours after inoculation. Organisms 
typical of the intestinal tract (B. coli, B. typhosus, B. paralyphosus, 
A. and B. dysenteriae) were not recover^ 12 hours after inoculation. 

The significant factors in infection are believed to be the numbers of 
infective organisms encountered, the frequency of expovsure, and the 
resistance of the individual including the degree of acquired immunity. 
The probability of encountering a sufficient number of organisms to 
break down the natural body defense is related to the air space p(T person 
and the quantity of clean air supplied. Except in badly ventilated rooms, 
the danger is believed to be ‘'much contracted in space, limited in time 
and restricted to comparatively few diseases.^'® 

Practical possibilities in sterilizing air supplies by the use of ultra- 
violet light are now being studied®. 

The primary factors in air conditioning work, in the absence of any 
specific contaminating source, are temperature, radiation, drafts and 


indices of Air ChMg» and Air Distribution, by F C. Houghton and T. U Elarksluiw (A.S.n.V,K. 
TsANSacnoNS, Vol 39, 1933). 

WentilaUon Requirements, by C P. Yaglou, E. C RHey and D, I. Coggins (A.S.II.V.K. JotiRNAt. 
Section, Heaitng, Ptptng and Avr Condtttontng, January, 1030). ^ 

Infection and Samtary Air Control, by W. P. Wells, (Journal Industrial Hygiene, November, 

1935) 

Hygiene, by Milton J Roienaa (Otb edition, pp. 909-917, D. AppHon- 

„,„y»jihty of B Cob Exposed to Ultra-Violet Itadiation In Air, by W. F. Welh, and G, M. Fnir (SHtiua 
1935, 8x p 2o0). 
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body odors. As compared with these physical factors, the chemical 
factors are, as a general rule, of secondary importance. 


HEAT REGULATION IN MAN 


The importance of the thermal factors arises from the profound in- 
fluence which they exert upon body temperature, comfort and health. 
Body temperature depends on the balance between heat production and 
heat loss. The heat resulting from the combustion of food within the 
body maintains the body temperature well above that of the surrounding 
air- At the same time, heat is constantly lost from the body by radiation, 
conduction and evaporation. Since, under ordinary conditions, the body 
temperature is maintained at its normal level of about 98.6 F, the heat 
production must be balanced by the heat loss. In healthy persons this 
takes place automatically by the action of the heat regulating mechanism. 

According to the general view, special areas in the skin are sensitive to 
heat and cold. Nerve courses carry the sense impressions to the brain and 
the response comes back over another set of nerves, the motor nerves, to 
the musculature and to all the active tissues in the body, including the 
endocrine glands. In this way, a two-sided mechanism controls the body 
temperature by (1) regulation of internal heat production (chemical 
regulation), and (2) regulation of heat loss by means of automatic varia- 
tion in the rate of cutaneous circulation and the operation of the sweat 
glands (physical regulation). The mechanisms of adjustment are comply: 
and little understood at the present time. Coordination of these dif- 
ferent mechanisms seems to vary greatly with different air conditions. 

With rising air temperatures up to 75 F or 80 F, metabolism, or internal 
heat production, decreases slightly^, probably by an inhibitory action on 
heat producing organs, especiily the adrenal glands, which seem to exert 
the major influence on basic combustion processes in the body. The blood 
capillaries in the skin become dilated by reflex action of the vasomotor 
nerves, allowing more blood to flow into the skin, and thus increase its 
temperature and consequently its heat loss. The increase in peripheral 
circulation is at the expense of the internal organs. If this method of 
cooling is not in itself sufficient, the stimulus is extended to the sweat 
glands which allow water to pass through the surface of the skin, where it 
is evaporated. This method of cooling is the most effective of all, as long 
as the humidity of the air is sufficiently low to allow for evaporation. In 
high humidities, where the difference between the dew-point temperature 
of the air and body temperature is not sufficient to allow rapid evapora- 
tion, equally good results may be obtained by increasing the air move- 
ment, and hence the heat loss by conduction and evaporation. 

In cold environments, in order to keep the body warm there is an actual 
increase in metabolism brought about partly by voluntary muscular con- 
tractions (shivering) and partly by an involuntary reflex upon the heat 
producing organs. The surface blood vessels become constricted, and 
the blood supply to the skin is curtailed by vasomotor shifts to the internal 
organs in order to conserve body heat. The sweat glands become inactive. 


meat and Moisture I-osses from the Human Body and Their Relation to Air Conditiomng Problems, 
by F C. Houghten, W W. Teague, W E Miller and W. P Yant (A S H.V.E, Transactions, Vol. 86 
1989 ). 
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EFFECTS OF HEAT 

Although the human organism is capable of adapting itself to variations 
in environmental conditions, its ability to maintain heat equilibrium is 
limited. The upper limit of effective temperature to which the human 
organism is capable of adapting itself without serious discomfort or 
injury to health is 90 deg ET for men at rest and between 80 and 90 deg 
ET for men at work depending upon the rate of work. Within these 
limits a new equilibrium is established at a higher body temperature level 
through a chain of physiological adjustments. The heat regulating center 
fails, when the external temperature is so abnormally high that bodily 
heat cannot be eliminated as fast as it is produced. Part of it is retained 
in the body, causing a rise in skin and deep tissue temperature, an increase 
in the heart rate, and accelerated respiration. (See Table 1 ) In extreme 


Table 1 Physiological Responses to Heat of Men at Rest and at Work^ 


Emonyi 

Timp 

Actual 

Cbbxk 

ThMP 

Fahb) 

Min at Rkst 

Mrn at Work 

90,000 PT-Ln or Work pbr Hour 

Ruo in 

Temp 

Fahr per 
Hour) 

Increase 
m Pulse 
Rate 

(Boats per 
Min por 
Hour) 

Approximate 
Locum Body 
Weight by 
Porapiration 
(Lb per Hr) 

Total Work 
Accomplished 
(Pt-Lb) 

Rise in 
Bwly Temp 
(Dog Fahr 
per llr) 

Incrcaso in 
Pulse llat4) 
(Beats per 
Min per llr) 

Approximate 
IjOSs in Btxly 
Wt by Por- 
Rpiralion (Lb 
per Hr) 
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225,000 

0 0 

6 

0.5 



0 6 

6 

6.2 

225,000 

0 1 

7 

0.6 


96.1 

0 0 

0 

0 3 

209,000 

0 3 

11 

0,8 

85 

96.6 

0 1 

1 

0.4 

190,000 

0.6 

17 

1 1 

90 

97.0 

0 3 

4 

0 S 

153,000 

1.2 

31 

1 5 

95 

97 6 

0 9 

15 

0 9 

102,000 

2.3 

61 


100 

99 6 

2 2 

40 

1 7 

67,000 

4.0 

X()3b 


105 

104.7 

4 0 

83 

2 7 

49,000 

6.0b 



110 

— 

5 9b 

137b 

4.0b 

37,000 

8.5b 


mam 


«Data by A.S H V E. Research Laboratory. 

bComputed va'ue from exposures laatins less than one hour. 


heat, the metabolic rate is markedly increased owing to the exc'ossive rise 
in body temperature®, and a vicious cycle results which may cvcmlually 
lead to serious physiologic damage. 

Examples of this are met with in unusually hot summer w(‘athor and in 
hot industries where the radiant heal from hot objects renders heat loss 
from the body by radiation and convection impossible, (“onseciuently, 
the workers depend entirely on evaporation for the elimination of botly 
heat. They stream with perspiration and drink liquids abundantly to 
replace the loss. 

One of the deleterious effects of high temperatures is that the blood is 
diverted from the internal organs to the surface capillaries, in ordcT to 
serve in the process of cooling. This affects the stomach, heart, lungvS and 
other vital organs, and it is suggested that the feeling of lassitude and 
discomfort experienced is due in part to the ana?mic condition of llic brain. 
The stomach loses some of its power to act upon the food, owing to a 


JBasal MetAboUsm Before and After Exposure to High Tempcialurcs and Vaiious ITumlditH'S, )^y 
W J McConnell, C P Yaglou and W, li. Fulton (A.S H.V.E Transachons, Vol. 31, 11)215). 
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diminished secretion of gastric juice, and there is a corresponding loss in 
the anti^ptic and antifermentive action which favors the growth of 
bacteria in the intestinal tract^. These are considered to be the potent 
factors in the increased susceptibility to gastro-intestinal disorders in hot 
summer weather. The victim may lose appetite and suffer from indiges- 
tion, headache and general enervation, which may eventually lead to a 
premature old age. 

In warm atmospheres, particularly during physical work, a considerable 
amount of chloride is lost from Ae system through sweating. The loss of 
tJbiis substMce may lead to attacks of cramps, unless the Scdts are replaced 
in the drinking water. In order to relieve both cramps and fatigue, 
Moss^® recommends the addition of 6 grams of sodium chloride and 4 grams 
of potassium chloride to a gallon of water. 

The deleterious physiologic effects of high temperatures exert a power- 
ful influence upon physical activity, accidents, sickness and mortality. 
Both laboratory and field data show clearly that physical work in warm 
atmospheres is a great effort,^ and that production falls progressively as 
the temperature rises. The incidence of industrial accidents reaches a 
minimum at about 68 F, increasing above and below that temperature. 
Sickness and mortality rates increase progressively as the temperature 
rises. 

EFFECTS OF COLD AND TEMPERATURE CHANGES 

The action of cold on human beings is not well known. Cold affects the 
human organism in two ways : (1) through its action on the body as a 
whole, and (2) through its action on the mucous membranes of the upper 
respiratory tract. Little exact information is available on the latter. 

_On exposure to cold, the loss of heat is increased considerably and only 
within certain limits is compensation possible by increased heat produc- 
tion and decreased peripheral circulation. The rectal temperature often 
rises upon exposure to cold but the pulse rate and skin temperature fall. 
The blood pressure increases, owing to constriction in the peripheral 
vessels. Just how cold affects health is not well understood. It imposes 
an extra load upon the heat-produdng organs to maintain body tempera- 
ture. The strain falls largely upon digestion, metabolism, blood circu- 
lation, and the kidneys, and indirectly upon the nervous system^^. 

Although the seasonal increase in morbidity and mortality sets in with 
the approach of cold weather and subsides in the warm summer months, 
little is known of the specific causative factors and their mechanism of 
action. Over-crowding of buildings, overheated rooms, lack of venti- 
lation, and close personal contacts are frequently held responsible for our 
winter ills, but the evidence is not conclusive. 

In extremely cold atmospheres compensation by increased metabolism 
becomes inadequate. The body temperature falls and the reflex irritability 
of the spinal cord is markedly affected. The organism may finally pass 
into an unconscious state which ends in death. 


‘InEuence of Effective Temperature upon Bactenadal Action of Gastro-Intestinal Tract, by Arnold and 
Brody {Proceedings Socieiy Eacp Btol Med Vol 24, 1927, p 832) 

losome Effects of High Air Temperatures upon the Miner, by X. N. Moss {Transactions Institute of 
Mining Engineers, Vol 66, 1924, p 284) 

“Loc. Cit. Note 6 
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Cannon showed that excessive loss of heat is associated with increased 
activity of the adrenal mcdulla^^. The extra output of adreniii huvstens 
heat production which protects the organism against cooling. Bast^® 
found a degeneration of thyroid and adrenal glands upon exposure to cold. 

A moderate amount of variability in temperature is known to be 
beneficial to health, comfort, and the performance of phyvsical and mental 
work. On the other hand, extreme changes in temperature, such as those 
experienced in passing from a warm room to the cold air out-of-doors, 
appear to be harmful to the tissues of the nose and throat which arc the 
portals for the entry of respiratory diseases. 

Experiments show that chilling causes a constriction of the blood 
vessels of the palate, tonsils, throat, and nasal mucosa, which is accom- 
panied by a fall in the temperature of the tissues. On rewarming, the 
palate and throat do not always regain their normal temperature and 
blood supply. This anaemic condition favors bacterial activity and it 
probably plays a part in the disposition of common ('old and other 
respiratory diseases. It is believed that the lowered rcsistaiu'o is due to a 
diminution in the number and phagocytic activity of the leucocytes 
(white blood cells) brought about by exposure to cold and by changes 
in temperature. 

Sickness records in industries seem to strengthen this belief. The 
Industrial Fatigue Research Board of England^^ found that in workers 
exposed to high temperatures and to changes in tempcralunj, naiii(‘ly, 
steel melters, puddlers, and general laborers, there is an excess of all 
sickness, the excess among the puddlers being du(‘ chiefly to respiratory 
diseases and rheumatism. The causative factor was not the heat itself 
but the sudden changes in temperature to which the worker's were (‘xpostxl. 
The tin-plate millmen who wore not exposed to ('hills, since they work 
almost continuously throughout the shift, had no ex('(\ss of rh(‘iunatism 
and respiratory diseases. On the other hand, the blast -lurnac'cmcn, wlio 
work mostly in the open, showed more respiratory sickness lhan the aUvl 
workers. This experience in British factories is wc*ll in accord with the 
findings in American industries^®' According to these data the highest 
pneumonia death rate is associated with dust, extreme heat, exposure^ to 
cold, and to sudden changes in temperature. 


ACXJUMATIZATION 


Acclimatization and the factor of psychology are two important in- 
fluences in air conclitioning which cannot be ignored. The first is man's 
ability to adapt himself to changes in air conditions; the second is an 
intangible matter of habit and suggestion. 

Some persons regard the unnecessary endurance of cold as a virtue. 


Lennon, A, (rueri<lo, S. W. Uritton 


»^udic8 on the Condition of Activity oC Endocrine Glands, by W B. C:a 
and E M, Bnght (Anurtcan journal of f^hysMog^i Vol, 79, 1929, p. 400) 

LoS'oi”'* “• UniMlna Fatiiiu Rcuarch 

"""**** I’“e“nK.nta (HUUhUcal tMMn. 

wl J- J- Bloomllold. of 
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They believe that the human organism can adapt itself to a wide range of 
air conditions with no apparent discomfort or injury to health. In the 
light of the present knowledge of air conditioning these views are not 
justified. Acclimatization to extreme conditions involves a strain upon 
the heat regulating system and it interferes with the normal physiologic 
functions of the human body. Thousands of years in the heat of Africa 
do not seem to have acclimatized the Negro to a temperature averaging 
80 F. The same holds true of northern races with respect to cold, although 
the effects are mitigated by artificial control. All this seems to indicate 
that adaptation to an environment averaging between 60 and 80 F is a 
very primitive trait^^. 

Within these limits, however, there does occur a definite adaptation to 
external temperature level. People and animals raised under conditions 
of tropical moist heat have a lower rate of heat production than do those 
who grow up in cooler environments. This causes them to stand chilling 
poorly as they are unable to quickly increase internal combustion to keep 
up the body temperature. For this reason they have trouble standing 
the cold, stormy weather of the temperate zones, and when exposed to it 
are very susceptible to respiratory infections. Likewise, people living in 
cool climates suffer greatly in the moist heat of the tropics until their 
adrenal activity has slowed down. Within a couple of years, however, 
they find themselves standing the heat much better and disliking cold 
They become acclimated by a definite change in the combustion level 
within the body^^. 

In certain individuals the psychologic factor is more powerful than 
acclimatization. A fresh air fiend may suffer in a room with windows 
closed regardless of the quality of the air. As a matter of fact, instances 
are known in which paid subjects refused to stay in a windowless but 
properly conditioned experimental chamber because the atmosphere felt 
sufiocating to them upon entering the room. 

EFFECTIVE TEMPERATURE INDEX OF WARMTH 

Sensations of warmth or cold depend, not only on the temperature of 
the surrounding air as re^stered by a dry-bulb thermometer, but also 
upon the temperature indicated by a wet-bulb thermometer. Dry air at 
a relatively high temperature may feel cooler than air of considerably 
lower temperature with a high moisture content. Air motion makes any 
moderate condition feel cooler. 

On the other hand, in cold environments an increase in humidity 
produces a cooler sensation. The dividing line at which humidity has no 
effect upon warmth varies with the air velocity and is about 46 F (dry- 
bulb) for still air and about 61, 66 and 59 F for air velocities of 100, 300 
and 500 fpm, respectively. Radiation from cold or warm surfaces is 
another important factor under certain conditions. 

Combinations of temperature, humidity and air movement which 
induce the same feeling of warmth are called thermo-equivalent con- 


wQviliiatioii and Climate, by Ellsworth Huntington, Yale University Press, 1924 
*®Air Conditioning in its Relation to Human Welfare, by C. A Mills, M D (A S H V B, Transactions 
Vol 40, 1934) 
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ditions. A series of tests^®* 2^* 22 A.S.H.V.E. Research Labora- 
tory, Pittsburgh, established the equivalent conditions met with in 
general air conditioning work. This scale of thermo-equivalent conditions 
not only indicates the sensation of warmth, but also determines the 
physiological effects on the body induced by heat or cold. For this reason, 
it is called the effective temperature scale or index. 

Effective temperature is an empirically determined index of the degree 
of warmth perceived on exposure to different combinations of tempera- 
ture, humidity, and air movement. It was determined by trained subjects 
who compared the relative warmth of various air conditions in two ad- 
joining conditioned rooms by passing back and forth from one room to 
the other. 

Effective temperature is not in itself an index of comfort, except under 
ordinary humidity conditions (30 to 60 per cent) when the individual is 
least conscious of humidity. Moist air at a comparatively low tem- 
perature, and dry air at a higher temperature may each feel as warm as 
air of an intermediate temperature and humidity, but the comfort ex- 
penenced in the three air conditions would be different, although the 
effective temperature is the same. 

Air of proper warmth may, for instance, contain excessive water vapor, 
and in this way interfere with the normal physiologic loss of moisture 
from the skin, leading to damp skin and clothing and producing more or 
less discomfort; or the air may be excessively dry, producing appreciable 
discomfort to the mucous membrane of the nose and to the skin which 
dries up and becomes chapped from too rapid loss of moisture. 

The numerical value of the effective temperature index for any given 
air condition is fixed by the temperature of calm (15 to 25 fpm air move- 
ment) and saturated air which induces a sensation of warmth or cold like 
that of the given condition. Thus, any air condition has an effective 
temperature of 60 deg, for instance, when it induces a sensation of warmth 
like that experienced in calm air at 60 deg saturated with moisture. The 
effective temperature index cannot be measured directly but it is com- 
puted from the dry- and wet-bulb temperature and the velocity of air 
using charts (See Figs. 1 or 2, 3 and 4) or tables. The accuracy in esti- 
mating effective temperature is ±0.5 F, because the human organism 
cannot perceive smaller temperature differences. Therefore, there is no 
justification in trying to read chart values closer than 0.5 F, as this 
implies fictitious accuracy. 

The charts shown in Figs. 1, 2, 3 and 4 apply to average normal and 
healthy persons adapted to American living and working conditions. 
Application is limited to sedentary or light muscular activity, and to 
rooms heated by the usual American convection methods_ (warm air, 
central fan and direct hot water and steam heating systems) in which the 
difference between the air and wall surface temperatures may not be too 

i>Determining Lines of Equal Comfort, by F C Houghten and C P Yaglou (A S H V E Trans- 
ACllONS, Vol 29, 1023, p 361) 

^Cooling Effect on Human Beings by Various Air Veloatiea, by F C Houghten and C. P Yaglou 
(A S H V E. Transactions, Vol 30, 1924, p 193) 

^Effective Temperature with Clothing, by C P Yaglou and W. E. Miller (A S.H V E Trans- 
actions, Vol 31, 1925, p 89) 

^Effective Temperature for Persons Lightly Clothed and Working in Still Air, by F C Houghten, W W 
Teague and W E Miller (A S H V E Transactions, Vol 32, 1920) 
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great. The charts do not apply to rooms healed by radiant method such 
as British panel system, open coal fires and similar usages. 1'hey will 
probably not apply to races other than the white or perhaps to inhabitants 
of other countries where the living conditions, climate, heating methods, 
and clothing are materially dififerent than those of the subjects employed 
in experiments at the Research Laboratory. 



aiV AdO so QNnOd SSd SSaiSIOM JO SNIVSO 


In rooms in which the average wall surface temperature is considerably 
below or above air temperature, a correction must be applied to the 
readings of the dry-bulb thermometer to allow for such negative or 
positive radiation. In Fig. 6 is given the cooling effect of cold walls as 
determined at the A S.H.V.E. Research Laboratory®* by trained subjects 

“Cold Walla and Their Relation to the Feeling of Warmth, by F. C. Houghten and l»aul McDermott 
(A S n V E Transactions, Vol 39, 1903) 
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passing back and forth from a small experimental room having three cold 
walls, to a control room with walls and air at the same temperature. 

It can be seen in Fig. 5 that with air and walls at 70 F in the control 
(warm wall room), the cooling effect of three cold walls at 55 F of the 
experimental room was 4 F. Therefore, for the same feeling of warmth. 



the temperature in the experimental room should be increased to 74 F. 
The reverse would hold in rooms with high-wall surface temperature; a 
lower air temperature would be required to compensate for positive 
radiations to the occupants. 
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OPTIMUM AIR CONDITIONS 

No single comfort standard can be laid down which would meet every 
need. There is an inherent individual variation in the sensation of 
warmth or comfort felt by persons when exposed to an identical atmos- 
pheric condition. The state of health, age, sex, clothing, activity, and 



a IV Aaa jo oRTnod aaa aanisioi^ jo SNivao 


the degree of acquired adaptation seem to be the important factors 
affecting the comfort standards. 

Since the prolonged effects of temperature, humidity and air move- 
ment on health are not known to the same extent as their effects on com- 
fort, the optimum conditions for health may not be identical with those 
for comfort. On general physiologic grounds, however, the two do not 
differ greatly since this is in accordance with the efficient operation of the 
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heat regulating mechanism of the body. This belief is strengtJiened by 
results of studies on premature infants over a four-year period®^ By 
adjusting the temperature and humidity so as to stabilize the body tem- 
perature of these infants, the incidence of diarrhoea ^d mortality was 
decreased, gains in body weight increased and infections were reduced 
to a minimum. 

Winter Comfort Zone and Comfort Line 

In Fig. 6 is shown the AS.H.V.E. winter comfort zone which was 
determined experimentally with large groups of men and women subjects 
wearing customary indoor winter clothing. The extreme comfort zone 
includes conditions between 60 and 74 deg ET in which one or more of the 
experimental subjects were comfortable. The average comfort zone 



includes conditions between 63 and 71 deg ET conducive to comfort in 
50 per cent or more of the experimental subjects. The most popular 
effective temperature was found to be 66 deg, and was adopted by the 
Society^® as the winter comfort line for individuals at rest weanng custom- 
ary winter clothing. 

The comfort line separates the cool air conditions to its left from the 
warm air conditions to its right. Under the air conditions existing along 
or defined by the comfort line, the body is able to maintain thermal 


^Application of Air Conditioning to Premature in Hospitals, by C P Yaglou, PhiUp Dnnker 

and K^D. Blackfan (A S H V E Transactions, Vol 36, 1930). 

“How to Use the Effective Temperature Index and Comfort Charts (A S H V E Transact ions, 
Vol. 38, 1932) 
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Fig, 6. A S.H.V.E. Comfort Chart for Air Vblocitibs of 15 to 25 ffm 
(Still Air)w. ^ 
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j convection 
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ana the Uke, where the occupants become fully adapted to the artlfldal air con- 
3 houra ^ ^ ^ theatera, department stores, and the Uke where the exposure is less tlian 


equilibrium with its environment with the least conscious sensation to the 
individual, or with the minimum phsyiologic demand on the heat regulat- 
ing mechanism. This environment involves not only the condition of the 
air with respect to temperature and humidity, but also the condition of 
the surrounding objects and wall surfaces. The comfort zone tests were 


“Detenm^Uon of the Coirrfort Zone With Further Verification of Bflectlve Temperatures Within This 
Zone, by F C Houghten and C. P. Yaglou (A,S H V.E. TkansaCTions, Vol, 20, 1923, p. 301). 

/A Comfort Zo«: Chmate and Clothing, by C. P. Yaglou and Philip Drinker 

(A.S.H.V.E. Transactions, Vol. 36, 1929). 
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made in rooms with wall surface temperatures approximately the same as 
the room dry-bulb temperature. For walls of large area having unusually 
high or low surface temperatures, however, a somewhat lower or higher 
range of effective temperature is required to compensate for the increased 
gain or loss of heat to or from the body by radiation as shown in Fig. 5. 
(See also Chapter 38). 

The average winter comfort line (66 deg ET) applies to average 
American men and women living inside the broad geographic belt across 
the United States in which central heating of the convection type is 
generally used during four to eight months of the year. It does not apply 
to rooms heated by radiant energy, rooms with excessive glass area or 
rooms with poorly insulated or cold walls. Even in the warm south and 
southwestern climates, and in the very cold north-central climate of the 
United States, the comfort chart would probably have to be modified 
according to climate, living and working conditions, and the degree of 
acquired adaptation. 

In densely occupied spaces, such as classrooms, theaters and audi- 
toriums, somewhat lower temperatures may be necessary than those 
indicated by the comfort line on account of counter-radiation between the 
bodies of occupants in close proximity^®. 

The sensation of comfort, insofar as the physical environinent is con- 
cerned, is not absolute but varies considerably among certain individuals. 
Therefore, in applying the air conditions indicated by the comfort line, 
it should not be expected that all the occupants of a room will feel per- 
fectly comfortable. When the winter comfort line is applied in accordance 
with the foregoing recommendations, the majority of the occupants will 
be perfectly comfortable, but there will always be a few who would feel 
a bit too cool and a few a bit too warm. These individual differences among 
the minority should be counteracted by suitable clothing. 

Air conditions lying outside the average comfort zone but within the 
extreme comfort zone may be comfortable to certain persons. In other 
words, it is possible for half of the occupants of a room to be comfortable 
in air conditions outside the average comfort zone, but in the majority of 
cases, if not in all, these conditions will be well within the extreme comfort 
zone as determined experimentally. 

The comfort chart (Fig. 6) applies to adults between 20 and 70 years 
of age living in tiie northeastern parts of the United States. For pre- 
maturely born infants, the optimum temperature varies from 100 F to 
76 F, depending upon the stage of development. The optimum relative 
humidity for these infants is placed at 65 per cent®*. No data are yet 
available on the optimum air conditions for full term infants and young 
children up to scSiool age. Satisfactory air conditions for these age 
groups are assumed to vary from 76 F to 68 F with natural indoor humidi- 
ties. For school children, the studies of the New York State Commission 
on Ventilation place the optimum air conditions at 66 F to 68 F tempera- 
ture with a m^erate humidity (not specifi^) and a moderate but not 
excessive amount of air movement (not specifi^)**. 


«Loc. Cit, Note 27 
»I-oc. Cit. Note 24 

"Ventilation (Report N Y State Commission on Ventilation E P Dutton and Co , N Y., 1923) 
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Satisfactory comfort conditions for men at work are found to vary from 
40 deg to 70 deg ET, depending upon the rate of work and amount of 
clothing worn^i. In hot industries, 80 deg ET is considered the upper 
limit compatible with efficiency, and, whenever possible, this should be 
reduced to 70 deg ET or less. 

Summer Comfort Zones 

The summer comfort zone is much more difficult to fix than the winter 
zone owing to the complicating factor of sweating in warm weather. A 
given air condition which is comfortable for persons with dry skin and 
clothing may prove too cold for those perspiring, as is the case, for 
instance, with employees and customers in a cooled store, restaurant, or 
theater, on a warm summer day. The conditions to be niaintainecl in 
different types of public buildings depend to a large extent upon the oc- 
cupants* length of stay and upon the prevailing outdoor condition. 

In Fig. 6 IS shown the summer comfort zone for exposur(‘wS of 3 hours or 
more, after adaptation has taken place. The average zone c.xtcnds from 
66 to 75 deg ET, with a comfort line at 71 deg ET, as determiiuxl at the 
Harvard School of Public Health®^. These effective temperat ures average 
about 4 deg higher than those found in winter when customary winter 
clothing was worn. The variation from winter to wsummer is probal )Iy due 
partly to adaptation to seasonal weather and partly to differences in the 
clothing worn in the two seasons. 

The best effective temperature (for exposures lasting 3 hours or more) 
was found to follow the average monthly outdoor temperature more 
closely than the prevailing outdoor temperature. It remained at approxi- 
mately the same value in July, August and September, and although the 
average monthly temperature did not vary much, the i)revaiHng outdoor 
temperature ranged from 70 F to 99.5 F. A decrease* in the optimum 
temperature became apparent only when the prevailing outdoor t(*mp(*ra- 
ture fell to 66 F, which is below the customary room temi)eralure in the 
United States for summer and winter. 

Crowding the experimental chamber lowered the comfortable effective 
temperature from 70.8 deg when the gross floor area per occupant was 
44 sq ft and the air space 380 cu ft, to 09.4 deg when the floor area was 
reduced to 14 sq ft and the air space to 120 cu ft per occupant. 

The basic summer comfort zone, shown in Fig. 0 has more academic 
than practical significance. It prescribes conditions of choice for con- 
tinuous exposures, as in homes, offices, etc., without regard to costs, 
prevailing outdoor air conditions, and temperature contrasts upon 
entering or leaving the cooled space. A great number of persons s<‘om to 
be content with a higher plane of indoor temperature, particularly when 
the matter jof first cost and cost of operation of the cooling plant is given 
due consideration. 

According to previous investigations®®, an indoor temperature of about 
80 F with relative humidities below 55 per cent, or 74.5 deg ET and lower, 
result in satisfactory comfort conditions in the living quarters of a residence. 


«Loc Cit Note 22 
»Loc. Cit Note 27 


“Study of Summer Coding m the Research Residence for the Summer of lOlM. by A. R. Krat/, S, Koiwo, 
M. K Fahnestock and E L, Eroderick (AS.IIVK. Journai- Sechon, Heating, Piping and Air Can- 
dUiontng, January. 1035) 
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and while this condition is not representative of optimum comfort it 
provides for sufficient relief in hot weather to be acceptable to the majority 
of users. Experience in a number of air conditioned office buildings, 
including the New Metropolitan Life Building in New York®^, indicates 
that a temperature of about 80 F with a relative humidity between 45 and 
56 per cent (73 to 74.5 deg ET) is generally satisfactory in meeting the 
requirements of the employees. 

In artificially cooled theaters, restaurants, and other public buildings 
where the period of occupancy is short, the contrast between outdoor and 
indoor air conditions becomes the deciding factor in regard to the tem- 
perature and humidity to be maintained. The object of cooling such 
places in the summer is to provide sufficient relief from the heat without 
causing sensations of chill or intense heat on entering and leaving the 
building. 


Table 2 Desirable Indoor Air Conditions in Summer Corresponding 
TO Outdoor Temperatures 
Applicable to Exposures Less Than S Hours 


OUTDOOB TnMPBRATintB 
(Dbq Fahr) 

Indoor Air CoNomoNS 



CoNsrANT Drw-Point 57 P 

Drt-Btjlb 

Epraemva Tmip 





Dat-Bulb^ 

WsT-BTiiaa 

95 

73 

80.0 

65 0 

90 

72 1 

78 0 

64 5 

85 

71 1 

76 5 

64 0 

80 

70 

75.0 

63 5 

75 

69 

73 5 

63 0 

70 

68 

72 0 

62 5 


aDry- and wefc-bulb readings give the corresponding effective temperatures indicated in the adjacent 
column Recent research (Comtort Standards for Summer Air Conditioning, by F C Houghten and Carl 
Gutberlet, A S H V E Journal Section, Heattng, Ptptng and Atr Condtttontng^ November, 1935, and 
Cooling Requiiements for Summer Air Conditiomng, by F C Houghten, F E Giesecke, Cynl Tasker and 
Carl Gutberlet, A S H V E Journal Section, Healwg, Ptptng and Atr Condtitontng, December, 1936), 
indicates that the effective temperature only is important from a standpoint of comfort and that the dry- 
and wet-bulb temperatures may vary over a considerable range if the proper effective temperature is 
maintained 

Effective temperatures as high as 75 F at times have been found satis- 
factory in very warm weather. There are two schools of thought con- 
cerning the relation between temperature and humidity to be maintained. 
For a given effective temperature some engineers including the operators 
of cooling plants favor a comparatively low temperature with a high 
humidity as this results in a reduction of refrigeration requirements. 
Preliminary experiments at the A.S.H.V.E. Laboratories®® would seein to 
indicate no appreciable impairment of comfort with relative humidities 
as high as 80 per cent, provided the effective temperature' is between 
70 and 75 deg. 

The second school favors a higher dry-bulb temperature, according to 
the prevailing outdoor dry-bulb, with a comparatively low humidity 
(well below 50 per cent) ; the main purpose being to reduce temperature 


wThe Air Conditioned System of the New Metropolitan Building— First Summer’s Eicpenence, by W. J 
McConnell and I B Kagey (A S H V E Transactions, Vol 40, 1934) 

“Comfort Standards for S umm er Air Conditiomng, by F C Houghten and Carl Gutberlet (A S H V E 
Journal Section, IXealmg, Ptptng and A ir Condtitontng, November, 1936) 
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contrasts upon entering and leaving the cooled space and to keep 
clothing cind skin dry. This second scheme requires more refrigeration 
with the present conventional type of apparatus. 

Current practice in theaters, restaurants, etc., follows a sc'hedule 
similar to that shown in Table 2 This schedule has been the subject of 
much discussion and criticism but so far no satisfactory substitute has 
been offered. It is, in fact questionable whether entirely satisfactory air 
conditions co^uld be adduced for practical use to meet the changing 
requirements of patrons from the time they enter to the lime they leave a 
cooled space. Too many uncontrollable variables enter into the problem. 
Work now going on at the A.vS.H.V.E. Laboratories and other interested 
institutions may throw considerable light on this complex problem. 

For cooled banks and stores where the customers come and go spending 
but a few minutes in the cooled space, observations®® indicate a schedule 
about 1 deg dry-bulb or effective temperature higher than that shown in 
Table 2. Laboratory experiments with exposures of 2 to 10 min indicate 
temperatures 2 to 10 F higher than those in Table 2 but with mui'h lower 
relative humidities. 

It should be kept in mind that southern people, with th(‘ir more sluggish 
heat production and lack of adaptability, will demand a comfoi L zone 
several degrees higher than that for the more active people of northern 
climates. Instead of the summer comfort line standing at 71 deg as hcTC 
given, it was found to be much higher for foreigners in wShangliai whore 
climatic conditions are similar to those of our gulf states. This ditTercmce 
in adaptability of people forms a very real problem for air conditioning 
engineers. Cooling of theaters, restaurants, and other public buildings in 
southern climates cannot be based on northern standards without con- 
siderable modification. 


Optimum Humidity 

Just what the optimum range of humidity is, is a matter of conjecture. 
There seems to exist a general opinion, supported by some experimental 
and statistical data, that warm, dry air is less pleavsant than air of a 
moderate humidity, and that it dries up the mucous meinbrancs in such 
a way as to increase susceptibility to colds and other n»spiralory dis- 
orders Owing to the cooling effect of evaporation, higher Lcin- 

peratures are necessary, and this condition may lead to discomfort and 
lassitude. Moist air, on the other hand, interferes with the normal 
evaporation of moisture from the skin, and again may cause a feeling of 
oppression and lassitude, especially when the temperature is also high. 
For the premature infant, a high relative humidity of about 66 per cent is 
demonstrably beneficial to health and growth^® until the infants reach a 


"How Cool? Inside Temperature should Depend upon Type of Occupancy, by J. II. Walker {Uiotim 
and VentHaUng, October, 1932) 

wRwetions of the Nasal Ca'^dty and Post^Nasal Space to Chilling of the Body Surface, by Mudd, Stuart, 
et al iJowmal Experimental Medtane, 1921, Vol. 34, p. 11). 

"Redons of the Nasal Cawty and Post-Nasal Space to Chilling of the Body Surfaces, by A. Goldman, 
et ^ Md Concurrent Study of Bacteriology of Nose and Throat (Journal It^eaious Diseases, 1021, Vol. 29. 
P lol) 


rx* fThe Etiology of Acute In^mmatioaa of the Nose. Pharynx and Tonsils, by Mudd, Stuart, et ul (Am 
Otol , Rhmol, .and Laryngol., 1921). 

^<1,00 Cit. Note 24 
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weight of about 5 lb. No such clear-cut evidence exists in the case of 
adult persons. In the comfort zone experiments of the A.S.H.V.E. 
Research Laboratory, the relative humidity was varied between the 
limits of 30 and 70 per cent approximately, but the most comfortable 
range has not been determined. In similar experiments at the Harvard 
School of Public Health, the majority of the subjects were unable to 
detect sensations of humidity {i.e,, too high, too low, or medium) when 
the relative humidity was between 30 per cent and 60 per cent with 
ordinary room temperatures. This is in accord with studies by Howell^S 
Miura^® and others. 

The limitation of the comfort zones in Fig. 6 with respect to humidity 
must not be taken too seriously. Relative humidities below 30 per cent 
may prove satisfactoiy from the standpoint of comfort, so long as ex- 
tremely low humidities are avoided. From the standpoint of health, 
however, the consensus seems to favor a relative humidity between 40 and 
60 per cent In mild weather such comparatively high relative humidi- 
ties are entirely feasible, but in cold or sub-freezing weather they are 
objectionable on account of condensation and frosting on the windows. 
They may even cause serious damage to certain building materials of the 
exposed walls by condensation and freezing of the moisture accumulating 
inside these materials. Unless special precautions are taken to properly 
insulate the affected surfaces, it will be necessary to reduce the degree of 
artificial humidification in sub-freezing weather to less than 40 per cent, 
according to the outdoor temperature. Information on the prevention of 
condensation on building surfaces is given in Chapter 7. The principles 
underlying humidity requirements and limitations are discussed more 
fully elsewhere^. 

The purpose of artificial humidification may be easily defeated by 
failure to change the spray water of the humidifier at least daily. Where 
this condition occurs, the air is characterized by a lack of freshness, and 
under extreme conditions by a musty sour odor in the conditioned space. 

AIR QUAUTY AND QUANTITY 

Air Quality 

In occupied spaces in which the vitiation is entirely of human origin, 
the chemical composition of the air, the dust, and often the bacteria con- 
tent may be dismissed from consideration so that the problem consists in 
maintaining a suitable temperature with a moderate humidity, and in 
keeping the atmosphere free from objectionable odors. Such unpleasant 
odors, human or otherwise, can be easily detected by persons entering the 
room from clean, odorless air. 

In industrial rooms where the primary consideration is the control of 
air pollution (dusts, fumes, gases, etc.), or contamination not removable 
at die source of production, the clean air supply must be sufficient to 
dilute the polluting elements to a concentration below the physiological 
threshold (See Chapters 15 and 16). 


41 Humidity and Comfort, by W H. Howell (The Saence Press, April, 1981). 

^Effect of Variation m Relative Huimdity upon Skm Temperature and Sense of Comfort, by U Mluia 
(Amertcan Journal of Hygiene, Vol 13, 1931, p 482). 

4*Humidifiication for Residences, by A. P. Kratz (Untverstiy of lUinots Engineering Experiment Station 
Btdleten No 230. July 28, 1931) 
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Air Quantity 

The air supply to occupied spaces must always be aclcciualc to satisfy 
the physiological requirements of the occupants. It must be sufiicicnl to 
maintain the desired temperature, humidity, and purity with reasonable 
uniformity and without drafts. In many practical instances there are 
two air quantities to be considered, (a) outdoor air supply, and (b) total 
air supply. The difference between the two gives the ainoimt oi air to 1)q 
recirculated. 

Table 3 Minimum Outdoor Air Requirements to Remove Obiicctionaulk 

Body Odors 

{Provtszond values subject to revision upon completion oj work) 

m OuTixtoun Am Supply 
I'’t OEM I*BU PHItHOK 


Heating season mth or without recirculation Air not tonditionvd 

100 25 

200 10 

300 12 

500 7 

200 23 

100 20 

200 21 

300 17 

500 1 1 

2(K) 3H 

2(K) 18 

100 22 

HeaHng season. Air humidified by means of centrifugal huinidifur. Water 
atomization rate 8 to 10 gph Total air cfiftiUatwn HO tfni per penon. 

Sedentary Adults 200 | 12 

Summer season. Air cooled and dehimidijied by means of a spray deUumidiJier. 
Spray water changed daily Total air cirdilalion HO (pn per person. 

Sedentary Adults | 2(K) j -<*1 

ttimpitasions upon enienng room irom relatively clean uli at Ihrcaholfl txlor Inicurtilv. 

When the only sourw of contamination is tlu* oct'upiuil, the* nhiiimura 
quantity of outdoor air needed appears to bo that nm'Hsmy to ri'inove 
objectionable body odors, or tobacco smoke. The eoncentralion of body 
odor in a room, in turn, depends upon a number of factors, including 
socio-economic status of occupants, outdoor air supply, air space allowed 
per person, odor adsorbing capacity of air contlilioiiirig proccshcs, tem- 
perature, and other factors of scconda^ importance'. VVith any given 
grouf) of occupants and type of air conditioner the intensity of body oelor 
perceived upon entering a room from relatively clean air was found to 
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Sedentary adults of average socio-economic status . 
Sedentary adults of average socio-economic status .. 
Sedentary adults of average socio-economic status 
Sedentary adults of average socio-economic status 

Laborers 

Grade school children of average class 

Grade school children of average class 

Grade school children of average class 

Grade school children of average class 

Grade school children of poor class 

Grade school children of better class 

Grade school children of best class 


Typb of Occupants 


Aiii Sp\('M 1 
Pkuhon (III 
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vary inversely with the logarithm of outdoor air supply and the logarithm 
of the air space allowed per person. 

The minimum outdoor air supply necessary to remove objectionable 

body odors under various conditions, as determined experimentally at the 

Harvard School of Public Health^, is givfen in Table 3. 

Outdoor air requirements for the removal of objectionable tobacco 
smoke odors have yet to be determined. Practical values in the field vary 
from 5 to 15 cfm per person; this air quantity may and should be a part 



RATE OF AIR SUPPLY 
CUBIC FEET PER MINUTE PER OCCUPANT 

Fig 7 Relation Among Rate of Air Change per Occupant, Moisture Content 
OF Enclosure, and Dry-Bulb Temperature of Incoming Air 

of that necessary for other requirements, i.e., removal of body odors, heat, 
moisture, etc. 

The total quantity of air to be circulated through an enclosure is 
governed largely by the needs for controlling temperature and air dis- 
tribution when either heating or cooling is required. The factors which 
determine total air quantity include the type and nature of the building, 
locality, climate, height or rooms, floor area, window area, extent of 
occupancy, and last but not least, the method of distribution. 

Serious difficulties are often encountered in attempting to cool a room 


«Loc. Cit Note 3, 
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with a poor distribution system or with an air supply which is loo small to 
result in uniform distribution without drafts. Some systems of distrilm- 
tion produce drafts with but a few degrees temperature rise, while other 
systems operate successfully with a temperature rise UvS high as 36 F. 
The total air quantity introduced m any particular case is inversely pro- 
portional to the temperature rise, and depends largely upon the judgment 
and ingenuity of the engineer in designing the most suitable system for the 
particular conditions. 

The changes in moisture content resulting from occupation m the 
atmosphere of a room supplied with various volumes of outside air is 
shown in Fig. 7. Data are given for an adult, 5 ft 8 in in height, weighing 
150 lb. and having a body surface of 19.6 sq ft and ior a child, 12 years of 
age, 4 ft 7 in. in height weighing 76.6 lb and having a body surface area 
of 12.6 sq ft. Also given m Fig. 7 is the temperature of incoming air 
necessary to maintain a room temperature of either 70 of 80 F as indicated 
assuming that there is no heal gain or loss to the room by transmission 
through the walls, solar radiation or other sources 


Am MOVEMENT AND DISTRIBUTION 

Stagnant warm air, not matter how pure, is not stimulating and it 
detracts to some extent from the quality of air. Experience, and rei'ent 
field studies by the A.S H.V.E. Research Laboratory^® place tlu^ closirablc 
air movement between 15 and 25 fpm under ordinary room IcmpcTatures 
during the heating season. Objectionable drafts arc likely to occur when 
the velocity of the air current is 40 fpm and the temperature of the air 
current 2 F or more below the customary winter room tcmjierature. 
Higher velocities are not objectionable in the summer time when the air 
temperature exceeds 80 F. Variations in air movement and tempcTature 
in different parts of occupied rooms are often indicative of relative air 
distribution. The work of the A.S.H.V.E. Research Laboratory indicates 
that an air movement between 15 and 26 fpm with a temperatun* variation 
of 3 F or less in different parts of a room, 36 in. aliove floor, insure satis- 
factory distribution. Considerable evidence was obtained in tliese tests 
to show that measurements of carbon dioxide are not* essential for tlie 
study of air distribution, or for indirect measurcmoals of outdoor air 
supply, which can be obtained more conveniently from the increase in 
moisture content of the ventilating current. 


HEAT AND MOISTURE. GIVEN UP BY HUMAN BODY 


In conditioning air for comfort and health it is necessary to know the 
rate of sensible and latent heat liberation, from the human body, which in 
conjunction with other heat loads (sec Chapters 6 and 7) clotermino the 
conditioner. The data in common use are those of the 
A.S H.V.E. Research Laboratory'^® shown in Figs. 8, 9, 10 and 11, Other 
useful data are given in Tables 4, 5 and 0, which arc scdf-explanalory. 


<«Cla8^pmDiufl8inReIationioEnterinfi;AirStredmTcmni*nituri‘. hy K. (!. ircmaliton ft fl Trimble 
July, ^935” Lichtenfela (A.S.H V E Journai. Suction, luJtng, Ptfifngand hr fw/ 

<«Thcrml Excl^naea between Uie Bodies of Men Workinn and tlie AtmosnheiU* ICnvlrouimmt. by K. C. 
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Table 4. Relation Between Metabolic Rate and Activity^ 


AcmriTT 

Hourlt Mstv.- 
BOLic Rath fob 
AvG FbBSON OB 
Total Hhat 
Disbipatbd, 
Btu peh Hour 

Hourly 

Sbnsiblb 

Hbat 

Dissipated, 
Btu per 
Hour 

Hourly 

Latent 

Heat 

Dissipated, 
Btu per 
Hour 

Moisture Dissipated, 
PER Hour 

Grains 

Lb 

Average Person Seated at Rest^ 

384 

225 

159 

1070 

0 153 

Average Person Standing at Rest^ 

431 

225 

206 

1390 

0 199 

Tailor* 

482 

225 

257 

1740 

0 248 

Office Worker Moderately Active 

490 

225 

265 

1790 

0 266 

Clerk, Moderately Active, 






Standing at Counter 

600 

225 

376 

2530 

0 362 

Book Binder* 

626 

225 

401 

2710 

0 387 

Shoe Maker*; Clerk, Very Active 






Standing at Counter 

661 

225 

436 

2940 

0 420 

Pool Player 

680 

230 

450 

3040 

0 434 

Walking 2 mph*. Light 






Dancing 

761 

250 

511 

3450 

0 493 

Metal Worker* 

862 

277 

585 

3950 

0 564 

Painter of Furniture* 

876 

280 

596 

4020 

0.575 

Restaurant Serving, Very Busy. 

1000 

325 

675 

4560 

0 651 

Walking 3 mph* 

1050 

346 

704 

4750 

0 679 

Walking 4 mph*. * , Active 






Dancing, Roller Skating 

1390 

452 

938 

6330 

0 904 

Stone Mason* 

1490 

490 

1000 

6750 

0 964 

Bowling 

1500 

490 

1010 

6820 

0 974 

Man Sawing Wood*. 

1800 

590 

1210 

8170 

1 167 

Slow Run* 

2290 





Walking 6 mph* 

2330 





Very Severe Exercise* 

2560 





Maximum Exertion Different 






People^ 

3000 to 4800 






aMetabolism rates noted based on tests actually detemuned from the following authontative sources 
lA S H V B Research I«borator:y^ ^Becker and Hamalainen, ’Douglas, Haldane, Henderson and Schneider; 
^Henderson and Haggard; and ’Benedict and Carpenter Metabolic rates for other activities estimated. 
Total heat dissipation integrated into latent and sensible rates by actual tests for metabohe rates up to 
1250 Btu per hour, and extrapolated above this rate Values for total heat dissipation apply for all atmos- 
pheric conditions in a temperature range from approximately 60 to 90 F dry-bulb Division of total heat 
dissipation rates into sensible and latent heat holds only for conditions having a dry-bulb temperature of 
70 F. For lower temperatures, sensible heat dissipation increases and latent heat decreases, while for 
higher temperatures the reverse is true 


Table 5 Degrees of Perspiration for Persons Seated at Rest Under 
Various Atmospheric Conditions 


Atmobfhbrio Condition 


Degree of Perspiration* 

P5 Per Cent Relative 
Humidity 

20 Per Cent Relative 
Humidity 


B T 

D.B 

W B 

B T 

D B 

W.B 



73 6 

72 4 

ESI 

87.0 

60.7 



73 6 

72.4 

ESI 

87.0 

60.7 



79.7 

78.4 


97.5 

67.5 



808 

79 4 


109 4 

76.2 


84.5 

854 

84.0 

86.5 

108.6 

74.6 


KkO 

89 0 

87 6 


125.2 

85 4 


88.5 

89.6 

88.1 

EB 

116.0 

79.5 


aForty per cent of subjects registered degree of perspiration equal to or greater than indicated. 
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Table 6. Degrees of Perspiration for Persons at Work Under Various 
Atmospheric Conditions 

Work Rate SS,000 Ft Lb per Hour 


DaGREB or PBBSPIBATIONa 



E T 

D B 

W B 

E T 

D B 

W.B 

Frtrehftari clammy. . _ 



58 3 

69.5 

80 5 

56 5 

l^ody clammy _ 

KflVfl 


49 3 

ftyiril 

61 6 

442 

Rodv damn „ _ . 

60.0 


59 3 

62.5 

69 6 

49 5 


68.0 

68 5 



91 0 

634 

Rodv wet _ _ 

69.0 

69 6 

68 5 

iBTIfil 

82 8 

530 


78.5 

79.0 

79.3 

79.8 

78 0 
78 6 

82.0 

81.0 

100 5 
99.8 

702 
69 0 



Atuosphbrzo Condition 


95 Per Cent Relative 
Humidity 


20 Per Cent Relative 


«Forty per cent of subjects registered degree of perspiration equal to or greater than indicated 


DITBA-VIOLET RADIATION AND IONIZATION 

In spite of the rapid advances in the field of air conditioning during the 
past few years, the secret of reproducing indoor atmospheres of as 
stimulating qualities as those existing outdoors under ideal weather con- 
ditions, has not as yet been found. Extensive studies have failed to 
elucidate the cause of the stimulating quality of county air, qualities 
which are lost when such air is brought indoors and particularly when it 
is handled by mechanical means. Ultra-violet light and ionization have 
been suggested but the evidence so far is inconclusive or negative^^. 

NATURAL AND MECHANICAL VENTILATION 

Under favorable conditions natural ventilation methods properly com- 
bined with means for heating may be sufficient to provide for the fore- 
going objectives in homes, uncrowded offices, small stores, etc. 

In large offices, large school rooms, and in public and industrial build- 
ings, natural ventilation is uncertain and makes heating difficult. The 
chief disadvantage of natural methods is the lack of control ; they depend 
largely on weather and upon the velocity and direction of the wind. 
Rooms on the windward side of a building may be difficult to heat and 
ventilate on account of drafts, while rooms on the leeward side may not 


^^Changes m Ionic Content in Occupied Rooms, Ventilated by Natural and Mechanic^ Alethods, by 

/A ir-i 37 ^ igzi) Physiolomc 

, Benjamin (A S H V E 

Content of Outdoor and 

Indoor Air. by C P Yarfou'and L C. Benjamin JA S H V E Transac^ons, Vol 40. 1934) The Nature 
of Iona in Air ind Their Possible Physiological Effects, by L. B. I^b ^ S H V E Transactions Vol 40, 
1034). The Influence of Ionized Air upon Normal Subjects, by L. P Hemngton (Journal CUmcal Inve^ 
gation, iX January, 1936) The Effect of High Concentrations of Light Negative Atmospheric Ions on ^e 
Growth and Activity of the Albino Rat, by L P. Hemngton and Karl L Smith (Journal Ind 
November, 1986) Subjective Reactions of Human Beings to Certain Outdoor Atmosphenc Conditions, 
by C -E. A Winslow and L P Hemngton (A S H V E Journal Section, Beating, Piping and Aw Con- 
ditioning, November, 1036) 
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DRV BULB TEMPEBATURE TAHR. ^ 

Fig. 10. Latent Heat and Moisture Loss prom the Human Body by Evaporation, 
IN Relation to Dry-Bulb Temperature for Still Air Conditions^ 

»Cuxve A—Mcn workinj! 60,150 ft-lbjper hour Curv^ B — Men working 33,075 ft-Ib per hour. Curve 
C^Men working 16,688 ft-lb per hour. Curve D — Men seated at rest Curves A and C drawn from data 
at a dry-bulb temperature of 81 3 F only and extrapolating the relation between Curves H and 2) which 
were drawn from data at many temperatures 



DRV BULB temperature •FAHR. 

Fig. 11, Heat Loss prom the Human Body by Evaporation, Radiation and Con- 
vection IN Relation to Dry-Bulb Temperature for Stili. Air CoNDiTiONsa 

«gurveA--Men wkiM 60,160 ft-lb per hour. Curve i^~Men working 33,075 ft-lb per hour. Curve 
16,5^ ft^m per hour Curve D— Men seated at rest. Curves A and C drawn from data 
F only and extrapolating the relation between Curves B and D which were 
arawn trom data at many temperatures 
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receive an adequate amount of air from out-of-doors. The partial vacuum 
produced on the leeward side under the action of the wind may even 
reverse the flow of air so that the leeward half of the building has to take 
the dnjt of the air from the rooms of the windward half. Under such 
conditions no outdoor air would enter through a leeward window opening, 
but room air would pass out. 

In warm weather natural methods of ventilation afford little or no 
control of indoor temperature and humidity. Outdoor smoke, dust and 
noise constitute other limitations of natural methods. 


A.SJ1.VX VENTILATION STANDARDS t 

As Adopted tn August, 103S 

It IS the intent of the Committee in presenting this report to confine itself to a statement of those 
rcQUirements which, based on present day knowledge (1032), will provide adeQuate ventilation 
for spaces intended for human occupancy The following standards shall apply to all spaces 
occupied by human beings in all buildings for which ventilation regulations are to be estabhshed 

SECTION I— AIR TEMPERATURE AND HUMIDITY 

The temperature and hum/idity of the air in such occupied spaces, and in which the only 
source of contamination is the occupant, shall be maintained at all times during occu- 
pancy at slu Effective Temperature, as hereinafter stated. 

The relative humidity shall be not less than 30 per cent, nor more than 60 per cent in 
any case The Effective Temperature sliall range between 64 deg and 69 deg when 
heating or humidification is required, and between 69 deg and 73 deg when cooling or 
dehumidiiication is required 

These Effective Temperatures shall be maintained at a level of 36 in. above the floor. 
(See Appendix, Tables A and B). 

SECTION II— AIR QUALITY 

The air in such occupied spaces shall at all times be free from toxic, unhealthful or 
disagreeable gases and fumes and shall be relatively free from odors and dust. 

In every space coming within the provisions of these requirements and in which the 
quality of the air is below the standards prescribed by good medical and engineermg 
practices, due to toxic substances, bacteria, dust, excessive temperature, excessive 
humidity, objectionable odors, or other similar causes, means for ventilating shall be 
provided so that the quality of the air shall be raised to these standards 

SECTION ni— AIR MOTION 

The au: in such occupied spaces shall at all times be in constant motion suflicient to 
maintain a reasonable uniformity of temperature and humidity, but not such as to cause 
objectionable drafts in any occupied portion of such spaces 

The air motion in such occupied spaces, and in which the only source of contamination 
18 the occupant, shall have a veloaty of not more than 50 ft per minute, measured 
at a height ot 36 in. above the floor. 

SECTION IV— AIR DISTRIBUTION 

The air in all rooms and enclosed spaces shall, under the provisions of these require- 
ments, be distributed with reasonable uniformity, and the variation in the carbon dioxide 
content of the air shall be taken as a measure of such distribution. 

The air in a space ventilated in accordance with these requirements, and in which the 
only source of contamination is the occupant, shall be distributed and circulated so that 
the variation in the concentration of carbon dioxide, when measured at a height of 
36 in. above the floor, shall not exceed one part in 10, OCX) 


1 Report of A S II V.E Committee on Ventilation Standards consisting of W H Driscoll, Chairman, 
J. J. Aebcrly, F Paul Anderson, L A. Harding, D D J&mball, J R McCoU, C L Riley, W A 
Perry West and A. C Willard, presented at the Semi-Annual Meeting of the Society, Milwaukee, Wia , 
June, 1932, and adopted by the Society m August, 1932 (See A S H V E Transactions, Vol 38, 1932) 
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SECTION V— AIR QUANTITY 

The quantity of air used to ventilate the given space during occupancy shall always 
be sufficient to maintain the standards of air temperature, air quality, air motion and air 
distribution as herein required. Not less than 10 cu ft per minute per occupant of the 
total air circulated to meet these requirements shall be taken from an outdoor source 

APPENDIX 

Table A Effective Temperatures Ranging from 64 Deg to 69 Deg for Various Dry- Bui b Tfm- 

PERATURES AND RELATIVE HUMIDITIES FOR STILL AlR FOR PlCRSONS 

Normally Clothed and Slightly Active« 

(For use when boating or humidification is required) 


Dry-Bulb 
Temperatures 
(Deg Fahr) 


Rblaiive Humidities (I’lr Cent) 


Effective Temperatures (DEc.REBb) 


67 






(MO 

643 

68 



640 

642 

015 

6t 8 

05 1 

60 

6i 1 

614 

648 

65 1 

65 4 

65 7 

66 0 

70 

648 

66,1 

654 

658 

66 2 

66 5 

66 8 

71 

65 5 

65 8 

66 2 

666 

67 0 

(17 3 

67.7 

72 

66 2 

66 5 

66 9 

67.3 

67 7 

fl«.l 

68.5 

73 

67 0 

67 3 

67 7 

681 

68.5 

080 


74 

07 7 

680 

684 

688 




75 

684 

687 






76 

690 








«See Fig 6. 

Table B Effective Temperatures Ranging from 69 Dbg to 73 Dbi# for Various Dry-Bulb Tem- 
peratures and Relative EvfummiRS for Still Air for Persons 
Normally Clothed and Slightly Aciivita-b 

(For use when cooling or dohumidificatlon is roqulrod) 


Dry-Bulb 
Temperatures 
(Dbg Farr) 


Rblaizve Kumidxtxbs (Per Cent) 


Effective Temperatures (Decrees) 




691 

60 4 

60.9 

70.2 

707 

70 0 

71.4 

71.6 

72J2 

72 4 

729 



•See Fig. 6. 

bThia table appUea pnmanly to cawa m which the human body has reached eimillbrium with the aur- 
roundii^ air A higher plane of summer effective temperatures Is required In places of public assemtily 
where the penod of occupancy is short, than is required for offices and Industrial plants where the penod of 
occupancy is of longer duration When the penod of occupancy is two hours or less, tlie dry-bulh tempera- 
ture shall be 72 F plus one-third of the difference between the outside dry-bulb tempemture and 70 Fland 
the relative humidity shall not exceed 60 per cent (See also Table 2.) 


Definitions 

For the purposes of these standards the terms used shall Ix' defined as follows: 

Ventilation ■ The proceee of supplying or removing air by natural or meelinnicul means, to or ( i «m any 
Space Such air may or may not have been conditioned. (See Air Orndtiioning), 

U aimultaneous control of all or at least the first three of those factors aifeeting 

both the physi^cal and chemical conditions of the atmosphere within any structure. These factors include 
temperature, humidity, motion, diatnbuuon, dust, bacteria, odors, toxic gases, and lonlxation, most of 
which affect m greater or lesser degree human health or comfort. 
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Dry-Bulb Temperature The temperature of the air which is indicated by any type of thermometer 
which IS not affected by the water vapor content or relative humidity of the air 

Dust Solid material in a finely divided state, the particles of which are large and heavy enough to fall 
with increasing veloaty, due to gravity in still air For instance, particles of fine sand or gnt, such as arc 
blown on a windy day, the average diameter of which is approximately 0 01 centimeter, may be called dust 

Effective Temperature* An arbitrary index of the degree of warm th or cold felt by the human body 
in response to temperature, humidity, and movement of the air Effective temperature is a composite 
index which combines the readings of temperature, humidity, and air motion into a single value. The 
numeiical value of the effective temperature scale has been fixed by the temperature of saturated air which 
induces an identical sensation of warm^ 

Humidity The water vapor (either saturated or superheated steam) occupying any space, which may 
or may not contain other vapors and gases at the same tune 

Relative Humidity A ratio, although usually expressed in per cent, used to indicate the degree of 
saturation existing in any given space resuitmg from the water vapor present in that space The presence 
of air or other gases m the same space at the same time has nothing to do with the relative humidity of 
the space, which depends merely on the temperature and partial pressure of the vapor 

Spaces in Which the Only Source of Contamination is the Occupant. Spaces in which the 
atmosphenc contamination results entirely from the respiratory processes of the occupant, including heat, 
moisture, and odors given off by the body. No manufactunng or industrial processes or other sources of 
atmosphenc contamination, indudmg heat and moisture, than people are considered under this title 

BECmCULATION AND OZONE 

The amount of recirculated air may be varied to suit changes in weather 
and seasonal requirements, so as to conserve heat in winter and refrig- 
eration in summer, but the saving in operating cost should not be obtained 
at the expense of air quality. 

Ozone has been used for deodonzing recirculated air by oxidation or 
masking. Under favorable conditions some success is possible but from 
the practical standpoint it is difficult to regulate the ozone output so as to 
just neutralize undesirable odors at all times during the occupan^ of a 
room. The difficulties appear to be mainly due to a wide variability in 
the rate of ozone disappearance in different rooms, or in the same room at 
different times, according to the characteristics of a room, the absolute 
humidity, impurities in the air, number and type of occupants, and 
probably other factors which require considerable study before ozone can 
be safely and economically applied. 

The allowable concentrations in the breathing zone are very small, 
between 0,01 to 0.05 parts of O 3 per million parts of air. These are much 
too small to influence bacteria. Higher concentrations are associated 
with a pungent unpleasant odor and considerable discomfort^ to the 
occupants. One part per million causes respiratory discomfort in man, 
headaches and depression, lowers the metabolism, and may even lead to 
coma^^. 

Toilets, kitchens, and similar rooms, in buildings using recirculation, 
should be ventilated separately by mechanical exhaust in order to prevent 
objectionable odors from diffusing into other parts of the building. 

PROBLEMS IN PRACTICE 

1 • What is the purpose of conditioning the air of occupied rooms? 

Chiefly comfort, to be secured by control of temperature, humidity, air distnbution, and 
body odors in the air Other factors have yet to be studied. 

2 # What are the most comfortable air conditions? 

Comfort standards are not absolute, but they are greatly affected by the physical con- 
dition of the individual, and the climate, season, age, sex, clothing, and physic^ activity. 
For the northeastern climate of the United States, the conditions which meet the require 


BrtUah Medical Journal, Editorial, June 26. 1932. p. 1182. See also Loc. Cit. Note 5 
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ments of the majonty of people consist of temperatures between 68 and 72 F in winter 
and between 70 and 85 F in summer, the latter depending largely upon the prevailing 
outdoor temperature. The most desirable relative humidity range seems to be between 
30 and 60 per cent, 

3 # Are the optimum conditions for comfort identical with those for health? 

There are no absolute criteria of the prolonged effects of various air conditions on health 
For the present it can be only infeired that bodily discomfort may be an mclicatiim of 
adverse conditions leading to poor health 

4 • Given dry-bulb and wet-bulb tompcralurcs of 76 F and 62 F, respectively, 
and an air velocity of 100 fpm, determine: (l) cffeclivo lompc’^ralurc of the 
condition; (2) efifective temperature with calm air; (3) cooling produced by the 
movement of the air. 

(1) In Fi^. 1 draw line AB through given dry- and wet-bulb temperatures. Its inter- 
section with the 100 ft velocity curve gives 69 deg for the edective temperature ol the 
condition. (2) Follow line AB to the right to its intersection with the 20 1pm velocity 
line, and read 70 4 deg for the effective temperature for this velocity or bo-called still air. 
(3) The cooling produced by the movement of the air is 70 4 — 69 - 1 *1 deg ICT. 

5 • Assume that the design of an air conditioning system for a theater is to he 
based on an outdoor dry-bulh temporalurc of 95 F and a wct-hulb tciuperulurc 
of 78 F with an indoor relative humidity of 50 per cent. According to Table 2, 
the dry-hulb temperature in the auditorium should 1)C 30 F. Kstiniuto the 
sensible and latent heat given up per person. 

The sensible heat given up per person per hour may be obtained from h'ig. 9. With an 
abscissa value of 80 F, Curve D for men seated at rest gives a value (on the oidinatc 
scale) of 220 Btu per person per hour as the sensible heat loss The hilont heat giv^on up 
by a person seated at rest may be obtained from Fig. 10. With an abscissa value of 80 F, 
Curve D indicates a latent heat loss of 176 Btu per hour (left hand sctilo) or a moisture 
loss of 1190 grains per hour (right hand scale). 

6 • Neglecting the gain or loss of heat by transmission or infiltratUm through 
walls, windows and doors, how many cubic feet of ouLside air, with dry- and 
wet-bulb temperatures of 65 F and 59 F, respectively, (63.1 deg KT) tuusl bo 
supplied per hour to an auditorium containing 1000 people in or<lcr that the 
inside temperature shall not exceed 75 F dry-bulh and 65 F wet -bulb? 

Figs. 9 and 10 give 265 Btu sensible heat and 906 grains of moifrturc per person with a 
dry-bulb temperature of 75 F in the auditorium. Therefore, 265, (KK) Btu of sensible 
heat and 905,000 grains of moisture will be added to the air in the auditoriiuu i)er hour. 

Taking 0.24 as the specific heat of air, 2.4 Btu per pound of air will be absorbed in 

o/iK non 

raising the dry-bulb temperature from 66 to 76 F, and -“ 24 " “ * 

110,400 X 13,4 « 1,479,000 cfh of air will be required. This is equivalent to 
= 24 7 cfm per person. 

The moisture content of the inside air is 76 grains per pound of dry air and that of the 
outside condition is 66 grains. From a psychrometric chart the inciease in moisture 

905 000 

content will therefore be 11 grains per pound of dry air. Hence • ^ j p- 82,»300 lb of 
air at the specified condition will be required. This is equivalent to 82,300 X 13.4 
- 1,103,000 cfh of air or x 60 ** person. 

The higher volume of 24 7 cfm per person will be required to keep the dry-bulb tem- 
perature from rising above the 76 F specified The wet-bulb temperature will therefore 
not rise to the maximum of 66 F. 
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Chapter 4 


NATURAL VENTILATION 


Wind F orces, Stack Effect, Openings, Windotps, Doors, Skylights, 

Roof Ventilators, Stacks, Principles of Control, General Rules, 
Measurements, Dairy Barn Ventilation, Garage Ventilation 

V ENTILATION by natural forces, supplemented in certain cases 
with mechanical forces, finds extensive application in industrial 
plants, public buildings, schools, dwellings, garages, and in farm buildings. 

The natural forces available for the displacement of air in buildings are 
the wind and the difference in temperature of the air inside and outside 
the building. The arrangement and control of ventilating openings 
should be such that the two forces act cooperatively and not in opposition. 

Wind Forces 

In considering the use of natural wind forces for the operation of a 
ventilating system, account must be taken of (1) average and minimum 
wind velocities, (2) wind direction, (3) seasonal, daily and hourly varia- 
tions in wind velocity and direction, and (4) local wind interference by 
buildings and trees. 

Table 1, Chapter 8, gives values for the average summer wind velocities 
and the prevailing wind directions in various localities throughout the 
United States, while Table 2, Chapter 7, lists similar values for the winter. 
In almost all localities the summer wind velocities are lower than those in 
the winter, and in about two-thirds of the localities the prevailing direc- 
tion is different during the summer and winter. While average wind 
velocities are seldom below 5 mph, there are many hours in eac^ month 
during which the wind velocity is from 3 to 5 mph, even in localities where 
the seasonal average is considerably above 6 mph. There are relatively 
few places where the hourly wind velocity falls much below 3 mph for 
more than 10 daylight hours per month.^ Usually a natural ventilating 
system should be designed to operate satisfactorily with a wind velocity 
of 3 to 6 mph, depending on locality. 

The following formula may be used for calculating the quantity of air 
forced through ventilation openings by the wind, or for determining the 
proper size of such openings: 

Q^EAV (1) 

where 

0 «« air flow m cubic feet per minute. 

A « free area of inlet (or outlet) openings in square feet. 

V = wind velocity m feet per minute, 

» miles per hour X 88 
E ~ effectiveness of openings. 

(JS should he taken at from 50 to 60 per cent if the inlet openmss face the wind and from 25 to 85 per 
cent if the inlet opemnga receive the wind at an angle.) 
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If outlet openings, where air leaves a building, are smaller than inlet 
openings, where air enters a building, the air will be less effective than 
indicated by the constant E, 

The accuracy of the results obtained by the use of Formula I depends 
upon the placing of the openings, as the formula assumes that ventilating 
openings have a flow coefficient slightly greater than that of a siiuare-edge 
orifice. If the openings are not advantageously placed with respect to the 
wind, the flow per unit area of the openings will be less, and if unusually 
well placed, the flow will be slightly more than that given by the formula. 
Inlets should be placed to face directly into the prevailing wind, while 
outlets should be placed in one of the following four places 

1. On the side of the building directly opposite the direction of the pievailinij; wind 

2 On the roof in the low pressure area caused by the jump of the wind (see Fig 1). 

3 In a monitor on the side opposite from the wind. 

4. In roof ventilators or stacks exposed to the full force of the wind^ 

Forces Due to Stack Effect ^ 

The stack effect produced within a building is due to the diflercnco in 
weight of the warm column of air within the building and the cooler air 
outside. The flow due to stack effect is proportional to the sciuare loot 
of the draft head, or approximately: 

Q ^ 9A A Vll(t- to) ( 2 ) 

where 

Q = air flow in cubic feet per minute, 

A = free area of inlets or outlets (assumed equal) m square feet. 

H = height from inlets to outlets, in feet. 

/ = average temperature of indoor air m height IT, in degrees F*ihrcn licit 

to temperature of outdoor air, in degrees Fahrenheit. 

9 4= constant of proportionality, including a value of 65 per cent for efl’cetivenoHs of 
openings. This should be reduced to 50 per cent (constant = 7,2) if conditions 
are not favorable. 

The height between inlets and outlets should be the maximum which 
the building construction will allow. 

In some cases Ae necessary air flow will be known from the reciuirc- 
ments of the building occupancy, and the area necessary for certain 
assumed temperature differences may be calculated. Or the areas may 
be fixed by the building construction, and the maximum air flow for 
various differences between indoor and outdoor temperatures may be 
calculated. In any case, the conditions which give the minimum air flow 
are those which control the design, as the system must have ample 
capacity even under the most unfavorable conditions which are those of 
mild or warm weather. 


TYPES OF OPENINGS 

The engineering problems of a natural ventilation system consist of the 
design^ location^ control of ventilating openings to best utilize the 


lAiration of Industrial Buddings, by W. C. Randall (ASH V.E. Transactions, Vol. 34, X02S) 
»NeutraI Zone in Ventilation, by J E Emswler (A S H.V E. Transactions, Vol 32, 102(1). 
TRA^cfm^”^ 37^1931)*^^ Industnal Buildings, by W C. Randall and E. W. Conover (A.S.II.V.TC. 
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natural ventilation forces, in accordance with the requirements of build- 
ing occupancy. The types of openings may be classified as: 

1. Windows, doors, monitor openings, and skylights 

2. Roof ventilators. 

3. Stacks connecting to registers 

4 Specially designed inlet or outlet openings 

Windows/ Doors and Skylights 

Windows have the advantage of transmitting light, as well as providing 
ventilating area when open. Their movable parts are arranged to open in 



Fig. 1. The Jump of Wind from Windward Face of Building, (il— L ength of 
Suction Area; B— Point of Maximum Intensity of Suction; 

C— Point of Maximum Pressure) 

various ways; they may open by sliding as m the ordinary double-hung 
windows, by tilting on horizontal pivots at or near the center, or by 
swinging on pivots at the top or bottom. Whatever the form and t 3 ^e of 
window used, the amount of dear area that can be made available is the 
factor of greatest importance in ventilation. 

All types of sash (double-hung, top, center or bottom horizontal pivoted, 
or vertical pivoted) have about the same air flow capadty for the same 
dear area. Air leakage through closed windows is important during high 
winds (Chapter 6). 
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The proper distribution of air in occupied spaces is an element almost 
as important as that of sufficient air quantity. Advantageous piv^oting of 
sash is very useful for securing good air distribution. Dellectors are some- 
times used for the same purpose, and these devices should be considered a 
part of the ventilation system. 

Door openings are seldom included in the ventilation calculations, 
though they may be of great value for extreme summer conditions, and 
should be considered in this connection as well as in garage design. 

Skylight and monitor openings are of importance as these and the roof 
ventilators are outlets, while the lower windows are usually inlets on the 
windward side and outlets on the leeward side. In general the areas of 
inlets and outlets should be about equal. It is important to make a 
check on this ratio in any installation, as any great excess of area of one 
set of openings over another means waste opening area. The operating 
devices used for sash, monitors, skylights and roof ventilators should be 
well selected as poor operating devices may defeat the entire design. 

Roof Ventilators 

The function of a roof ventilator is to provide a storm and weather 
proof air outlet, which is sensitive to wind action for producing additional 
flow capacity, and at the same time is subject to manual or automatic 
control by suitable dampers. The capacity of a ventilator at a constant 
wind velocity and temperature difference, depends upon four things: 
(1) its location on the roof, (2) the resistance it offers to air flow, (;}) the 
area and location of openings provided for air inflow at a lower level, and 
(4) the ability of the ventilator head to utilize the kinetic energy of the 
wind for inducing flow by centrifugal or ejector action. I'rc(iuently one 
or more of these capacity factors is overlooked in a ventilator installation. 

For maximum flow induction, a ventilator should be located on that 
part of the roof which receives the full wind without interference. (See 
Fig. 1.) This does not mean that no ventilators are to be installed within 
the suction region created by the wind jumping over the building, or in a 
light court, or on a low building between two high buildings, Ventilators 
are highly effective in such low-pressure areas, but their ejector action, 
caused by wind velocity, is of little importance in these locations, ancl 
hence their size should be increased proportionally. 

Ventilator resistance depends on (1) type of inlet, (2) area of openings 
and passages, and (3) number of turns or changes of direction of the air 
flow. The inlet grille, if any, should have ample free area, and the venti- 
lator should always be provided with a taper-cone inlet in order to produce 
the effect of a bell-mouth nozzle (flow coefficient 0.97) rather than that of 
a square-entrance orifice (flow coefficient 0.60) . In other words, the grilles 
should be oversize as compared with the ventilator, and they should be 
connected by tapering collars. If the ventilator head construction 
produces changes in the direction of air flow, tlie area of the flow passages 
should be increased accordingly. 

Air inlet openings at lower levels in the building are of course necessary 
for the economical use of ventilator capacity. The inlet openings should 
be at least equal to, and preferably twice as great as the combined throat 
areas of all roof ventilators. The air discharged by a roof ventilator 

88 



Chapter 4 — ^Natural Ventilation 


depends on wind velocity and temperature difference, but due to the four 
capacity factors already mentioned, no simple formula can be devised for 
expressing ventilator capacity. 

Several types of roof ventilators are shown in Figs. 2 to 11. These may 
be classified as stahonary^ Figs. 2 to 6, pivotei or oscillahng, Figs. 7 to 9, 
or rotating, Figs. 10 and 11. When selecting roof ventilators, some 
attention should be paid to ruggedness of construction, storm-proofing 
features, dampers and damper operating mechanisms, possibilities of 
noise from dampers or other moving parts, and possible maintenance 
costs. 

It should be kept in mind that a suitable combination of roof venti- 
lators with mechanical ventilation frequently offers the best solution of a 
ventilating problem. The natural ventilation units may be used to sup- 
plement power driven supply fans, and under favorable weather con- 
ditions it may be possible to shut down the power driven units. Where 
low operating costs are very important, such a combination has great 
advantages. Roof ventilators with built-in electric fans are attracting 
increased attention because they combine the advantages of low instal- 
lation and operating cost with those of continuous service. 

Controls 

In connection with any combination between natural and fan venti- 
lation, the controls are of importance. Both the fans and the ventilator 
dampers may be controlled by some combination of three methods: 
(1) hand operation, (2) thermostat operation, and (3) control by wind 
velocity. The thermostat station may be located anywhere in the 
building, or it may be located within the ventilator itself The purpose of 
wind velocity control is to obtain a definite volume of exhaust regardless 
of the natural forces, the fan motor being energized when the natural 
exhaust capacity falls below a certain minimum, and again shut off when 
the wind veloaty rises to the point where this minimum volume can be 
supplied by natural forces. 

Stacks 

Stacks are really chimneys and utilize both the inductive effect of the 
wind and the force of temperature difference (the so-called gravity action). 
While their openings projecting above the roof are not provided with any 
special construction for developing suction by the action of the wind, the 
plain vertical opening is also effective in this respect. Like the roof 
ventilator, the stack outlet should be located so that the wind may act 
upon it from any direction. 

Stacks are applicable particularly in the case of schools, apartments, 
residences and small office buildings. Partitions interfere with general 
air circulation, and some type of outlet from each room is necessary. If 
the building is not too tall, and the requirements of occupancy are moder- 
ate, a system of stacks with registers in each room may be more eco- 
nomical than a system of mechanical ventilation employing fans. In 
making the comparison, however, the building space occupied by the 
stacks should be considered. 

With little or no wind, chimney effect or temperature difference will 
produce outflow through the stacks and an equal inflow through windows 
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in all sides of the building. With wind, the inductive force at the top of 
ventilating shafts is more powerful than that on the leeward side of the 
building, so that air is drawn in through leeward openings by a combina- 
tion of the forces of wind and temperature difference. On the windward 
side, the direct forcing pressure of the wind is of course added to the 
temperature difference effect. Thus forces are available for causing in- 
flow at practically every window of such a building. Adequacy of stack 
size must, of course, be provided. 

PRINCIPLES OF AIR FLOW CONTROL 

The air flow through a ventilation opening depends on the two factors 
already discussed, namely, (1) the natural forces available, (2) the open- 
ings available, and the resistance to flow offered by these openings. The 
design problem includes, of course, a determination of the desired air 



Fig. 10. 



quantity and distribution in order that the openings may be properly 
placed. 

The purpose of ventilation is to carry off either excess heat or air 
impurities, and the desired air quantities depend upon the amount of heat 
or of impurities present. The amount of heat can be determined, m the 
case of forge shops for example, from the amount of fuel burned, which in 
turn is based upon the production capacity for which the building is 
being designed. In the case of foundries, the heat given off by the metal 
in cooling from the molten state can be used. In some instances, not all 
of the heat may be dissipated to the air, but a fair estimate of the amount 
to be removed by the air can usually be made. 

The next step is to select the temperature difference to be maintained. 
Knowing the amount of heat to be removed and having selected a 
desirable temperature difference, the amount of air to be passed through 
the building per minute to maintain this temperature difference can be 
determined by means of the following equation: 

H = (3) 

where 

c « 0.24 speafic heat of air. 

V - specific volume of the air, cubic feet per pound, about 13.6. (See Chapter 1.) 
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H = heat to be earned off, in Btu per hour 

Q = air flow in cubic feet per minute. 
t = inside temperature, degrees Fahrenheit 

to “ outside temperature, degrees Fahrenheit. 

For disposing of air impurities, the required air flow must be such that 
the outside air will dilute the impurities to a degree that they are no 
longer objectionable. For human occupancy, such as in auditoriums and 
classrooms, 10 cfm per person is usually taken as the minimum of outside 
air necessary for ventilation (see Chapter 3). For garage ventilation, 
sufficient air must be admitted to dilute the carbon monoxide content of 
the indoor air to 1 in 10,000 (see Garage Ventilation in this Chapter). 

Air quantity and quality are not the only requirements. For human 
occupancy, air distribution is important. In ventilation the air distribu- 
tion is almost entirely a matter of the number, the design, and tlie location 
of inlets and outlets. In locating openings, special precautions should be 
taken against the formation of dead air spaces or pockets within the zone 
of occupancy (see Chapter 19). 

Suggested methods for estimating the air flow due to temperature 
difference alone and to wind alone have already been given. It must be 
remembered that when both forces are acting together, even without 
interference, the resulting air flow is not equal to the sum of the two 
estimated quantities. The same openings have been assumed in both 
cases, and since the resistance to flow through the openings varies ap- 
proximately with the square of the velocit>^, this resistance becomes a 
limiting factor as the flow through the openings is increased. 

Recent investigations^ show that the total flow is only 10 per cent 
above the flow caused by the greater force when the two forces are nearly 
equal, and this percentage decreases rapidly as one force increases aliove 
the other. Tests on roof ventilators indicate that this is too conservative 
in the direction of low total flow quantities, but there is in any case a 
large judgment factor involved. The wind velocity and direction, the 
outdoor temperature, or the indoor activities cannot be predicted with 
certainty, and great refinement in calculations is therefore not justified. 
When designing for winter conditions, an added variable is the heat lost 
by direct flow through walls and windows and by infiltration. 

Example 1 Assume a drop forge shop, 200 ft long, 100 ft wide, and 30 ft high. The 
cubical content is 600,000 cu ft, and the height of the air outlet over that of the inlet is 
30 ft. Oil fuel of 18,000 Btu per lb is used in this shop at the rate of 15 gal per hour 
(7.75 lb per gal) Temperature differences are 10 F in summer and 30 F in winter, and 
the wind velocity is 5 mph in summer and 8 mph in winter. What is the necessary area 
for the inlets and outlets, and what is the rate of air flow through the building? 

Solution, The system must be designed for the summer conditions as these are the 
more severe. The heat to be removed per hour is: 

iJ » 15 X 7.76 X 18,000 « 2,092,500 Btu. 


By Equation 3, the air flow required to remove this heat with a temperature difference 
of 10 deg is: 



VB 

emit- to) 


13.5 X 2,092,500 
0 24 X 00" X 10 


100,172 cfm. 


»Loc Cit Notes 1 and 2 

<Thia 18 tnic for tur^eni flow only It would b« more correct to state that the resistance varit'B approxi- 
mately with 7* for hiKh to moderate yoloeiUcs, with V for modemte to low velofiUes, and witli the first 
power of tlie velocity for very low velocities through small opemngs, 
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This is equal to 19 6 air changes per hour. The assumption is made that the average 
temperature difference between indoors and outdoors is the same as the temperature nse 
of the air from the inlet opening to the outlet opening Actually, the latter difFeren<5e is 
larg^ and so the value of 19 6 air changes per hour is conservative as it allows for more 
cooling than is necessary for an average temperature difference of 10 deg. 

If 196,172 cfm are to be circulated by the force of the temperature difference alone, the 
area of opening would be, by Equation 2 

. « Q 196,172 

9 4 y/ H(t - to) 9.4 V 30 X 10 

If this area of openings were provided, a wind velocity of 5 mph, acting alone, would 
produce a flow according to Equation 1, of: 

e « EA 7 = 0 50 X 1,205 X 5 X 88 = 265,100 cfm 

If the inlet openings do not face the wind, but are at an angle with it, about half this 
amount may be considered to flow. 

A factor of judgment must now be exercised in making the selection of 
the area of openings to be specified Apparently 1205 sq ft are a very 
generous allowance because either a direct wind of 5 mph or an average 
temperature difference of 10 deg acting alone will more than suffice to 
carry away the heat, and when the two forces are acting together, the 
system may have an excess capacity of 25 per cent to 50 per cent, especially 
if the outlets are made up partially of roof ventilators which employ tiie 
force of the wind for producing a suction effect. On the other hand, the 
wind may at times come from an unfavorable direction, or its velocity 
may fall below 5 mph or the building construction may not permit a full 
2400 sq ft of inlet window area and an equal amount of monitor or roof 
ventilator outlet area. In case the two sets of openings are not equal, 
their effectiveness is reduced. 

From this^ example, it must be apparent that while formulas may 
furnish a reliable guide, the final solution of a problem of natural venti- 
lation requires a common sense analysis of local conditions to supplement 
and to modify the dictates of the formulas. 

GENBRAL RULES 

A few of the important requirements in addition to those already 
outlined are: 

1 Inlet openings should be well distributed, and should be located on the windward 
side near the bottom, while outlet openings are located on the leeward side near the top 
Outside air will then be supplied to the zone of occupancy. 

2. Direct short circuits between openings on two sides at a high level may clear the 
air at that level without producing any appreciable ventilation at the level of occupancy. 

3. Roof ventilators should be located 20 to 40 ft apart each way and preferably on 
the ridge of the roof. The closer spaangs are used when ventilating rooms with low 
ceilings. 

4. Greatest flow per square foot of total opening is obtained by usmg inlet and outlet 
openings of nearly ^ual areas. 

5. In an industrial building where furnaces, that give off heat and fumes, are to be 
installed, it is better to locate them in the end of the building exposed to the prevailing 
wind. The strong suction effect of the wind at the roof near the windward end will then 
cooperate with temperature difference, to provide for the most active and satisfactory 
removal of the heat and gas laden air. 


93 


American Society of Heating and Ventilating Engineers Guide, 1937 


6. In case it is impossible to locate furnaces in the windward end, that part of the 
building in which they are to be located should be built higher than the rest, so that 
the wind, in splashing therefrom will create a suction. The additional height also 
increases the eflfect of temperature difference to cooperate with the wind. 

7. In the use of monitors, windows on the windward side should usually be kept 
closed, since, if they are open, the inflow tendency of the wind counteracts the outflow 
tendency of temperature difference. Openij^ on the leeward side of the monitor result 
in cooperation of wind and temperature difference. 

8 In order that the force of temperature difference may openito to iiiaxinunn advan- 
tage, the vertical distance between inlet and outlet openings should be as groat as 
possible. Openings in the vicinity of the neutral zone arc less effective for ventilation, 

9 In order that temperature difference may produce a motive force, thcie must be 
vertical distance between openings That is, if there arc a number of openings available 
in a building, but all are at the same level, there will be no motive head produced by 
temperature difference, no matter how great that difference might be. 

10. In the design of window ventilated buildings, where the direction of the wind is 
quite constant and dependable, the orientation of the building togothor with amount 
and grouping of ventilation openings can be readily arranged to take full advantage of 
the force of the wind. On the other hand, where the direction of the wind is quite 
variable, it may be stated as a general principle that windows should be arranged m 
sidewalls and monitors so that there will be approximately equal area on all sides. 
Thus, no matter what the wind direction, there will always be some openings directly 
exposed to the pressure force of the wind, and others opposed to a suction force, and 
effective movement through the building will be assured. 

11 The intensity of auction or the vacuum produced by the jump of the wind is 
greatest just back of the building face. The area of suction docs not vary with the wind 
velocity, but the flow due to suction is directly proportional to wind velocity. 

12. Opening much larger than the calculated areas are sometimes desirable, especially 
when changes in occupancy are possible, or to provide for extremely hot days. In the 
former case, free openings should be located at the level of occupancy lor psychological 
reasons. 

13. Special consideration should be given to the possibility of sidewall or monitor 
windows being closed on account of weather conditions. Such possibilities favor roof 
ventilators and specially designed stormproof inlets. 

MEASUREMENT OF NATURAL AIR FLOW 

The determination of the performance of any ventilating: system 
involves measurements which are not easy to make. The difficulties arc 
increased in the case of natural ventilation, since the motive forces and 
the air velocities are very small. The measurements neexjssary for giving; 
the capacity of a system are (1) velocity of the wind, (2) velocity of the 
air through inlet and outlet openings, (3) outdoor air temperature, and 
(4) average indoor air temperature. 

Measuring Wind Velocity, The cup-type of anemometer as used for 
Weather Bureau observations is sufficiently accurate for this measure- 
ment. Some more accurate instruments as well as direct-reading types 
have been developed for airport service, but for ventilation work it is the 
average wind velocity over a long period which determines the capacity of 
the system. Hence the use of the Weather Bureau instrument, with an 
observation period of one hour or more, is satisfactory. If observations 
of wind direction are required, these should be taken by observing a 
sensitive weather vane at frequent intervals (about every 6 minutes) 
during the same period. 

Velocity of Air Through Openings, The vane type anemometer is the 
most practical instrument for this measurement. 
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Use a small (4 in.) low-speed anemometer, and correct all readings 
according to a recent calibration. Mount the anemometer in a strap iron 
clamp with a long handle for convenience. Divide each opening into 
5 in. squares (by string or wire) and hold the anemometer in the center of 
each square for a definite period of from 15 to 30 seconds. Record the 
result of the traverse as soon as completed and start another one im- 
mediately. A series of traverses over a period of one hour, or the full 
period covered by the wind velocity observations with a fairly steady 
wind, may be considered a satisfactory test for that wind velocity. It is 
preferable to have an anemometer observer at each opening. If the 
opening is covered by a grille or register, use the proper correction factors 
(see Chapter 43). 

Outdoor Temperature. It is easy to make an error of 1 to 5 deg in 
observing the outdoor air temperature. An accurate thermometer, 
calibrated in 1 deg divisions should be used. The thermometer should be 
mounted in the shade at about mid-height of the building and not too 
near the building wall or adjacent to an air outlet. The heat from a wall 
or roof which has been exposed to the sun is easily transmitted to a 
thermometer, with resulting high readings. 

Average Indoor Temperature. It is important to note that the capacity 
of an opening (such as roof ventilator) does not depend on the difference 
in the temperatures measured adjacent to the opening. It depends 
rather on the difference between the average temperature of the column 
of air inside the building and that outside. Indoor temperatures should 
therefore be observed at various heights to secure a good average. 

DAIRY BARN VENTILATION® 

A successful barn ventilating system is one which continuously supplies 
the proper amount of air required by the stock, with proper distribution 
and without drafts, and one which removes the excessive heat, moisture, 
and odors, and maintains the air at a proper temperature, relative 
humi^ty, and degree of cleanliness. 

Barn temperatures below freezing and above 80 F affect milk produc- 
tion. Milk producing stock should be kept in a bam temperature be- 
tween 45 and 50 F. Dry stock, at reduced feeding, may be kept in a bam 
5 to 10 deg higher. Calf bams are generally kept at 60 F, while hospital 
and maternity bams usually have a temperature of 60 F or somewhat 
higher. 

The heat produced by a cow of an average weight of 1000 lb may be 
taken as 3000 Btu per hour. The avers^e rate of moisture production by 
a cow giving 20 lb of milk per day is 16 lb of water per day, or 4375 grains 
per hour. To set a standard of permissible relative humidity for cow 
barns is difficult. For 45 F an averajge relative humidity of 80 percent 
is satisfactory, with 86 per cent as a limit. 

Where the bam volume is within the limit that can be heated by the 
stabled animals, the air supply need not be heated. The air should be 


•Dairy Bam Ventilation, by F L Fairbanks (A S H V E Transactions, Vol 34, 1928). 

Cow Bam Ventilation, by Alfred J Offner (A S H V E Transactions, Vol 39, 1933) 

For additional information on this subject refer to Techntcal BuUOtn, U S Department of Agnculture 
(1930), by M A R Kelley 
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supplied through or near the ceiling. It is better to have the exhaust 
openings near the floor as larger volumes of warm air are then held in the 
barn and there is better temperature control with less likelihood of sudden 
change in barn temperature. 

If a cow weighs 1000 Ib and produces 3000 Btu of heat per hour, and if 
a barn for the cow has 600 cu ft of air space with 130 scf ft of liuilding 
exposure, one cow will require 2600 to 3560 cfh of ventilation, depending 
on the temperature zone in which the barn is located. The permissible 
heat losses through the structure, based on one cow and depending on the 
temperature zone, vary between 0.043 and 0.066 Btu per hour per cu ft 
of bam space, and 0.197 to 0.305 Btu per hour per sq ft of barn exposure. 

GARAGE VENTILATION® 

On account of the hazards resulting from carbon monoxide and other 
physiologically harmful or combustible gases or vapors in garages, the 
importance of proper ventilation of these buildings cannot be over- 
emphasized. During the warm months of the year, garages are usually 
ventilated adequately because the doors and windows are kept open. As 
cold weather sets in, more and more of the ventilation openings arc closed 
and consequently on extremely cold days the carbon monoxide concentra- 
tion runs high. 

Many garages can be satisfactorily ventilated by natural means par- 
ticularly during the mild weather when doors and windows can be kept 
open. However, the A.S.H.V.E. Code for Heating and Ventilating 
Garages, adopted in 1929 and revised in 1935, states that natural venti- 
lation may be employed for the ventilation of storage sections whore it is 
practical to maintain open windows or other openings at all limes. The 
code specifies that such openings shall be distributed as uniformly as pos- 
sible in at least two outside walls, and that the total area of such openings 
shall be equivalent to at least 5 per cent of the floor area. The code 
further states that where it is impractical to operate such a system of 
natural ventilation, a mechanical system shall be used whicli shall 
provide for either the supply of 1 cu ft of air per minute from out-of-doors 
for each square foot of floor area, or for removing the same amount and 
discharging it to the outside as a means of flushing the garage. 

Research 

Research on garage ventilation undertaken by the A.S.H.V.Ii. C'om- 
mittee on Research at Washington University, St. Louis, Mo., and at the 


•Code for Hcatiiw and Ventilating Ganiffes (A,S.H.VE Transactions, VoI. J15, 1020), (A.S.ILV.K. 
Repnnt, January, 1036). 

Airation Study of Garaffes, by W. C. Randall and L. W. Leonhard (A.S.H.V.E. TRANSAcrroNS, Vol. 30, 
1030) 

Carbon Monoxide Concentration in Garages, by A. S. Langsdorf and R. R. Tucker (A.S.n.V.E. Trans- 
actions, Vol 36, 1930). 


Cwbon Monoxide Distribution in Relation to the Ventilation of an Underground Ramp Garage, by 
F C Houghten and Paul McDermott (A S H V E. Transactions, Vol. 38, 1032) 

Carbon Monoxide Distribution in Relation to the Ventilation of a One-Floor Garage, by F. C. Houghten 
and Paul McDermott (ASHVE Transactions, Vol. 88, 


Carbon Monoxide Distribution in Relation to the Heating and Ventilation of a One-IHoor Cvarage, by 
F. C. Houghten and Paul McDermott (A S.H V E. Transactions, VoL 39, 1933). 

Carbon Monoxide Surveys of Two Garages, by A. H, Sluss, E. K. Campbell and Louis M. I^hrber 
(AS.H.VB Transactions, Vol, 40, 1934). 
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University of Kansas, Lawrence, Kans., in cooperation with the A.S.H. 
V.E. Research Laboratory, and at the A.S.H.V.E. Research Laboratory 
has resulted in authoritative papers on the subject. 

Some of the conclusions from work at the Laboratory are listed below : 

1 Upward ventilation results in a lower concentration of carbon monoxide at the 
breathing line and a lower temperature above the breathing line than does downward 
ventilation, for the same rate of carbon monoxide production, air change and the same 
temperature at the 30-in. level 

2. A lower rate of air change and a smaller heating load are required with upward 
than with downward ventilation. 

3. In the average ca^ upward ventilation results in a lower concentration of carbon 
monoxide in the occupied portion of a garage than is had with complete mixing of the 
exhaust gases and the air supplied^ However, the variations in concentration from 
point to point, together with the possible failure of the advantages of upward ventilation 
to accrue, suggest the basing of garage ventilation on complete mixing and an air change 
sufficient to dilute the exhaust gases to the allowable concentration of carbon monoxide 

4. The rate of carbon monoxide production by an idling car is shown to vary from 
25 to 60 cfh, with an average rate of 36 cfh. 

6. An air change of 350,000 cfh per idling car is required to keep the carbon monoxide 
concentration down to one part in 10,000 parts of air. 


PROBLEMS IN PRACTICE 

1 • Wliat factors may make the adoption of a system of ventilation depending 
upon wind movement inadvisable in new construction? 

o. Vanation in direction of wind. 

6. Variation in wind veloaty. 
c Inability to clean incoming air. 

d. Inability to control location, size and shape of buildmgs on adjacent property. 

£. Unsatisfactory warming of incoming air during cold weather. 

2 9 a. What factors are important in the location and control of ventilating 
openings? 

h. What types of ventilating openings are best suited to a proper distribu- 
tion of the air supplied? 

a. The proper distribution of air as required by the occupants, and the best utilization 
of natum ventilatmg forces. The general rules on page 93 apply particularly to these 
factors. 

b. Windows with swinging sash and openings with deflectors may be used to direct air 
to the points desired. 

3 9 a. What is the best location for ventilating openings? 

b. How are the sizes of ventUating openings determined for proper air 
supply? 

o. Inlet openings should be low and facing the prevailmg winds where possible. Outlet 
openings should be high and on the side opposite the prevailing winds 
&. For simple openings use Formula 1: 

<2 = EAV 

and for stacks use Formula 2; 

Q = 9iA ^ H{t- to) 

The use of these formulae is illustrated in Example 1 of the text of this chapter Inlet 
and outlet areas should be approximately the same for best results 
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4 0 a. What are the advantages of roof ventilators? 

b. How are proper sizes determined for roof ventilators? 

a Roof ventilators offer the best utilization of the inductive force ol the wind, and they 
may be very economically fitted with built-in fans to supply the necessary circulation 
when the force of the wind is not sufficient. 

b Because of the many factors affecting the flow through root ventilators no accurate 
formula can be given. It is usual practice to make the combined throat area of all 
roof ventilators between one-half area and full area of the air inlets as determined by 
Formula 1. 


5 0 What methods of control are used in ventilating systems? 

Hand control, control by a thermostat located in the ventilated space or in the venti- 
lator, or wind velocity control designed to keep the air discharge constant regardless 
of wind velocity 

6 0 How is the quantity of air required for a building dclermined? 

Sufficient air must be supplied to carry away the heal and impuiities generated within a 
building. The temperature rise and concentration of impurities m the exhaust air must 
be helcf within specified limits (See Example 2.) 

7 0 What measurements are necessary to determine the capacity of a venti- 
lating system? 

Wind velocity and air velocities through openings, determined by suitable anemo- 
meters, outdoor air temperatures, measured by a shaded thermometer not near objects 
heated by the sun or near exhaust air openings, indoor air temperatures, measured at 
various heights to secure a good average 


8 0 How much air must be supplied for dissipating the heat generated in a 
dairy ham housing 100 cows if the outside temperature is 20 F and the inside 
temperature is to be maintained at 45 F? 


The total heat generated is 100 X 3000 « 300,000 Btu per hour 
Formula 3, 


Q 


vn 

c '60 (t - to) 

_ 13.5 X 300,000 
0.24 X m (45 ■’-'20) 


Then from 


» 11,250 cfm. 

This amount of air should also keep down humidity and odors. 


9 0 a. What precaution is necessary in the ventilation of garages using natural 
ventilation? 

h. How much window area is required for a garage with 50 x 100 sq ft door 
area if natiural ventilation is used? 

а. The carbon monoxide content of the air should be kept below 1 part in 10,000 and 
windows should be kept open at all times 

б. The window area should aggregate 5 per cent of the floor area. 

0.05 X 50 X 100 « 250 sq ft of window area. 

This area should be evenly distributed along two sides of the building. 
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HEAT TRANSMISSION COEFnCIENTS 
AND TABLES 


Metho^ of Heat Transfer, Coefficients, Conductivity of Homogeneous 
Materwls^ Surface Conductance Coefficients, Air Space Conductance, 
Practical Coefficients, Table of Conductivities and Conductances, 
Tables of Over-all^ Coefficients of Heat Transfer for Typical Building 
Construction, Combined Coefficients of Transmission 

I N order to maintain comfortable living temperatures within a building 
it is necessary to supply heat at the same rate that it is lost from the 
building. The joss of heat occurs in two ways, by direct transmission 
through the various parts of the structure and by air leakage or filtration 
between the inside and outside of the building. The purpose of this 
chapter is to show methods of calculation and to give practical trans- 
mission coefficients which may be applied to various structures to deter- 
mine the heat loss by direct transmission. The amount lost by air 
filtration is determined by different methods, as outlined in Chapter 6, 
and must be added to that lost by direct transmission to obtain the total 
heating plant requirements. 

METHODS OF HEAT TRANSFER 

Heat transmission between the air on the two sides of a structure takes 
place by three methods, namely, radiation, convection and conduction. 
In a simple wall built up of two layers of homogeneous materials separated 
to give an air space between them, heat will be received from the high 
temperature surface by radiation, convection and conduction. It will 
then be conducted through the homogeneous interior section by con- 
duction and carried across to the opposite surface of the air space by 
radiation, conduction and convection. From here it will be carried by 
conduction through to the outer surface and leave the outer surface by 
radiation, convection and conduction. The process of heat transfer 
through a built-up wall section is complicated in theory, but in practice 
it is simplified by dividing a wall into its component parts and considering 
the transmission through each part separately. Thus the average wall 
may be divided into external surfaces, homogeneous materials and interior 
air spaces. Practical heat transmission coefficients may be derived which 
will give the total heat transferred by radiation, conduction and convec- 
tion through any of these component parts and if the selection and method 
of applying these individual coeffiaents is thoroughly understood it is 
usually a comparatively simple matter to calculate^ the over-all heat 
transmission coefficient for any combination of materials. 
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HEAT TRANSFER COEFFICIENTS 


The symbols representing the various coefficients of hcdt transmission 
and their definitions are as follows: 


U = thermal transmittance or over-all coefficient of heat transmission , the amount of 
heat expressed in Btu transmitted in one hour per square foot of the wall, lloor, rool or 
ceiling for a difference in temperature of 1 deg F between the air on the inside and that 
on the outside of the wall, floor, roof or ceiling 

k = thermal conductivity, the amount of heat expressed in Btu transmitted in one 
hour through 1 sq ft of a homogeneous material 1 in. thick for a ddference in temperature 
of 1 deg F between the two surfaces of the material.^ The conductivity of any nuiterial 
depends on the structure of the material and its density. Heavy oi dense materials, the 
weight of which per cubic foot is high, usually transmit more heat than light or less dense 
materials, the weight of which per cubic foot is low. 

C = thermal conductance, the amount of heat expressed in Btu Lransmittcil in one 
hoar through 1 sq ft of a non-homogeneous material tor the thickness or t>pe under 
consideration for a difference in temperature of 1 deg F between the two surl.ices of the 
material Conductance is usually used to designate the he^it tran.smitteil through such 
heterogeneous materials as plaster board and hollow clay tile 

/ = film or surface conductance, the amount of heat expressed in Btu transmitted by 
radiation, conduction and convection from a surface to the air surrounding it, or vice 
versa, in one hour per square foot of the surface for a difference in temperat ure of 1 deij; F 
between the surface and the surrounding air To differentiate between inside and outside 
wall (or floor, roof or ceiling) surfaces, ft is used to designate the inside film or surface 
conductance and /o the outside film or surface conductance. 

a « thermal conductance of an air space, the amount of h&it expressed in Btu trans- 
mitted by radiation, conduction and convection in one hour through an area of 1 sq it of 
an air space for a temperature difference of 1 deg F. The conductance of an air apace 
depends on the mean absolute temperature, the width, the position and the character of 
the materials enclosing it. 

R = resistance or resistivity which is the reciprocal of transmission, conductance, 
or conductivity, %.e : 


1 

U 

I 

k 

J 

C 

T 

a 


» over-all or air-to-air resistance, 
w internal resistivity. 

» internal resistance. 

» film or surface resistance, 
e air-space resistance. 


As an example in the application of these coc^fFicicnts aSwSume a wall 
with over-all coefficient 27. Then, 

( 1 ) 

where 

H « Btu per hour transmitted through the material of the wall, glass, roof or 
floor. 

A « area in square feet of wall, glass, roof, floor, or material, taken from building 
plans or actually measured (Use the net inside or heated surface dimensions 
in all cases.) 

/ “ /o *= temperature difference between inside and outside air, in wliich / must always 
be taken at the proper level. Note that t may not be the bre.athinz4ine 
temperature in all cases. 
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If the heat transfer between the air and the inside surface of the wall 
is being considered, then, 

H = ( 2 ) 

where 

fi = inside surface conductance 

t and ti = the temperatures ot the inside air and the inside surface of the wall re- 
spectively. 

In practice it is usually the over-all heat transmission coefficient that is 
required. This may be determined by a test of the complete wall, or 
it may be obtained from the individual coefficients by calculation. The 
simplest method of combining the coefficients for the individual parts of 
the wall is to use the reciprocals of the coefficients and treat them as 
resistance units. The totd over-all resistance of a wall is equal numeri- 
cally to the sum of the resist^ces of the various parts, and the reciprocal 
of the over-all resistance is likewise the over-all heat transmission coef- 
ficient of the wall. For a wall built up of a single homogeneous material 
of conductivity k and x inches thick the over-all resistance, 


1 1 , , 1 
~u “ T+X + TT 


If the coefficients /i, fo and fe, together with the thickness of the material 
X are known, the over-all coefficient U may be readily calculated as the 
reciprocal of the total heat resistance. 

For a compound wall built up of three homogeneous materials having 
conductivities fei, and As and thicknesses Xi^ xz and Xz respectively, and 
laid together without air spaces, the total resistance, 


-L. -L 3- JL 4. 3_ 4_ -L 
27 “ /l A, A, A, /o 


(4) 


For a wall with air space construction consisting of two homogeneous 
materials of thicknesses Xi and xz and conductivities ki and A2, respectively, 
separated to form an air space of conductance a, the over-all resistance, 


U 


1 , Xi , I , Xt 

TT X X 



(5) 


Likewise any combination of homogeneous materials and air spaces can 
be put into the wall and the over-all resistance of the combination may be 
calculated by adding the resistances of the individual sections of the wall. 
In certain special forms of construction such as tile with irregular mr 
spaces it is necessary to consider the conductance C of the unit as built 
instead of the unit conductivity A, and the resistance of the section is 


equal to -gr. 


The method of calculating the over-all heat transmission 


coefficient for a given wall is comparatively simple, but the selection of 
the proper coefficients is often complicated. In some cases the construc- 
tion of the wall is such that the substituting of coefficients in the accepted 
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formula will give erroneous results. This is the case with irregular cored 
out air spaces in concrete and tile blocks, and walls in which llicre are 
parallel paths for heat flow through materials having different heat 
resistances. In such cases it is necessary to resort to lest nielhods to 
check the calculations, and in practically all cases it has been necessary 
to determine fundamental coefficients by test meLliods. 

Conductivity of Homogeneous Materials 

The thermal conductivity of homogeneous malcM-ials is ell eel cd by 
several factors. Among these are the density of the nialerial, the amount 
of moisture present, the mean temperature at which the coefficient is 
determined, and for fiberous materials the arrangcinenl of fiber in the 
material. There are many fiberous materials used in building construc- 
tion and considered as homogeneous for the purpose of caU'ulation, 
whereas they are not really homogeneous but are merely consid(M*cHl so as a 
matter of convenience. In general, the thermal conductivity of a inaterial 
increases directly with the density of the material, increas(\s witli the 
amount of moisture present, and increases with the mean temperature at 
which the coefficient is determined. The rate of increase for tlu‘se various 
factors is not the same for all materials, and in assigning proper coef- 
ficients one should make certain that they apply for the conditions under 
which the material is to be used in a wall. Failure to do this may result 
in serious errors in the final coefficients. 

Surface Conductance CoefHdents 

Heat is transmitted to or from the .surface of a wall by a ('ombinalion 
of radiation, convection and conduction. The coefficient will be effc'cted 
by any factor which has an influence on any one of these three nu'thods of 
transfer. The amount of heat by radiation is controlled by llu‘ ('haracler 
of the surface and the temperature difference between it and the sur- 
rounding objects. The amount of heat by conduction and convection is 
controlled largely by the roughness of the surface, by th(‘ air movement 
over the surface and by the temperature difference between tlu‘ air and 
the surface. Because of these variables the .surfacij co(*flici(Mits may be 
subject to wide fluctuations for different materials and different con- 
ditions. The inside and outside cocfficients/i and/o are in gcmeral effected 
to the saine extent by those various factors and test coeflicients deter- 
mined for inside surfaces will apply equally well to outside surfaevs under 
like conditions. Values for/x in still and moving air at different mean 
temperatures have been determined for v<yious building materials at the 
University of Minnesota under a cooperative agreement with the Society.^ 

The relation obtained between surface conductances for different 
materials at mean temperatures of 20 F is shown in h'ig, 1. These values 
were obtained with air flow parallel to the surface and from other tests in 
which the angle of incident between the direction of air flow and the 
surface was varied from zero to 90 deg it would appear that these values 
might be lowered approximately 15 per cent for average conditions. 
While for average building materials there is a difference due to mean 


^Surface Conductances as Affected by Air Velocity, Temperature and Clumvcter of Suilu(*e, by K H. 
Rowley, A H. Algren and T L BlackaUaw (A S 11 V.fc TRANSAtTiON«, Vol. Htt, ItKiO). 
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temperature, the greatest variation in these coefficients is caused by the 
character of the surface and the wind velocity. If other surfaces, such as 
aluminum foil with low emissivity coefficients were substituted, a large 
part of the radiant heat would be eliminated. This would reduce the 
total coefficient for all wind velocities by about 0.7 Btu and would make 
but very little difference for the higher wind velocities. In many cases in 
building construction the heat resistance of the internal parts of the wall 
is high as compared with the surface resistance and the surface factors 
become of small importance. In other cases such as single glass windows 
the surface resistances constitute practically. the entire resistance of the 



structure, and therefore become important factors. Due to the wide 
variation in surface coefficients for different conditions their selection for 
a practical building becomes a matter of judgment. In calculating the 
over-all coefficients for the walls of Tables 3 to 12, 1,65 has been selected 
as an average inside coefficient and 6.0 as an average outside coeffident 
for a 15-mile wind velodty. In spedal cases where surface coeffidents 
become important factors in the over-all rate of heat transfer more 
selective coefficients may be required. 

Air Space Conductance 

Heat is conducted across an air space by a combination of radiation, 
conduction and convection. The amount of heat by radiation is governed 
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largely by the nature of the surface and the lemperaUiro difleronce 
between the boundary surfaces of the air space. (Conduction and con- 
vection are controlled largely by the width and shape of the air .space and 
the roughness of the boundary surfaces. The Lhcnnal rcsistanivs of air 
spaces bounded by extended parallel surfaces perpendicular to the 
direction of heat flow and at different mean temperatures have been 
determined for average building materials at the I hu versity of Minnesota 
in a cooperative research program with the Society. 

The values given in Table 1 show the results of this study and apply to 
air spaces bounded by such materials as paper, wood, plaster, etc., 
having emissivity coefficients of from 0.9 to 0.95. The conduc'tivity 
coefficients decrease with air space width until a width ol about in. has 
been reached, after which the width has but very little effect. In these 

Table 1 Conductances of Air SPACEsaAT Various Mean Temperatures 


CoNDTJCXANcaa OF Am Sp\cas fob Vabioub Wiutiw in ImniiiB 


Tbmp 

Dbq Pahb 

0.128 

0 250 

0 564 

0 493 

0.713 

1.00 

l.SOO 

20 

2 300 


1.180 

1 100 

1 040 


1.022 

30 

2.385 

1 425 

1.234 

1.148 

1.080 

BlilRil 

1.065 

40 

2 470 


1 288 

1.193 

1.12S 


1.105 

SO 

2 560 

1 535 

1.340 

1.242 

1 168 


1.149 

60 

2.650 


1.390 

1.295 

1.210 

1.195 

1.188 

70 

2.730 

1 648 


1 340 

1 250 

1.240 

1.228 

80 

2.819 

1 702 

1.492 

1.390 

1.295 

1.2«0 

1.270 

90 

2 908 

1 757 

t 547 

1.433 

1.340 

1..820 

1.310 

100 

2.990 

1 813 

1 600 

1.486 

1.380 

1.562 

l.s3S0 

no 

3.078 


1.650 

1.534 

1.425 

1.402 

1.392 

120 

3.167 

1.928 

1 700 

1.580 

1.467 

1.445 

1.435 

130 

3.250 


1.750 

1.630 

1.510 

1.485 

1.475 

140 

3.340 



1.680 

1.550 

1.530 

1.519 

150 

3.425 

2.090 

1.852 

1.728 

1.592 

l.S6<) 

1.559 


•Thermal Resletance of Air Spaces by F B Rowley and A. B. Algren (A S.n.V.E. Transactions, 
Vol 36, 1920). 


coefficients radiation is a large factor, and if surfaces with low emissivity 
coefficients are substituted for ordinary building materials the total 
amount of radiant heat will be reduced. The reduction in radiant heat 
caused by the low emissivity surface is independent of width of air space. 
Values of air spaces lined with bright foil on one or both sides for widths 
of ^ in. and % in. are shown in Table 2 of conductivities. In assigning 
these values to a practical condition one must be certain that the surfacx's 
of the material will be maintained in a polished condition and not allowed 
to tarnish and become coated with dust or moisture. The low emissivity 
coefficient is entirely a surface characteristic and if the surface is covered 
with any foreign material it will not reflect the heat any more than a 
mirror so covered would reflect light. 

In comparing the conductance coefficients for air spaces with and with- 
out bright metallic surface lining it should be noted that the rwlutiion in 
heat transfer is substantially as great when one surface is linwl as it is 
when both surfaces are lined. The reason for this is that practically 
96 per cent of the total radiant heat is intercepted by one surface lining 
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and there is but a small amount left to be stopped by the second surface 
lining. The effect of any low emissivity surface in stopping the trans- 
mission of radiant heat is the same regardless of whether it is on the high 
or low temperature side of the air space. For materials such as aluminum 
or bronze paint which stop only a small percentage of radiant heat there 
IS a greater percentage of gain by addition of a second surface lining. 

PRACTICAL COEFFICIENTS 

For practical purposes it is necessary to have average coefficients that 
may be applied to yarious materials and types of construction without 
the necessity of making tests on the individual material or combination of 
materials. In Table 2 coefficients are given for a group of materials which 
have been selected from various sources Wherever possible the proper- 
ties of material and conditions of tests are given. However, in selecting 
and applying these values to any construction a reasonable amount of 
caution is necessary; vanations will be found in the coefficients for the 
same inaterials, which may be partly due to different test methods used, 
but which are largely due to variations in materials. The recommended 
coefficients which have been used for the calculation of over-all coefficients 
as given in Tables 3 to 12 are marked by an asterisk. 

It should be recognized in these tables of calculated coefficients that 
space limitations will not permit the inclusion of all the combinations of 
materials that are used in building construction and the varied applications 
of insulating materials to these constructions T 3 ^ical examples are given 
of combinations frequently used, but any speaal construction not given in 
Tables 3 to 12 can generally be computed by using the conductivity values 
given in Table 2 and the fundamental heat transfer formulae. For 
example, the tabulation of all of the values for multiple layers of insulating 
materials would present extensive and detailed problems of calculations 
for the varied application combinations, but the engineer having the 
fundamental conductivity values can quickly obtain the proper coefficients. 

Attention is called to the fact that the conductivity values per inch of 
thickness do not afford a true basis for comparison between insulating 
materials as applied, although they are frequently used for that purpose. 
The value of an insulating material is measured in terms of its heat 
resistance, which not only depends upon the thermal conductivity coef- 
ficient per inch but also upon the thickness as installed and the manner of 
installation. For instance tjie material having a coefficient of 0.50 and 
1 in. thick is equal in value to a material having a coefficient of 0.25 and 
a thickness of H in. Certain types of blanket installations are designed 
to be installed between the studs of a frame building in such manner as to 
give two air spaces. In order to get the full value of such materials they 
should be so installed that each air space is approximately 1 in. or more 
in thickness and the air spaces should be sealed at the top and bottom to 
prevent the circulation of air from one space to the other. Another 
common error in installing such a material is to nail the blanket on the 
outside of the studs underneath the sheathing, in which case one air 
space is lost and also the thickness of the insulating material is materi^ly 
reduced at the studs. There are certain other types of insulation which 
are very porous, allowing air circulation within the material if not 
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properly installed. Besides the thermal conductivity there are such 
properties as resistance to rot, vermine and fire which should be con- 
sidered in making comparisons. 

Computed Transmission Coefficients 

Computed heat transmission coefficients of many common types of 
building construction are given in Tables 3 to 13, inclusive, each con- 
struction being identified by a serial number. For example, the coefficient 
of transmission (Z7) of an 8-in. brick wall and in. of plaster is 0.46, and 
the number assigned to a wall of this construction is 1-B, Table 3. 

Example 1. Calculate the coefficient of transmission ( Z7) of an 8-in. brick wall with 
3^ in of plaster applied directly to the intenor surface, based on an outside wind exposure 
of 15 mph. It is assumed that the outside course is of hard (high density) bnck having a 
conductivity of 9.20, and that the inside course is of common (low density) bnck having 
a conductivity of 5 0, the thicknesses each being 4 in The conductivity of the plaster is 
assumed to be 3 3, and the inside and outside surface coefficients are assumed to average 
1.65 and 6 00, respectively, for still air and a 15 mph wind velocity 

Solution k (hard high density brick) = 9 20, a: = 40 m;^ (common low density 
brick) = 6 0; » = 4 0 m., k (plaster) = 3.3, a: = H in ;/i = 1 65;/o = 60 Therefore. 




1 


4.0 4.0 

6.0 9.20 5.0 


+ 


M. I 1 
3.3 1.65 


1 

“ 0.167 4- 0.436 4- 0.80 4- 0.152 4- 0 606 

= 0.46 Btu per hour per square foot per degree Fahrenheit difference in tempera- 
ture between the air on the two sides. 


The coeffidents in the tables were determined by calculations similar 
to chose shown in Example 1, using Fundamental Formulae 3, 4 and 5 
and the values of k (or C),fu fo and a indicated in Table 2 by asterisks. 
In computing heat transmission coeffidents of floors laid directly on the 
ground (Table 10), only one surface coeffident (/i) is used. For example, 
the value of U for a 1-in. yellow pine floor (actual thickness, 25/32 in.) 
placed directly on 6-in. concrete on the ground, is determined as follows • 

U = — = 0.48 Btu per hour per square foot per degree difference 

1 0.781 6.0 

1.65 0.80 12.0 

in temperature between the ground and the air immediately above the floor. 

Rigid insulation refers to the so-called board form which may be used 
structurally, such as for sheathing. Flexible insulation refers to the 
blankets, quilts or semi-rigid types of insulation. 

Actual thicknesses of lumber are u^ in Ae computations rather than 
nominal thicknesses. The computations for wood shingle roofs applied 
oyer wood stripping are based on 1 by 4 in. wood strips, spaced 2 in. apart. 
Since no rdiable figures are available concerning the conductivity of 
Spanish and French day roofing tile, of which there are many varieties, 
the figures for such types of roofs were taken the same as for slate roofs, as 
it is probable that the values of U for these two types of roofs will 
compare favorably. 
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Table 2. Conductivities {k) and Conductances (C) of Building 
Materials and Insulators^ 


The coefficients are expressed tn Btu per hour per square foot per degree Fakrenhett per 1 in thickness, 
unless otherwise indicated 


Material 

Description 

Density 
(Lb fbr Cu Ft) 

il 

li 

3 § 

i I 

1 1 
o o 

T.T 

1 1 

s s 

Authority 

Cement 

Fine 
Aggre- 
gate 
0-No 4 

Coarse 
Aggre- 
gate 
No 4-H 

Slump 

Per 

Cent 

Voids 


1 

2 00 

2 75 

0 

11 5 

144 7 

75 06 

13 10 

0 08 



1 

2 75 

4 50 

0 

10 9 

145 7 

74 77 

12 90 

0 08 

(4) 


1 

3 SO 

5 SO 

0 

11 2 

144 5 

75 00 

13 20 

0 08 

(4) 


1 

2 00 

2 75 

5 

13 9 

142 5 

75 SO 

12 10 

0 08 

W 


1 

2 00 

2 75 

5 

13 9 

142 5 

74 74 

12 40 

0 08 

W 

Sa.ND A.ND GrAVBL, 

1 

2 75 

4 50 

5 

14 6 

141 1 

73 30 

12 40 

0 08 

(4) 

CONOBBTE 

1 

2 75 

4 50 

5 

14 6 

141 1 

74 89 

12 10 

0 08 

(4) 


1 

3 50 

5 50 

5 

14 7 

139 2 

74 SO 

12 85 

0 08 

W 


1 

3 50 

5 50 

5 

14 7 

139 2 

75 15 

12 SO 

0 08 

(4) 


Avg Value for Sand and Gravel Concrete . 

142 3 


12 62 

— • 

- 


1 

WtfM 

2 75 

0 

16 6 

135 3 

74 87 

11 20 

0 09 

(4) 


1 

2 75 

4 50 

■■ 

15 4 

137 8 

75 18 

12 00 

0 08 



1 

3 SO 

5 50 

mm 

16 3 

136 4 

74 75 

11 50 

0 09 

4 


1 

2 00 

2 75 

3 

20 9 

130 1 

74 85 

10 50 

■SB 

(4) 

Limbstonb Conorbtb 

1 

2 75 

4 50 

3 

23 4 

126 0 

74 45 

10 00 




1 

3 SO 

5 SO 

3 

23 4 

127 3 

75 26 

9 79 

mm 

(4) 


Avg Value for Limestone Concrete. 


132 15 

— 

10 83 

' - 

- 


1 

2 00 

2 75 

0 

18 2 

103 6 

75 26 

4 63 

0 22 



1 

2 75 

4 50 

0 

19 9 

98 7 

75 71 

4 30 

0 23 

(4) 


1 

3 SO 

5 50 

0 

21 4 

92 0 

75 72 

3 73 

0 27 

(4) 

CiNDSR Conorbtb 

1 

2 00 

2 75 

3 

22 8 

101 4 

74 95 

4 89 

0 20 



1 

2 75 

4 SO 

3 

26 0 

94 0 

75 20 

4 38 

0 23 

4) 


1 

3 SO 

5 SO 

3 

24 4 

94 4 

75 55 

4 24 

0 24 

(4) 


Avg Value for Gmder Concrete . . 

97 35 

- 

4 86 

- 

-- 


1 

2 00 

2 75 

0 


80 7 

74 82 

4 15 

0 25 



1 

2 75 

4 50 

0 

19 8 

mam 

75 75 

3 78 

0 26 

4) 


1 




21 8 

71 7 

74 82 

3 67 

0 27 

(4) 


1 


2 75 

4 

21 2 

78 8 

74 76 

4 38 

0 23 

4) 

Hatditb ... 

1 

2 75 

4 50 

4 

22 2 

72 4 

75 39 

3 89 

0 26 

4) 


1 

2 75 

4 SO 

4 

22 2 

72 4 

75 49 

3 86 

0 26 

4) 


1 

3 50 

5 SO 

4 

23 9 

71 0 

75 46 

4 00 

0 25 

(4) 


Avg Value for Haydite . . 

74 57 


3 96 

- - 

1 - 


Authorities 

S Bureau of Standards, tests based on samples submitted by manufacturers 
*A C Willard, L C Lichty, and L A Harding, tests conducted at the University of Illinois 

C Peebles, tests conducted at Armour Institute of Technology, based on samples submitted by 
manufacturers 

^F. B Rowley, teats conducted at the Umversity of Mmnesota 
*A S H V E Research Laboratory. 

•E A Allcut, testa conducted at the University of Toronto 
^Leea and Charlton. 

^Recommended conductivities and conductances for computing heat transmission coeffiaents 


tFor thickness stated or used on construction, not per 1-in thickness 
*For additional conductivity data see Chapters 3 and 15, 1937 A S RF Data Book 
Hf outside surface of block is painted with an impervious coat of paint, add 0 07 to resistance for sand 
and gravel blocks Add 0 18 to resistance for ander blocks Add 0 17 to resistance for haydite blocks 
^Recommended value See Heating, Ventilating and Air Conditiomng, by Harding and Willard, revised 
edition, 1932 

<*See A S H V E Research Paper, Conductivity of Concrete, by F C Houghten and Carl Gutberlet 
(A S H V E Transactions, Vol 38, 1932) 

•The 6-in , 8-in , and 10-in hollow tile figures are based on two cells in the direcUon of heat flow The 
12-in hollow tile is based on three cells m the direction of heat flow The 16-in hollow tile consists of one 
10-in and one fl-in tile, each having two cells in the direction of heat flow 


/Not compressed 

ffRoofing, 0 15-in thick (1 34 lb per sq ft), covered with gravel (0 83 lb per sq ft), combined thickness 
assumed 0 25 


107 











American SociETy of Heating und Ventilating Engineers Guide, 1937 


Table 2, Conductivities ( k ) and Conductances (C) of Building 
Materials and Insulators— Continued 

Tke coeMcients are expressed in Btu per how per square foot per degree Fahrenheit per 1 in thickness 
unless othenjjise indicated 


Material 

Description 

ts 

O 

|l 


Cement 

Fine 
Aggre- 
gate 
0-No 4 

Coarse 

^ Slump 
No 4r}4 

Per 

Cent 

Voids 

i! 

I<3 

5 = 

Sa 

ExPumnDBuBNBD Onar 

1 

8 00 


18 4 

57 9 

75 57 

Stbau Tbsatbi} LiMiBTOira Slag 

1 

7 00 


27 1 

74 6 

74 49 

Pmoos Mdusd in Calit „ 

1 

8 00 


26 5 

65 0 

74 68 

Bt-PbODUCT of MANUFACTUaB 

1 

8 00 

r meness 
Modulus 

25 5 

86 6 

74 62 

OF Phospoates . 

1 

8 00 

3 75 

21 1 

91 1 

74 43 

HAYDim 

1 

8 50 


21 8 

67 1 

75 89 


1 

8 50 


21 8 

67 1 

74 60 


Si 8 X UlMi encanoih Woeta 



Sand and gravel aggregate . . 

Sand and gravel aggregate used for oalou- 
lations ^ 

Cores filled with 5 14 lb density cork . 

Crushed lunestono aggregate 
Cinder aggregate 

Cinder aggregate used for calculations 
Cores fill<^ with 69 7 lb density omders 
Cores filled with 5 12 lb density cork _ 
Cores filled with 14 2 lb density rock wool 

Co^fiUeS^^ 5 06 lb density cork 


I « 12 X 16 ^owal n* conoMp biocli 


iai h hiH «i 


Sand and gravel aggregate 
Sand and gravel aggregate used for calcu- 
lations 

Cinder agnate 

Cores filled with 5 24 lb density cork _ 

Haydite aggregate 

Cores filled with 5 6 lb density oork 



Cinder agvegate 
Double wall with 1 in air bj 
1 in spacefilled with 9 97 11 


100 0 

40 

1 OO'f 

1 00 

100 0 

40 

0 358 f 

2 70 

100 0 

40 

0 204t 

4.90 


5 X 8 X 12 blodc sand and gravel aggregate^ 


For notes see Page 107 
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For notes see page 107. 
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Table 2. Conductivities (k) and Conductances (C) of Building 
Materials and Insulators — Continued 


The coejffictenis are expressed tn Btu per hour per square foot per degree Fahrenheit per 1 tn thickness, 
unless otherwise indicated 




















H H 



Material 

Description 

p 

o 

II 

li 

II 

|s| 

g p 

i s i 

S 1 



SB 

1 1 
5 5 

1 

insulation-loose 







fill or bat type 

—Continued 

FiMa. » 

Fibrous znstenal made from dolomite and 







silica 

1 SO 

75 

0 27 

3 70 

(3) 


Fibrous material made from slag .. . 

9 40 

103 

0 27 

3 70 

(1) 

GLikSS Wool . _ .. 

Fibrous material 25 to 30 microns in diar 





(3) 


meter, made from virgin bottle glass 

1 50 

75 

0 27 

3 70 

GaisroLia _ . 

Made from oombmed silicate of lime and 

n.lnmiTiii 

Made from expanded aluminum-magnesium 

4 20 

72 

0 24 

4 17 

(3) 

(3) 


sihcate . 

6 20 

42 

0 32 

3 12 

Gypstim 

Cellular, dy. 

30 00 

90 

1 00 

1 00 



24 00 

90 

0 77 

1 30 



« u 

18 00 

90 

0 59 

1 69 



u u 

12 00 

90 

0 44 

2 27 



FlaW, d^ and fluffy/. ... 

34 00 
26 00 

90 

90 

0 60 

0 52 

1 67 

1 92 



« « a B 

24 00 

75 

0 48* 

2 08 

(3) 


« « B « 

19 80 

90 

0 35 

2 86 



B < « B 

18 00 

75 

0 34 

2 94 

(3) 

Minbral Wool. . . ... .. 

All fonns, typical ... 



0 21* 

3 70 

Rbosandlatbid CoSEL_ . . 

About particles . 

8 10 

90 

0 31 

3.22 

(i) 

Rock Wool . . . . _ . 

Fibrous matmial made from rock 

21 00 

90 

0 30 

3.33 



B B « B B 

18 00 

90 

0 29 

3 45 



B B « B B 

14 00 

90 

0 28 

3 SI 

(1) 


B B a B B 

10 00 

90 

0 27* 

3 70 

(1) 


Rook wool With a binding agent . 

14.50 

77 

0 33 

3 03 



Rook wool with flax, straw pulp, and bmder 
Rock wool with veg^ble fibers 

14 50 

75 

0.38 

2 63 

(3) 

Sawdust- 

11 50 

72 

0 31 

3 22 

3) 

Various __ 

12 00 

00 

0 41 

2 44 


Sbavinqs - 

Various from planer 

From maple, beech and I irch (coarse) . 

8 80 

90 

0.41 

2 44 



13 20 

90 

0.36 

2 78 



plywood bark 

3.00 

90 

0.31 

3 22 

(1) 

INSULATION-RIGID 







COBKBOARD 

Typical ... - . 

No added binder 



0 30* 

3.33 



14 00 

90 

0.34 

2 94 



« B B 

10 60 

90 

0 30 

3 33 

(1 


a B B * " 

7 00 

90 

0 27 

3 70 



« B B * ' 

5 40 

90 

0 25 

4.00 


Fibbr_ __ _ 

Asphaltic bmder 

Typical 

Cheouoally treated hog hair covered with 

14 50 

90 

0 32 

0 33* 

3.12 

3 03 

it ) 






film of asphalt-. 

10 OO 

75 

0 28 

3 57 

(3) 


Made from corn stalks . — . 

15 00 

71 

0.33 

3.03 

(3) 


* * exploded wood fibers. 

17.90 

78 

0 36 

3 12 

(4) 


“ * hard wood fibers 

15.20 

70 

0.32 

3 12 

(3) 


Insulating plaster 9/10-ia thick applied to 
^in j^ter board base . . ... 

Mw from liconoe roots . ... 

54 00 
16 10 

75 

81 

1.07t 

0.34 

0 93 

2 94 



Made from 85% mamesia and 15% asbes^ 
Made from shrMded wood and cement 

19 30 
24 20 

86 

72 

0 51 

0 46 

1 96 1 

2 17 

[51 


“ ^ sugar cane fiber ... 

Sugar eane fibtf insulatioa blocks encased in 

13.50 

70 

0 33 

3 03 1 

C3) 


asphalt membrane 

Made from wheat straw . ... 

13 80 
17.00 

70 

68 

0 30 

0 33 

3.33 1 

3 03 1 

(3) 

3) 


• * wood fiber-. . 

15.90 

72 

0 33 

3 03 1 

U) 



15 00 

70 

0.33 

3 03 1 

3) 




52 

0 33 

3.03 1 



B B • “ « . 

8.50 

72 

0.29 

3 45 1 

3) 


B B B B 

15 20 

, , 

0.33 

3 03 1 

3) 


B B B B 

16.90 

90 

0 34 

2 94 1 

[1) 

BUILDING BOARDS 







Asdbstob . 

Compressed cement and asbestos sheets . 


86 

2 70 


[1) 


Corrugated asbestos board 

20 40 

110 

0 48 

2.08 

[2) 


For notes see Page 107. 
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Table 2 Conductivities { k ) and Conductances (C) of Building 
Materials and Insulators — Continued 

The coeMctents are expressed tn Btu per hour per square foot per degree Fahrenheit per 1 m thickness, 
unless cihermse indicated 



BUILDING BOARDS 
—Continued 
ASBia «TOb 


PLiSTBR Board 


PreoBed asbestos mill board . 

Sheet asbestos _ 

Gypsum betvieen layem of heavy paper _ 
Rigid, gypsum between layers of heavy 
paper thick) . 

Gypsum mixed with sawdust between layers 
of heavy pBpm'(039-ui thick) ... 


ROOFING CONSTRUCTION 
Roofing 


Asphalt, composition or prepared. . . 


Built up— J4*iR thick 

Built up, bitumen and fdt, gravel or slag 
surfacM^- . 

Plaster board, gypsum fiber concrete and 
3-ply roof covermg 2H thick 

Asbffltos 

Asphalt 

Slate . . .. ... 

Wood. 


PLASTERING MATERIALS 
Plabthk 


Mxital Lath and Plabtbr . 
Wood Lath ^nd Plastbr _ 


Cement . ... 

Gypsum, ^npica] ....... 

Thickness . . . . 

Total thickness H m 
J g-m plaster, total thickness ^ m . . . 


60 

SO 

86 

0 

84 

1 

19 


48 

30 

no 

0 

29 

3 

45 

2 

62 

80 

70 

1 

41 

0 

71 

(3) 

53 

SO 

90 

2 

60t 

0 

38 

(1) 

60 

70 

90 

3 

60t 

0 

28 

(1) 




3 

73f 

0 

27 




-• 

2 

82t* 

0 

35 

- 

70 

00 

75 

6 

sot* 

0 

15 

(3) 


- 

— 

3 

S3t* 

0 

28 

- 



- 

1 

33 

0 

75 

(2) 

52 

40 

76 

0 

S8t 

1 

72 

(4) 

65 

00 

75 

6 

oot* 

0 

17 

(3) 

70 

00 

75 

6 

sot* 

0 

15 

3) 

201 

00 


10 

,37* 

0 

10 

(7) 


* 

- 

1 

28t* 

0 

78 

— 




8 

00 

0 

13 

(2) 




3 

30* 

0 

30 

(4) 



73 

8 

80t 

0 

11 



. 

4 

40t* 

0 

23 

(4) 



70 

2 

‘JOt* 

0 

40 


BUILDING 

CONSTRUCTIONS 

Framb 


Flooring.. . 


l-iD fir sheathing and building paper. 

1-m fir sheathing, building paper, and 
yellow pine lap siding . . — . . 

l-in fur sheathing, building paper and stucco 
Pme lap siding and builoing papa— siding 
4 m wide. .... 

Yellow pine lap siding 
Maple-aeross gram . . . . . 

Battleship hnoleum (Hr ^ ) • • 


AIR SPACE AND SURFACE 
COEFFICIENTS 
AirSpaobs . . 

SURTAOBS, OrDINART. 


SuRFACB, Rough Stucco IS mph— (/ 

SuBFACB, Bright Aluminuh Still air ( Ji ) 


Over ^-m faced with ordinary building 

mate^ 

StiUairCA) • 


IS mi^— (/o) - 
IS mph — t/oj 
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Table 2 Conductivities (^) and Conductances (C) of Building 
Materials and Insulators— Continued 


Tfie coeMrttnts are expressed in Btu per hour per square fooi per degree Fahrenheit per 1 in thick nts!>, 
unless otherwise indicated 













S 





f*3 


I’i 



Material 

Description 

£ 

P 

h 

II 

5 8 

6 ^ 

E 



la 

1 1 
o o 
o u 

1 s s 

00 cq 

s 1 

0 

1 

AIR SPACES FACED WITH 







BRIGHT ALUMINUM 
FOIIj— C ontinued 

Air space divided in two with single cur(.un 
of bright aluminum foil (both siaos bright) 



0 2>t* 




Each space over %-in wide 


SO 

4 35 

(4) 


Each space ^ {rin. wide 
\\r space with multi];de curtains of bnd^t 
aluminum foil bnght on both sides, 
ourtaina more than $ 4 -m apart, air circu- 
lation between spac<M prevented 


so 

0 Uf 

0 tst* 

3 21 

(4) 

S'*! 


2 curtains, forming ^ siiacea 


so 

0 8 


3 curtains, forming 4 spaces 


so 

0 lit* 

9 22 

4) 


4 GUI tains, forming 5 spaces 


so 

0 oyf* 

11 6 

(4) 

SPACES FACED WITH NON- 







METALLIC REFLECTIVE 
SURFACE 

Fabric with non-metallic rofleebve surface 







(14 in thick) placed in center of a in 







air space 

Core at fiber board coatod two sides with 
non-metalho reflective surface in 

thick) plaood m space having approxi- 
mately % m air space on each side. 

Fibei board coatod one side with non- 


70 

0 lit 

3 1)3 



2] 1 

70 

0 27r 

3 71) 

(U 


metallic reflective surface 0^ in thick) 
placed m space having approximately 







H ui air space on each side 


75 

0.i9t 

2.M 


Air space divided in two with fabric faced 
both sides with non-metalho refloctivo 







surface, each space over M-in. wide 

Air space over J^-in wide faced one side 
with non-metaihe refloctivo surfoco 


40 

O.lll- 


W 



40 

0 ()71 

1 

(4 

WOODS (Across Grain) 









Balsa. . . 

. 

20 0 

90 

0 ;8 

1 72 

(1) 



8 8 

90 

0 38 

2 63 


Calitobnu Redwood 


7 3 

90 

0 13 

3 03 


0% moisture 

22 0 

7S 

0.6O 

1 53 

4) 


28.0 

75 

0 70 

1.4.3 

(4) 



22 0 

75 

0 70 

1 43 

(4) 

(4) 


28.0 

75 

0,75 

1.33 


! • 

22 0 

7S 

0,74 

1.35 

(4) 

Ctprsss... . 

16% « 

28 0 

75 

0 80 

1 25 

(4) 


28 7 

86 

0 67 

1 49 

(1) 

DooGLiS Fm 

0% moisture 

26 0 

75 

0,61 

1 64 

4) 


0% 

• 

8% “ 

16% “ 

16% « 

0% moisture 

34.0 

75 

0 67 

1 49 

4) 


26 0 

75 

0,66 

1 52 

(4) 


34 0 

75 

0.75 

1.33 

(4) 


26.0 

75 

0 76 

1.32 

(4 

Eastbsk Hxicloce 

34.0 

22 0 

7S 

7S 

0 82 
0,60 

1 22 
1,67 

(4) 

(4) 



30.0 

75 

0 76 

1 32 

4) 



22 0 

73 

0 63 

1.59 

4) 


.!» . 

30 0 

75 

0.81 

1 23 

(4) 


M « 

22 0 

75 

0.67 

1 49 

(4) 

Habd Mapuu. . . 

30 0 

75 

0 85 

1 18 

(4) 

0% mootiire 

40 0 

75 

1 01 

0.99 

(4) 


0% • 

46.0 

75 

1.05 

0 95 

4) 


8% * 

40 0 

75 

1 08 

0 93 

4) 


8% * 

46.0 

75 

1 13 

0 89 

(4) 


16% “ 

16% “ 

40 0 

75 

1 IS 

0 87 



46 0 

75 

1 21 

0 83 

4) 


For notes see Page 107 
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Table 3. Coefficients of Transmission (Z7) of Masonry Walls® 


CoeffictenLs are expressed tn Btu per hour per square foot per degree 
Fahrenheit difference in temperature between the atr on the two stdes, 
and are based on a wtnd velocity of 15 mPh 


TYPICAL 

CONSTRUCTION 


TYPE OF WALL 



Solid Brick 

Based on 4-in jbard bnck and the remainder 
common bnck 



HoUow TUe 
Stucco Extenor Fimsh 
The S>in and 10-m tile figures aie based on 
two cells m the direction of flow of heat The 
12-m tile 13 based on three cells m the direc- 
tion of flow of heat The 16-in tile consists 
ofonelO-in tile and one G-in tile each having 
two cells in the direction of heat flow. 



Limestone or Sandstone 



Concrete (Monolithic) 

These figures may be used with sufficient 
accuracy for concrete walls with stucco 
extenor fimsh 


Cinder (Monolithic) 
Conductivity ^ 4 30 


H^dite (Monolithic) 
Conductivity » 3 90 



Cinder Blocks 

Cores filled with dry anders, 09 7 lb per cu ft. 
Cores filled with granulated cork, 5.12 lb 
per cu ft 

Corea filled with rock wool, 14 2 lb per cu ft 
Based on one air (%11 in direction of heat flow 
Cores filled with granulated cork, 5 24 lb per 
cu ft. 

Concrete Blocks 

Cores filled with granulated cork, 5 14 lb per 
cuft 

Based on one air cell in direction of heat flow 
H^dite Blocks 

Cores filled with granulated cork, 5 00 lb per 


H^dite Blocks 

Cores filled with granulated cork, 6 6 lb per 
cu ft 


■Computed from factors marked by * in Table 2 
^Based on the actual thickness of 2*in fumng stnps 
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INTERIOR finish 


1 

rmNsnL&TXD Walls 

ImuLAim) Walls 

Flam wbUb — ^ no m- 
tenoT finish 

Plaster m ) on 

walls 

Plaster on wood 
lath — furred 

Plaster (5^ in ) on 
metal lath— furred 

Plaster m) on 

plaster board (^g 
m )— furred 

Decorated building 
board in ) with- 

out plater — ^furred 

Plaster (}4 m ) on 
rigid insulation Gi 
in ) — furred 

Plaster 04 m ) on 
rigid insulation (1 
in ) — furred 

it 

° S-§ 

S 

Ilf 9 

Plaster m) on 

metal lath attached 
to furring strm — 
furred space ^ver 
^^-in wide) faced 
one side with bright 
alummum foil 

Flastu* on metal 
lath attached to fur- 

in 

Plaster (H m) on 
metal lath attached 
to fumiu strips (2 
in 6) — flexible in- 
sulation m ) be- 

tween furring strips 
(one air space) 

A 

B 

G 

D 

£ 

F 

G 

H 

I 

J 

K 

L 

0 50 

0 46 

0 30 

0 32 

0 30 

0 23 

0 22 

0 16 

0 14 

0 23 

0 12 

0 20 

0 36 

0 34 

0 24 

0 25 

0 24 

0 19 

0 19 

0 14 

0 12 

0 19 

0 11 

0 17 

0 28 

0 27 

0 20 

0 21 

U 20 

. 

0 17 

0 16 

0 13 

0 11 

0 17 

0 10 

0 15 

0 40 

0 37 

0 26 

0 27 

0 26 


0 20 

0 15 

0 13 

0 20 

0 11 

0 18 

0 30 

0 37 

0 26 

9.27 

0 26 


0 19 

g»airl 

0 13 

0 20 

0 11 

0 IS 

0 30 

0 20 

0 22 

0 22 

0 22 


0 17 


.0 12 

0 17 


0 16 

0 25 

0 24 

0 19 

0 19 

0 19 


0 15 

n 

0 11 

0 15 

0 097 

0 14 

0 71 

0 64 

0 37 

0 30 

0 37 

0 20 

0 23 

0 28 

0 15 

0 26 

0 13 

0 23 

0.58 

0 63 

0 33 

0.34 

0 33 

0 24 

0 23 

0 17 

0 14 

0 24 

0 13 

0 21 

0 49 

0 4f> 

0.30 

0 31 

0 30 

0 22 

0 22 

0 16 

0 14 

0 22 

0 12 

0 20 

0 37 

0 36 

0 25 

0 26 

0 25 

0 20 

0 19 

0 15 

0 13 

0 20 

0 11 

0 IS 

0 79 

0 70 

0 39 

0 42 

0 39 

0 27 

0 2b 

0 10 

0 16 

0 27 

0 13 

0 23 

0 62 

0 67 

0 34 

0 37 

0 34 

0 25 

0 24 

0 18 

0 15 

0 25 

0 13 

0 22 

0 48 

0 44 

0 20 

0 31 

0 29 

0 22 

0 21 

0 16 

0 14 

0 22 

0 12 

0 20 

0 41 

0 39 

0 27 

0 28 

0 27 

0 21 

0 20 

0 15 

0 13 

0 21 

0 12 

0 18 

0 46 

0 43 

0 29 

0 30 

0.29 

0 22 

0 21 

0 16 

0 14 

0 22 

0 12 

0 10 

0 33 

0 31 

0,23 

0 24 

0 23 

0 18 

0 18 

0 14 

0 12 

0 18 

0 11 

0 16 

0 22 

0 22 

0.17 

0 18 

0.17 

0.15 

EMSi 


0 10 

0 15 

0 09 

0 13 

0 10 

0 18 

0.15 

0 15 

0 IS 

0 IS 

0 13 

0 11 

era 

0 13 

0 09 

0 12 

0 44 

0 41 

0 28 

0.29 

0.28 


0 21 

0 16 

0 13 

0 21 

0.12 

0 19 

0 30 

0 29 

0 22 

0 23 

0 22 


0.17 

0.14 

0 12 

0 18 

0 10 

0 16 

0 21 

0 20 

0 16 

0 17 

0 16 


0 14 

0 11 

0 10 

0 14 

0.09 


0 17 

0.17 

0 14 

0 14 

0 14 

ifa 

0 12 

0 10 

0 09 

0 12 

0 08 

0 11 

0.42 

0 39 

0 27 

0 28 

0 27 

0 21 

Era 

0 16 

0 13 

0 21 

0 12 

0 19 

0 31 

0 20 

0.23 

0.23 

0 22 

0 18 

0 17 

0.14 

0 12 

0 18 

0 11 

0 16 

0.22 

0 21 

0.17 

0.18 

0 17 

0 14 

0.14 

0 12 

0 11 

0 14 

0 09 

0 13 

0 23 

0 22 

0.19 

0 18 

0 18 

0 15 

0 14 

0 12 

0 10 

0 15 

0 09 

0 14 

0 37 

0 35 

0.25 

0 20 

0 25 

0.19 

0 19 

0 15 

0 13 

0 19 

0 11 


0 20 

0 19 

0.17 

0 16 

0 16 

0 13 

0 13 

0 11 

0 10 

0 14 

0 09 

0 13 

0.56 

0 62 

0 32 

0 34 

0 32 

0 24 

0 23 

0 17 

0 14 

0.24 

0 12 

0 21 

0 41 

0 30 

0 27 

0 28 

0 27 

0 21 

0 20 

0 15 

0 13 

0 21 

0 12 

0 18 

0 49 

0 46 

0 30 

0 32 

0 30 

0 23 

0 22 

0 16 

0 14 

0 23 

0 12 

0 20 

0 36 

0 34 


0 20 

0 24 

0 19 

0 19 

0 15 

0 13 

0 19 

0 11 

0 17 

0.18 

0 17 

0 15 

0.15 

0 14 

0 13 

0 12 

0 10 

0 09 

[ 0 13 

0 08 

0 12 

0 34 

0 32 

0 25 

0 25 

0 24 

0 19 

0 18 

0 14 

0 12 

0 19 

0 11 

0 17 

0.15 

0 14 

0 13 

0 13 

0 12 

0 11 

0 11 

0 09 

0 08 

0 11 

i 0 08 

0 10 


"A waterproof membrane should be provided between the outer material and the maulation fill to 
prevent possible wetting by absorption and a subsequent lowering of effioency 
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Table 4. Coefficients of Transmission ( U ) of Masonry Walls 
WITH Various Types of Veneers® 


Coefficients are expressed in Biu per hour per square foot per degree 
Fahrenheit difference in temperature between the air on the two sides ^ 
and are based on a wind velocity of 16 mph 


TYPICO. 

CONSTRUCTION 





TYPE OP WALL 


PAoora 


4 in Brick Veneer<< 


4 in Brick Veneer‘d 


4 m Brick Veneer® 


4 in Gut-Stone Veneer® 


4 in Cut-Stone Veneer® 


4 in. Cut-Stone Veneer® 


Backing 


0 in 

Hollow Tile^ 

12 in 


0 in 

10 in Goncroto 
IG m 


8 in Cinder Blocks 
8 in Cinder Blocks * - Cm(»' 
filled with ginnulaU'd cotk, 

5 12 lb per cii ft 
12 in Olndor Blocks 
12 m Cinder Blocks — ('ou*s| 
filled with KmnuUtiHl cork. 

5 34 lb pel cu ft 


8 m Concrete Blocks 
8 m Concrete Blocks 
filled with pcninulated ct)rk, 
5 14 lb per cu ft 
12 m Concrete Blocks 
8 in Ha:pdite Block 
8 in. Haydite Block — C 'oioh 
filled with gianulutcd cotk, 
6 06 lb per cu ft 
12 in Haydite Block 
12 m Haydite Block 
filled with granulati'd cotk, 
C 6 pei cu ft. 


8 in 

12 in Common Brick 
IG in 


6 in 

igjjj Hollow Tile® 
12 in 


6 in 

10 in Concrete 
16 in 


\\ Ml 

No 


S7 

38 

39 

40 


41 

42 

43 


44 


45 

46 


47 


48 


49 

50 

51 


52 

53 


54 


55 

56 

57 


58 

59 

60 
61 


62 

63 

64 


"Computed from factors marked by * in Table 2. 

^Based on the actual thickness of 2-m fumng stnps. 

“The 6-in , S-m and 10-m tile figures are baaed on two cdls in the direction of heat flow 
tile IS based on three cells in the du'ection of heat flow. 
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XJNlNaULATBD WaLLS 


II II IS ij Mi 


il llsglgj 

D E F 


Insdutbd Wallb 


" G H 


0 36 0 34 0 21 0 25 0 24 

0 34 0 33 0 24 0 25 0 24 

0 34 0 32 0 23 0 24 0 23 

0 27 0 26 0 20 0 21 0 20 


0 19 0 16 
0 18 0 14 
0 18 0 14 
0 16 0 13 


0 57 0 53 0 33 0 35 0 33 

0 48 0 45 0 30 0 31 0 30 

0 30 0 37 0 26 0 27 0.26 


0 23 0 17 0 14 
0 22 0 16 0 14 
0 19 0 15 0 13 


0 35 0 33 0 24 0 25 0 24 0 19 0 18 0 14 0 12 


0 20 0 19 0 16 0 16 0 16 
0 31 0 30 0 22 0 23 0 22 


0 13 0 11 0 10 
0 17 0 14 0 12 


0 18 0 18 0 15 0 15 0 15 0 13 0 12 0 10 0 09 


0 44 0 42 0 28 0 30 0 28 0 21 0 21 0 16 0 13 



0 34 0 32 0 24 0 25 0 23 

0 40 0 38 0.26 0 28 0.26 

0 31 0 29 0 23 0 23 0 22 


0 18 0 14 0 12 

0 20 0.15 0 13 

0 17 0 14 0 12 


0 17 0 16 0 14 0 14 0 14 
0 20 0 28 0 21 0 22 0.21 


0 12 0 10 0 09 

0 17 0 13 0 12 


0 14 0 14 0 12 0.12 0 12 



I 


0 10 0 09 0 08 


0 19 0 15 0 13 

0 16 0 13 0 12 
0.14 0 12 0 11 


0 20 0 10 0 15 0 13 

0 19 0 19 0 15 0 13 

0 19 0 IS 0 14 0 12 

0,17 0 10 0 13 0 11 




^Calculations include cement mortar (H lo ) between veneer or faang and backing 
•Based on one air cell in direction of OAt flow j i * 

/A waterproof membrane should be provided between the outer material and the insulation fill to 
prevent possible wetting by absorption and a subsequent lowenng of effiaency 
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Table 5. Coefficients of Transmission iU) of 
Various Types of Frame Construction^ 


These coefficients are expressed tn Btu per hour per square foot per 
degree Fahrenheit difference tn temperature hePuaeen the avr on the two 
Sides, and are based on a wtnd velocity of 15 mph 


TYPICAL 

construction 


EXTERIOR FINISH 


TYPE OF SHEATHING 









Wood Siding or Clapboard H ui Rigid Insulation 


H ui Plaster Board 




1 m Wood'*. 


Wood Shingles 


^ m Rigid Insulation* 




H in Plaster Board* 


>/TU7A _jrTVCC0^ 




3^ m. Rigid Insulation 


3^ in Plaster Board 


Brick/ Veneer 


3!$ m Rigid Insulation 


/REATHmffJ 


3^ in Plaster Board 


*Coinputed from factors marked by * in Table 2. 

^These coefiSoents may also be used vnth sufiSaent accuracy for plaster on wood lath or plaster on 
plaster board 

*Ba8ed on the actual width of 2 by 4-in studding, namely, 33i m 
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INTERIOR HNISH 



^Yellow pme or fir— actual thidmesa about *56 m 
•Fumng 8tnp8 between wood shingles and sheathing 

/ Small air space and mortar between building paper and bnck veneer neglected 
ffA waterproof membrane should be provided between the outer material and the insulation fill to 
prevent possible wetting by absorption and a subsequent lowenng of effiaency. 
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Table 6 Coefficients of Transmission (27) of Frame Interior Walls 
AND Partitions^ 


Coefficients are expressed %n Btu per hour per square foot per degree Fahrenheit difference %n temperature 
b^een the air on the two sides, and are based on still atr (no wind) condtitons on both sides 


TYPICAL construction 

Wall 

No 

SlKOLlD 
Pamition 
(Finish 
ON Onb 
SXDB OF 
Studding) 

DOUBLE PARTITION 

(Finished on Both Sides of Studding) ' 

n 

\ 

SA/t* 

Air 

Space 

Between 

Studdmg 

Flaked 

Between 

Studding 

Rook 

Wool 

Flllb 

Between 

Studding 

I^blo 
Insulation 
Between 
Studding 
(One Air 
Space) 

Stud SjMCO Faced 
One Side with 
Bnght Aluminum 
Foil , 

Type of Wall 


A 

B 

G 

D 

£ 

F 

Wood Lath and Plaster 

On Studding 

77 

0.62 

0 34 

0.11 

0 076 

0 21 

0 24 

Metal Lath and Plaster* 

On Studdmg 

78 

0 69 

0 39 

0.11 

0 078 

0.23 

0.20 

Plaster Board (N m ) and 
Plaster^ On Studdmg 

79 

0 61 

0.34 

0 10 

0 076 

0 21 

0.24 

^ in Rigid Insulation and 
Plastdr<< On Studding 

80 

0 35 

0 18 

0 083 

0 063 

0.14 

0 16 

1 in Riftld Insulation and 
Plaster* On Studding 

81 

0 23 

0 12 

0 066 

0.054 

0.097 

0 10 

IH in Gorkboard and 
Plaster* On Studdmg 

82 

0 16 

0 081 

0 0o2 

0 044 

0 070 

0.073 

2 in Gorkboard and 

Plaster* On Studding 

83 

0.12 

0 063 

0 045 

0.038 

0.057 

0 050 


•Computed from factors marked by * m Table 2 'Plaster on metal lath assumed thick. 

^Thickness assumed 8^ m. ^Plaster assumed )^-in thick 


Table 7. Coefficients of Transmission ( U ) of Masonry Partitions^ 

Coefficients are expressed in Btu per hour per sqiiarefoot per degree Fahrenheit difference in temperature 
between the air on the two sides, and are based on stiU air (no wind) conditions on b<Ah sides 


TYPICAL CONSTRUCTION 









1 

M 


No 

Plain Walls 
(NoPlastbb) 

Walls 

Plastered 

ON One Side 

Walls 

Plastered 

ON Both Sides 


Type of Wall 



a 

B 

G 

4-m Hollow Clay Tile 


84 

0 45 

0 42 

0.40 

4-in Common Bride 


85 

0.50 

0.46 

0 43 

4-m Hollow Gypsum Tile 


86 

0.80 

0.28 

0.27 

2-in Solid Plaster 


87 



0 53 


oComputed from factors marked by * in Table 2 
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Table 10 Coefficients of Transmission (Z7) of Concrete Floors on Ground with Various Types of Finish Flooring®* « 

Coeffiaenis are expressed tn Btu per hour per square foot per degree FdhrmheU difference tn temperature between the ground and the atr over the floor , 

and are based on still atr {no wttid) conditions 


Chapter 5 — ^Heat Transmission Coefficients and Tables 


c 

Linoleum 

Directly 
on Concrete 


0 60 

0 54 

0 50 

0 46 

0 44 

0 30 

0 10 

0 18 

0 11 

0 11 

S 

Tile or 
Terraaso^ 
on Concrete 

a 

0 08 

0 84 

0 74 

0 66 

0 63 

0 52 

0 22 

0 20 

0 12 

0 12 

I 

1 fj 

6 ^ 

Yellow^ne 
Sub-Floonng 
on Wood Sleepers 
Resting on 
Concrete 

0 

00 N> to to 
C<)01MC4 

oooo 

0 24 

0 23 

0 14 

0 13 

0 003 

0 000 

1 

c 

iilll 

A 

CQCQOQCO 

oood 

0 20 

0 27 

960*0 

660 0 

91 0 

01 0 


NoFIoonnK 
(Concrete Bare) 

< 

r^ooao 

iHOOO 

0 66 . 

0 54 

0 22 

0 21 

0 12 

0 12 

No 



1O«0 

7 

8 

9 

10 

Ml 

1 

■fHCOQOO 

tSOO 

00 00 

TYPICAL CONSTRUCTION 

1 a 1 

1 

1 

h 

0 

s 

1 
a 
% 

1 

None 

< 

1 

1 in Rigid Insulation* 

lin Rigid Insulation* 

2 in Clorkboard* 

2 in Gorkboard* 


u 
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‘Assumed m thick. 

^Assumed 1 in thick 

•The figures for Nos. 5 to 10, inclusive, include 3-in ander concrete placed directly on the ground The insulation is apphed between the under concrete and the 
stone concrete Usually the insulation is protected on both sides by a waterproof membrane, but this is not considered in the calculations 
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Table 11 Coefficients of Transmission { U ) of Various Types 
OF Flat Roofs Covered with Built-Up Roofing^ 


TYPICAL CONSTRUCTION 


WlTHOOT CHLINOB 


With Mbtal Lath 

AND 

PLAsriR CauzNOS^^ 


TYPE OF ROOF DECK 


TxnCKNyBS 

or 

Roor No 
Dhck 
(Inohhb) 



INJULAttON) 
TtOOMNiSi / 


JHJOLATtOW/ 
ILOOFINdi / 




ti.f tifsna 

El 


Concrete 

Concrete 

Concrete 


lN/0LAt:o«/ 

loonMtfA / 


t4UUtATlfl«/ 
ROOFirtff; / 


rLAJTCR. 


JHxaLAtlflW/ 

RaOfHKffl / 


irl/ULAtion/ 
iLflopmoj, A 


PLAJTCR. 


tnjuuTj^rt/ 

RPOPtrttfV / 


(2 m ) on Plaster Board 


Gypsum Fiber Concrete" 
(2 m ) on Plaster Board 

iMJOL/fftOtl/ irl/ULAtl^n/ in ) 

wapirtfil 7 T-APPlMd*. / Gypsum Fiber Concrete" 

mamaamsi ll[lll|llillMiriUI& S m ) on Piaster Boaid 

Gypsum Fiber Concrete" 
tu* JTBK. MA»p^ ?1.A/Teii. M*».p (5 m ) on Wild Insula- 

C=s=:7'=s:= latlon Board Oi in.) 

cdUlKd Gypsum Fiber Concrete" 

(2 in ) on Rii^d Insula- 
tion Board (fin.) 

Flat Metal Roofs 

JH/olaTIOW/ tUJUUTtdrt; CoelEaent of transmis- 

enflRrtlr.. / WOPtfiffi / Sion of bare, corrugated 

mmrnmmmm mrrmnrnrrrrrTfn iron (no roofing) is 1.50 

P®** per square 

NHcit ■ pe.<iA I foot of projected area per 

^ degree Fahrenheit dif- 

CEiUMd ference in temperature, 

based on an outride wind 

velocity of 15 mph 


•Computed from factors marked by * in Table 2. 

^Nominal thicknesses speafied— actual thicknesses used m calculations. 
•Gypsum fiber concrete-^H per cent gypsum, I 2 }i per cent wood fiber 
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Coeffictents are expressed tn Btu per hour per square foot Per degree 
Fahrenheit difference in temperature between the atr on the two sides, 
and are based on an ouistde wind velocity of 15 mph 


WITHOUT CEILING— UNDER SIDE OF WITH METAL LATH AND 

ROOF EXPOSED PLASTER CEILINGS^ 



082 037 024 017 014 022 016 013 0.42 026 0 10 015 012 018 014 011 

072 0 84 0 23 0 17 0 18 0 21 0 16 0 12 0 40 0 25 0 18 0 14 0 12 0 17 0 13 011 

064 0 33 0 22 0 16 0 13 0 21 0 15 0 12 0 37 0 24 0 18 0 14 011 017 0 13 011 


0 49 0 28 0.20 
0 37 0.24 0 18 
0 32 0 22 0 16 
0 23 0 17 0 14 


0 15 012 019 014 012 032 021 016 013 

0 14 on 017 013 on 026 019 015 Q12 

0 13 on 016 0 12 010 024 0 17 014 011 

0 11 0 096 0.13 0 11 0.091 0 18 0 14 0 12 0 10 


015 012 

014 on 
013 on 
on 0096 



010 
0 09-) 
0 092 
0 082 


0 40 0 25 0.18 0 14 012 017 0.13 011 0 27 0 19 0.15 0 12 0 10 0 14 0 12 0 097 

0 32 0 22 0 16 0 13 0.11 0 15 0 12 0 10 0 23 0 17 0.14 011 0 097 013 011 OOUl 

0 26 0 19 0 16 0 12 0 10 0 14 0 11 0 10 0.20 0 16 0 13 0 11 0 09 0.12 0 10 0 087 

0 19 0 IS 0 12 0.10 0 09 0.12 0 10 0 08 0 16 0 13 0 11 0 09 0.08 0 10 0 09 0 077 



' These coeffiaents may be used with suffiaent accuracy for wood lath aod plaster, or plaster board and 
plasty ceilings It is assumed that there is an air apace between the under side of the roof deck and the 
upper side of the ceiling 
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Table 12. Coefficients of Transmission (C/) of Pitched Roofs« 

CoejBUctents are expressed fn Btu per hour per square foot per degree Fahrenhetl difference tn temperature between the air on the two sides, 

and are based on an outside wind velocity of 16 mph 
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Table 13, Coefficients of Transmission (Z7) of Doors, Windows, Skylights 

AND Glass Walls 

Coeffictents are based on a wind velocity of 15 mpk, and are expressed in Btu per hour Per square foot per 
degree Fahrenheit difference in tempetature between the air inside and outside of the door, window, skylight or wall 

A Windows and Skylights 
Description I U 


Single 1 13®. « 

Double. 0 45« 

Triple.- 0 281^ 



oSee Heating, Ventilating and Air Conditioning, by Haiding and Willard, revised edition, 1932. 
^Computed using C ■■ 1 15 for wood, /i -« 1 65 and /© «■ 6 0 

•It 18 sufficiently accurate to use the same coefficient of transmission for doors containing thin wood 
panels as that of single panes of glass, namely, 1 13 Btu per hour per square foot per degree difference 
between inside and outside air temperatures 


The thicknesses upon which the coefficients in Tables 3 to 13, inclusive, 
are based are as follows: 

Brick veneer 4 in. 

Plaster and metal lath ^ H m 

Plaster (on wood lath, plasterboard, ngid insulation, board 

form, or corkboard) H p. 

Slate (roofing) P- 

Stucco on wire mesh reinforcing 

Tar and gravel or slag-surfaced built-up roofing. % m. 

1- in. lumber (S 2-S) ^^2 p- 

IH-in lumber (S-2-S) Iff 6 p* 

2- in lumber (S-2-S) }H m. 

2H-m. lumber (S-2-S) in 

3- in. lumber (S-2-S) 25^ m. 

4- in. lumber (S-2-S) p* 

Finish flooring (maple or oak) m. 


I Solid brick walls are based on 4-in. hard brick (high density) and the 
remainder common brick (low density). Stucco is assumed to be 1-in. 
thick on masonry walls. Where metal lath and plaster are specified, the 
metal lath is neglected. 
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The coefficients of transmission of the pitched roofs in Table 12 apply 
where the roof is over a heated attic or top floor so the heat passes directly 
through the roof structure including whatever finish is applied to the 
underside of the roof rafters. 


Combined Coefficients of Transmission 

If the attic is unheated, the roof structure and ceiling of the top floor 
must both be taken into consideration, and the combined coefficient of 
transmission determined. The formula for calculating the combined 
coefficient of transmission of a top floor ceiling, unheated attic space, and 
pitched roof, per square foot of ceilihg area, is as follows. 


U - 


Ur X Uez 
n 


m 


where 


U — combined coefficient to be used with ceiling area 
Ur — coefficient of transmission of the roof. 

UcQ — coefficient of transmission of the ceiling. 
n = the ratio of the area of the roof to the area of the ceiling 


Stating the formula in terms of the total heat resistance of the ceiling 
and roof, 

IT “ + UTXn 


In selecting the values to be used for Ur and Uca it should be noted 
that the under surface of the roof and the upper surface of the ceiling are 
more nearly equivalent to the boundary surfaces of an internal air space 
than they are to the external surfaces of a wall. It would be more nearly 
correct to use a value of 2 2 rather than the usual value of 1.65 as coef- 
ficients for these surfaces. In most cases this would make only a minor 
change in U. It should be noted that the over-all coefficient should be 
multiplied by the ceiling and not the roof area. 

If the unheated attic space between the roof and ceiling has no dormers, 
windows or vertical wall spaces the combined coefficients may be used 
for determining the heat loss through the roof construction between the 
attic and top floor ceiling. If the unheated attic contains windows and 
vertical wall spaces these must be taken into consideration in calculating 
the roof area and also its coefficient J7r. In this case an approximate 
value of Ur may be obtained as the summation of the coefficient of each 
individual section such as the roof, vertical walls or windows times its 
percentage of total area This coefficient may be used with reasonable 
accuracy in the above formulae. If, however, there are roof ventilators 
such that the attic air is substantially at outside temperature, then the 
roof should be neglected and only the coefficient for the top floor ceiling 
construction used. 


Basemenis and Unbeated Rooms 

The heat loss through floors into basements and into unheated rooms 
kept closed may be computed by assuming a temperature for these rooms 
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of 32 F Additional information on the inside and outside temperatures 
to be used in heat loss calculations is given in Chapter 7. 
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PROBLEMS IN PRACTICE 

1 • What is the coefffcient U and how is it applied? 

The coefficient U is the heat loss through walls, ceibngs, and floors and the value depends 
upon the construction and material, expressed in Btu per hour per square foot per d^ree 
difference in temperature between the inside and outside. To determine the total heat 
loss, multiply U for each matenal by the square feet of surface and the temperature 
difference. 
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2 • Find the value of U for a 6-in. concrete wall with plaster on metal lath 
attached to 2-in. furring strips with flanged 3^-in. blanket insulation. 

0.23 (Table 3, Wall 12L) 

3 • A wall is built with two layers of H-in. insulating material spaced 1 in. 
apart; the air space is lined on one side with bright aluminum foil; mean 
temperature is lO F; still air on both sides of wall; k for insulating material 
is 0.34. Calculate the value of I/. 


fi = 165,/o = 1.65, a - 0 46 
1 05 1 05 1 

165 034 ■*" 046 034 1.65 


= 6 327 


4 • What is the inside surface temperature of a 6-in. solid concrete wall? 
Inside air, 70 F; outside air, --20 F with 15 mph wind. 

The temperature drop from point to point through a wall is directly proportional to the 
heat resistance 

fi = 1.65; k for concrete = 12;/o — 6.0 
Over-all resistance R = =1.27 


Over-all resistance R = 


Temperature drop, inside air to surface *= 1 .65 
Temperature drop, air to air 1.27 

Temperature drop, inside air to surface = -r- xy ?? -i “ 

JL.^7 X i.DO 

70 — 43 = 27 F, inside surface temperature of wall 


5 # How many inches of insulating material having a conductivity of 0.30 
would be required, for the wall of Question 4, to raise the inside surface tem- 
perature to & F? 

Temperature drop, air to inside surface = 10 F, temperature drop, inside surface to out- 
side air = 80 F. Therefore, the heat resistance from inside wall surface to outside air 

must be eight times that from inside air to inside wall surface, or 8 X -5-4^ = 4.85 The 

1.00 

resistance for added material is, therefore. 


4.19 X 0 30 = 1.25 in. of insulation. 

6 # An unheated attic space in a residence has an equivalent pitched roof area 
of 1560 sq ft and a ceiling area of 1200 sq ft. If 15 per cent of the roof area is 
composed of vertical wall spaces having a value oi U = 0.52, determine the 
total heat loss per hour through the ceiling and roof for a temperature dif- 
ference of 85 F, if U = 0.46 for the roof and U = 0.38 for the ceiling. 

An approximate value of U for the roof is equivalent to the summation of coefficients 
for each individual section times its percentage of total area 

Ur = (0 52 X 0.15) + (0 46 X 085) = 0.47 
Ratio of roof area to ceiling = 1560 — 1200 = 13. 

Substituting m Formula 6. 

0 47 X 0 38 


0.47 + 


038 = 0.235 


IT = AU((^ - io) = 1200 X 0 235 X 85 = 23,900 Btu per hour. 




Chapter 6 


AIR LEAKAGE 

Nature of Air Infiltration, Infiltration Through Walls, Window 
Leakage, Door Leakage, Selection of Wind Velocity, Crack Length 
used for Computations, Multi^Story Buildings, Heat Equiva&nt 
of Air Infiltration 

A ir leakage losses are those resulting from the displacement of heated 
air in a building by unheated outside air, the interchange taking 
place through various apertures in the building, such as cracfa around 
doors and windows, fireplaces and chimneys This leakage of air must be 
considered in heating and cooling calculations. (See Chapters 7 and 8.) 

NATURE OF AIR INFILTRATION 

The natural movement of air through building construction is due to 
two causes. One is the pressure exerted by the wind; the other is the 
difference in density of outside and inside air because of differences in 
temperature. 

The wind causes a pressure to be exerted on one or two sides of a 
building. As a result, air comes into the building on the windward side 
through cracks or porous construction, and a similar quantity of air 
leaves on the leeward side through like openings. In general the resis- 
tance to air movement is similar on the windward to that on the leeward 
side. This causes a building up of pressure within the building and a 
lesser air leakage than that experienced in single wall tests as determined 
in the laboratory. It is assumed that actual building leakages owing to 
this building up of pressure will be 80 per cent of laboratory test values. 
While there are cases where this is not true, tests in actual buildings 
substantiate the factor for the general case. Tests on mechanically 
ventilated classrooms of average construction have shown that air 
infiltration acts quite independently of the planned air supply. Accor- 
dingly, the heating or cooling load owing to air infiltration from natural 
causes should be considered in addition to the ventilating load. 

The air exchange owing to temperature difference, inside to outside, is 
not appreciable in low buildings. In tall, single story buildings with 
openings near the ground level and near the ceiling, liis loss must be 
considered. Also in multi-storied buildings it is a large item_ unless the 
sealing between various floors and rooms is quite perfect. This tempera- 
ture effect is a chimney action, causing air to enter through openings at 
lower levels and to leave at higher levels. 
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A complete study of all of the factors involved in air movement through 
building constructions would be very complex. Some of the complicating 
factors are • the variations in wind velocity and direction ; the exposure of 
the building with respect to air leakage openings and with respect to 
adjoining buildings; the variations in outside temperatures as influencing 
the chimney effect; the relative area and resistance of openings on the 
windward and leeward sides and on the lower floors and on the upper 
floors; the influence of a planned air supply and the related outlet vents; 
and the variation from the average of individual building units A study 
of infiltration points to the need for care in the obtaining of good building 
construction, or unnecessarily large heat losses will result. 


INFILTRATION THROUGH WALLS 

Table 1 gives data on infiltration through brick and frame walls. The 
brick walls listed in this table are walls which show poor workmanship 
and which are constructed of porous brick and lime mortar. For good 
workmanship, the leakage through hard brick walls with cement-lime 
mortar does not exceed one-third the values given. These tests indicate 
that plastering reduces the leakage by about 96 per cent; a heavy coat of 
cold water paint, 50 per cent; and 3 coats of oil paint carefully applied, 
28 per cent- The infiltration through walls ranges from 6 to 25 per cent 
of that through windows and doors in a 10-story office building, with 
imperfect sealing of plaster at the baseboards of the rooms. With perfect 
sealing the range is from 0.6 to 2.7 per cent or a practically negligible 
quantity, which indicates the importance of good workmanship in proper 
sealing at the baseboard It will be noted from Table 1, that the in- 
filtration through properly plastered walls can be neglected. 


Table 1. Infiltration through Walls 


Expressed m cubic feet par square foot per Aoura 


Trpn Of Wall 

Wind Vuiocirr, Milis pub Houb 

5 

10 

15 

20 

25 

30 

8H in. Brick WalL_-{j^^;; 

1 ^ 


7.85 

0.066 


18.6 

0.161 

22.9 

0.236 

13 “• Brick 

144 

0.005 


7.48 

0 025 

116 

0.043 


21.2 

0.097 

Frame Wall, with lath and plaster^ 

0.03 

0.07 

013 

0.18 

0.23 

0.26 


aThe values given in this table are 20 per cent less than test values to allow for building up of pressure 
in rooms and are based on test data reported m the papers hsted p 140 

bWall construction Bevel siding painted or cedar shingles sheathing, building paper, wood lath and 
3 coats gs^sum plaster 
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Fig. 1. Infiltration through Various Types of Shingle Construction 

The value of building paper when applied between sheathing and 
shingles is indicated by Fig. 1, which represents the effect on outside 
construction only, without lath and plaster. The effectiveness of plaster 
properly applied is no justification for the use of low grade building paper 
or of the poor construction of the wall containing it. Not only is it 
difficult to secure and maintain the full effectiveness of the plaster but 
also it is highly desirable to have two points of high resistance to air flow 
with an air space between them. 
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Fig. 2. Infiltration through Single Surface Walls Used in Farm and 
Other Shelter Buildings 
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The amount of infiltration that may be expected trough simple walls 
used in farm and other shelter buildings, is shown in Fig. 2. The infil- 
tration indicated in Figs. 1 and 2 is that determined in the laboratory and 
should be multiplied by the factor 0.80 to give proper working values. 

WINDOW LEAKAGE 

The amount of infiltration for various types of windows is given in 
Table 2. The fit of double-hung wood windows is determined by crack 
and clearance as illustrated in Fig. 3. The length of the perimeter opening 
or crack for a double-hung window is equal to three times the width plus 
two times the height, or m other words, it is the outer sash perimeter 
length plus the meeting rail length. Values of leakage shown in Table 2 
for the average double-hung wood window were determined by setting 
the average measured crack and clearance found in a field survey of a 
large number of windows on nine windows tested in the laboratory. In 



addition, the table gives figures for a poorly fitted window. All of the 
figures for double-hung wood windows are for the unlocked condition. 
Just how a window is closed, or fits when it is dosed, has considerable 
influence on the leakage. The leakage will be high if the sash are short, 
if the meeting rail members are warped, or if the frame and sash are not 
fitted squarely to each other. It is possible to have a window with 
approximately the average crack and dearance that will have a leal^e 
at least double that of the figures shown. Values for the average double- 
hung wood window in Table 2 are considered to be easily obtainable 
figures provided lie workmanship on the window is good. Should it be 
known that the windows under consideration are poorly fitted, the larger 
leakage values should be used. Locking a window generally decreases its 
leakj^e, but in some cases may push the meeting rail members apart and 
increase the leak^e. On windows with large dearances, locking will 
usually reduce the leakage. 

Wood casement windows may be assumed to have the gamo unit 
leakage as for the average double-hung wood window when properly 
fitt^. Locking, a normal operation in the dosing of this type of window, 
maintains the crack at a low value. 

For metal pivoted sash, the length of crack is the total perimeter of the 
movable or ventilating sections. Frame leakage on steel windows may be 
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neglected when they are properly grouted with cement mortar into brick 
work or concrete. When they are not properly sealed, the linear feet of 
sash section in contact with steel work at mullions should be figured at 
25 per cent of the values for industrial pivoted windows as given in 
Table 2. 

Leakage values for storm sash are given in Figs. 4 and 5. When storm 
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Table 2. Infiltration Through Windows 

Expressed tn Cubic Feei per Foot of Crack per How^ 


Ttpb of Window 

Rbiures 

Wind Velocztt, Milibb pbr Hotjb 

5 

10 

15 

20 

25 

30 

Double-Hung 
Wood Sash 
Windows 
(Unlock^) 

Around frame m masonry wall— not calkedb 

33 

8.2 

14 0 

20.2 

27 2 

34.6 

Ground frame in masonry wall— calkedb 

0.5 

15 

26 

38 

4.8 

58 

Around frame m wood frame constructiouh 

2.2 

62 

10 8 

16 6 

23 0 1 

30 3 

Total for average wmdow, non-weather- 
stnpped, Ha-m oraok and ?^-in clearanoeo 
Includes wood frame loakaged 

66 

214 

39 3 

59 3 

80 0 

103 7 

Ditto, weatheratnppedd . 

4.3 

15 5 

23 6 

35.5 

48 0 

63.4 

Total for poorly fitted wmdow, non-weath^ 
stripped, ^in crack and clearance e 

Includes wood frame leokaged 

26.9 

69.0 

110 6 

153 9 

199 2 

249 4 

Ditto, weatherstnppedd . 

59 

18 9 

341 

51.4 

70.5 

91.5 

Double-Hung 

Metal 

Windows^ 

Non-weatherstnpped, locked 
Non-weatherstnpped, unlooked 
Weatherstnpped, unlocked _ 

20 

20 

6 

45 

47 

19 

70 

74 

32 

96 

104 

46 

126 

137 

60 

154 

170 

76 

Rolled 

Section 

Steel 

Sash 

Windows^ 

Industrial pivotcds ^m oraok__ 
Architectural projected, ^-in craokh 
Architeotural projected, |^-m craokh 
Residential casement, 1^-m oracki 

Residential casement, ^in craob 

Heavy casement section, projected, j^-m 
crackJ . . 

Heavy casement section, projected 
orackJ. 

62 

15 

20 

6 

14 

3 

8 

108 

36 

52 

18 

32 

10 

21 

176 

62 

83 

33 

62 

18 

38 

244 

86 

116 

47 

76 

26 

54 

304 

112 

152 

60 

100 

36 

72 

372 

139 

182 

74 

1 128 
48 

92 

Hollow Metal, vertically pivoted window^. . 

30 

88 

146 

186 

221 

242 


•The values given in this table are 20 per cent less than test values to allow for building up of pressure in 
rooms, and are based on test data reported in the papers hsted at the end of this chapter 

hThe values given for frame leakage are per foot of sash penmeter as determined for double-hung wood 
windows Some of the frame leakage m masonry -^lls originates in the bnck wall itself and cannot be 
prevented by calking For the additional reason that calking is not done perfectly and deteriorates with 
time, it is considered advisable to choose the masonry frame leakage values for calked frames as the average 
deternuned by the calked and notrcalked tests 

oThe fit of the average double-hung wood window was determined as %rin crack and %-in- clearance by 
measurements on approximately 000 windows under heating season conditions 

dThe values given are the totah for the window opemng per foot of sash penmeter and include frame 
leakage and so-called elsewhere leakage The frame leakage values included are for wood frame construction 
but apply as well to masonry 'construction assuming a 50 per cent efSaency of frame calking 
•A ^in crack and clearance represents a poorly fitted window, much poorer than average 
nVmdows tested in place in building 

sindustnal pivoted wmdow generally used in industrial buildings Ventilators honsontally pivoted 
at center or slightly above, lower part swinging out 

hArchitectural projected made of same sections as industrial pivoted except that outside framing member 
IS heavier, and refinements in weathering and hardware Used in semi-monumental bmldlngs such as 
schools Ventilators swing m or out and are balanced on side arms J^in crack is obtainable in the best 
practice of manufacture and installation, 9^in crack considered to represent average practice 

iOf same design and section shapes as so-called heavy secitpn casemejU but of lighter weight Ki-in crack 
IS obtainable in the best practice of manufacture and installation, ^in crack considered to represent average 
practice 

jMade of heavy sections Ventilators swmg in or out and stay set at any degree of opemng. J^-in oack 
18 obtainable in the best practice of manufacture and installation, ^in. crack considers to represent 
average practice. 

kWith reasonable care in installation, leakage at contacts where windows are attached to steel frame- 
work and at mulUons is negligible With M-m crack, representing poor installation, leakage at contact 
with steel framework is about one-third, and at mulhons about one-sixth of that given for industrial pivoted 
windows in the table 
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sash are applied to well fitted windows, very little reduction in infiltration 
is secured, but the application of the sash does give an air space which 
reduces the heat transmission and helps prevent the frosting of the 
windows. ^ When storm sash are applied to poorly fitted windows, a 
reduction in leakage of 50 per cent may be secured. 

DOOR LEAKAGE 

Doors vary greatly ip fit because of their large size and tendency to 
warp. For a well fitted door, the leakage values for a poorly fitted double- 
hung wood window may be used. If poorly fitted, twice this figure should 
be used. If weatherstripped, the values may be reduced one-half. A 
single door which is frequently opened, such as might be found in a store, 
should have a value applied which is three times that for a well fitted 
door. This extra allowance is for opening and closing losses and is kept 
from being greater by the fact that doors are not used as much in the 
coldest and windiest weather. 

In the case of infiltration through swinging and revolving doors engi- 
neers are not in full agreement at the present time regarding the allow^ces 
for cooling load determinations. Some references to recently published 
data are given at the end of this chapter. 

SELECTION OF WIND VELOCITY 

Although all authorities do not agree upon the value of the wind veloc- 
ity that should be chosen for any given locality, it is common engineering 
practice to use the average wind velocity during the three coldest months 
of the year. Until this point is definitely established the practice of 
using average values will be followed. Average wind velocities for the 
months of December, January and February for various cities in the 
United States and Canada are given in Table 2, Chapter 7. 

In considering both the transmission and infiltration losses, the more 
exact procedure would be to select the outside temperature and the wind 
velocity corresponding thereto, based on Weather Bureau records, which 
would result in the maximum heat d^and. Since the proportion of 
transmission and infiltration losses varies with the construction and is 
different for every building, the proper combination of temperature and 
wind velocity to be selected would be different for every type of building, 
even in the same locaJity. Furthermore, such a procedure would nece^- 
tate a laborious cut-and-try process in every ca^ in order to determine 
the worst combination of conditions for the building under consideration. 
It would also be necessary to consider heat lag due to heat capacity in the 
case of heavy masonry walls, and other factors, to arrive at the most 
accurate solution of the problem. Although heat capacity should be con- 
sidered wherever possible, it is seldom possible to accurately determine the 
worst combination of outeide temperature and wind velocity for a gjven 
building and locality. The usual procedure, as already explained, is to 
select an outside temperature based on the lowest on record and the 
average wind velocity during the months of December, January and 
February. 

The direction of prevailing winds may usually be included within an 
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angle of about 90 deg. The windows that are to be figured for prevailing 
and non-prevailing winds will ordinarily each occupy about one-half the 
perimeter of the structure, the proportion varying to a considerable extent 
with the plan of the structure. (See discussion of wind movement in 
Chapter 4.) 


CRACK LENGTH USED FOR COMPUTATIONS 

In no case should the amount of crack used for computation be less 
than half of the total crack in the outside walls of the room. Thus, in a 
room with one exposed wall, take all the crack; with two exposed walls, 
take the wall having the most crack; and with three or four exposed walls, 
take the wall having the most crack; but in no case take less than half the 
total crack. For a building having no partitions, whatever wind enters 
through the cracks on the windward side must leave through the cracks 
on the leeward side. Therefore, take one-half the total crack for com- 
puting each side and end of the building. 


Table 3 Air Changes Taking Place under Average Conditions Exclusive 
OF Air Provided for Ventilation 


Ejnd or Room ob Bdildikg 

Numbsb or Am Chanom 
TaKINO PltA.01 

PBB Hour 

Rooms, 1 side exposed 

1 

Rooms, side-*? exposed. 

IH 

2 

Rooms, 3 siHps #»'jrpo.e!ftH 

Rooms, 4 sides exposed 

2 

Rooms with no windows or oiitsiHo doors 

HtoK 

2 to 3 

EntranoG Halls. 

Reception Halls. 

2 

Livingr Rooms ._ _ _ 

lto2 

Dining Rooms 

1 to 2 

Bath Rooms . . _ 

2 

Drug Stores. . 

2 to 3 

Clothing Stores 

1 

Churches, Factories, Lofts, etc.. ...,. 

to 3 



The amount of air leakage is sometimes roughly estimated by assuming 
a certain number of air changes per hour for each room, the number of 
changes assumed being dependent upon the type, use and location of the 
room, as indicated in Table 3. This method may be used to advantage as 
a check on the calculations made in the more exact manner, 

MULTI-STORY BUILDINGS 

In tall buildings, infiltration may be considerably influenced by tem- 
perature difference or chimney effect which will operate to produce a 
head ^at will add to the effect of the wind at lower levels and subtract 
from it at higher levels. On the other hand, the wind vdodty at lower 
levels may be somewhat abated hy^ surrounding obstructions. Further- 
more, the chimney effect is reduced in multi-story buildings by the partial 
isolation of floors preventing free upward movement, so' that wind and 
temperature difference may seldom cooperate to the fullest extent. 
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Making the rough assumption that the neutral zone is located at mid- 
height of a building, and that the temperature difference is 70 F, Ae 
following formulae may be used to determine an equivalent wind velodty 
to be used in connection with Tables 1 and 2 that will allow for both wind 
velocity and temperature difference: 

- 1.75 a (1) 


where 


Me * VW+TtET 


( 2 ) 


Me *= equivalent wind velocity to be used in conjunction with Tables 1 and 2. 

M = wind velocity upon which infiltration would be determined if tem- 
perature difference were disregarded. 

a = distance of windows under consideration from mid-height of building 
if above mid-height. 

b =» distance if below mid-height. 

The coefficient 1.76 allows for about one-half the temperature difference head. 

For buildings of unusual height, Equation would indicate negative 
infiltration at the highest stories, which condition may, at times, actually 
exist. 

Sealing of Vertical Openings 

In tall, multi-story buildings, every effort should be made to seal off 
vertical openings such as stair-wells and elevator shafts^ from the re- 
mainder of tiie building. Stair-wells should be equipped with self-closing 
doors, and in exceptionally high buildings, should be closed off into 
sections of not over 10 floors each. Plaster cracks should be filled. 
Elevator enclosures should be tight and solid doors should be used. 

If the sealing of the vertical openings is made effective, no allowance 
need be made for the chimney effect. Instead, the greato wind move- 
ment at the high altitudes makes it advisable to install additionsd heating 
surface on the upper floors above the level of nrighbc>ring buildings, this 
additional surface being increased as the height is increas^. One 
arbitrary rule is to increase the heating surface on floors above neighboring 
buildings by an amount ranging from 5 per cent to 20 per cent. This extra 
heating surface is required only on the windward side and on winciy days, 
and hence automatic temperature control is especially desirable with such 
installations. 

Heatmg Suxface for Stair-Wells 

In stair-wells that are open through many floor levels ^though closed 
off from the remainder of eacdi floor by doors and partitions, the strati- 
fication of air makes it advisable to increase the amount of heating surface 
at the lower levels and to decrease the amount at higher levels even to the 
point of omitting all heating surface on the top several floor levels. One 
rule is to calculate the heating surface of the entire stair-well in the usual 
way and to place 50 per cent of this in the bottom third, the normal 
amount in the middle third and the balance in the top third. 
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HEAT EQUIVALENT OF AIR INFILTRATION 

The heat required to warm cold outside air, which enters a room by 
infiltration, to the temperature of the room is given by the following 
equation: 

(3) 

where 

Hi B Btu per hour required for heating air leaking into building from 
outside temperature to to inside temperature t. 

Q n cubic feet of air entering per hour at inside temperature t 
d » density (pounds per cubic foot) of air at inside temperature t, 
t ■" inside temperature at the proper level. 
to outside air temperature for which heating system is designed. 

0.24 » specific heat of air, 

It is sufficiently accurate to take d = 0.076 lb, in which case the equa- 
tion reduces to 

Hi = 0.018 Q(t- to) (4) 

While a heating reserve must be provided to warm inleaking air on 
the windward side of a building, this does not necessarily mean that the 
hating plant must be provided with a reserve capacity, since the inleaking 
air, warmed at once by adequate heating surface in exposed rooms, will 
move tramsversely and upwg^dly through the building, thus relieving 
other radiators of a part of their load. The actual loss of heat of a building 
caused by iiffiltration is not to be confused with the necessity for pro- 
viding additional heating capacity for a given spac^. Infiltration is a 
disturbing factor in the heating of a building, and its maximum effect 
(ma:dmum in the sense of an average of wind velocity peaks during the 
heating season above some reasonably chosen minimum) must be met 
by a properly distributed reserve of heating capacity, which reserve, how- 
ever, is not in use at all places at the same time, nor in any one place at 
all times. 
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PROBLEMS IN PRACTICE 

1 # Why is it important in exterior walls of air space construction to place a 
wind stop in the outer surface? 

During the heating season, air within the space is at a higher temperature than outdoor 
air. If cracks are present m the outer surface, a chimney action takes place which causes 
a continuous chann of air m the space This causes a greater heat loss through the 
inner wall surface for two reasons: (1) the temp^ture difference becomes greater and 
(2) the surface coefficient on the air space side is increased because of the higher air 
vdocity. Another undesirable condition resultmg from this leakage is a lowered tem- 
perature of the inside surface. The increased radiation from occupants to walls caused 
by this condition must be offset by higher air temperatures. 

The wind stop m the outer wall surface is therefore important because: 

a. It reduces the loss of heat through the wall. 

b. It helps to maintain a high inner wall surface temperature. 

2 # Why is it essential to consider this in heating calculations? 

The inflowing air displaces inside heated air and must be heated up to the internal 
temperature. 

5 • Where is it necessary to consider infiltration created by temperature 
difference? 

In tall, single-story buildings and in multi-story buildings where the floors are not 
adequatdy isolated. 

4 • Why is the inflOLtration in a building less than that determined in laboratory 
tests? 

In laboratory tests, the indicated wind velocity is measured by the difference in pressure 
on the two sides of a single wall, wmdow, or object tested. In a building, an mtemal 
back pressure is built up between its walls to a point where outflow on the lee side is equal 
to innow on the wmdward side and this back pressure reduces the actual inflow bdow 
that determined in the laboratory for a comparable wind. 
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5 # Is Heat loss by infiltratiozi througH walls of importance? 

Only in the case of simple walls or poorly constructed compound walls. 

6 # What measurements are required to calculate the heat loss through double- 
hung wood windows? 

Sash crack (equal to the sash penmeter plus the meeting rail) and frame crack (equal 
to the frame perimeter). 

7 • What is the basis for selecting the wind velocity and outside temperature 
to be used in making infiltration calculations? 

Weather Bureau records. The wind velocity taken is the average dunng the three 
coldest months and the temperature used is the lowest on record for the given locality. 

8 • How does the temperature difference influence the heat loss in a tall 
building? 

The chimney effect caused by the temperature difference operates to produce a head that 
will add to the effect of the wind at lower levels and subtract from it at higher levels. 

9 # For a wind velocity of 15 mph and a building 180 ft high, calculate the 
effective wind velocity at the ground floor and at a height of 150 ft. 

a. At the ground floor the effective wind velocity would be 

Afe = VlS‘ + 1 75 X 90 = 19.6 mph 

b. At a floor 150 ft above the ground 

Afe - Vl6* - 176 X 60 - 11.0 mph 

10 • A room contains three 2 ft -8 in. by 5 ft -6 in. plain double-hung wood win- 
dows with cr&ck and ^ 4 -m. clearance. Assume a wind velocity of 

15 mph and a temperature difference of 75 F. Neglecting chimney effect, what 
is the maximum heat loss due to infiltration? 

Frpm Table 2, infiltration per foot of crack is 39 3 cu ft Length of crack for the three 
windows IS 57 ft The maximum heat loss, due to infiltration, is equal to 0 018 X 
39 3 X 57 X 75 or 3020 Btu per hour 

11 • Find the infiltration through a wall with 16-in. shingles on 1 in. by 4 in. 
boards with 20 mph wind velocity. Give the pressure drop through the wall. 

Referring to Curve 3C, Fig 1, the value on the horizontal scale corresponding to 20 mph 
is approximately 102 cfh per square foot of wall. 

The pressure drop through the wall is 0.193 in. of water (see left hand vertical scale). 

12 • What will be the infiOltration through air-dried end and side-matched 
sheathing for 15 mph wind velocity? 

Referrin|r to Curve IOC, Fig. 2, the value on the horizontal scale corresponding to 
15 mph is 50 cfh per square foot of wall. 

13 • From Table 2 , find the infiltration (cubic feet per hotir per foot of crack) 
for an average double-hung window, not weather stripped, with a 20 mph 
wind velocity. 

50.3 cu ft per foot of crack per hour. 

14 • Using the value found in Question 13, what will be the heat requirement 
in a building with a total crack (all windows and doors) of 180 ft if the wind 
vdocity is 15 mph, the outside temperature is 0 F, and the inside temperature 
i 8 70F? 

Using one half of the total crack, the volume of air is: 

90 X 59.3 = 5337 cu ft 

H = 0.018 X 5337 X (70 - 0) = 6724.6 Btu. (See Equation 4.) 
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HEATING LOAD 


Heat Demand Design Factors, Method of Procedure, Inside and Out- 
side Temperatures, Wind Velocity Effects, Auxiliary Heat Sources, 

Wall Surface Condensation, Heat Loss Computation Example 

T O design any system of heating, the maximum probable heat demand 
must be accurately estimated in order that the apparatus installed 
shall be capable of maintaining the desired temperature at all times. The 
factors which govern this maximum heat demand — most of which are 
seldom, if ever, in equilibrium — ^include the following: 

1. Outside temperature 

2. Rain or snow. 

3. Sunshine or cloudiness. 

4. Wind velocity. 

5. Heat transmission of exposed parts of building. 

6. Infiltration of air through cracks, crevices and 
open doors and windows 

7. Heat capacity of materials. 

8. Rate of absorption of solar radiation by exposed 
materials. 

9. Inside temperatures. 

10. Stratification of air. 

11. Type of heating system 

12. Ventilation requirements. 

13. Period and nature of occupancy. 

14. Temperature regulation. 

The inside condiHons vary from time to time, the physical properties of 
the building construction may change with age, and the outside conditions 
are changing constantly. Just what the worst combination of all of these 
variable factors is likely to be in any particular case is therefore con- 
jectural. Because of the nature of the problem, extreme precision in 
estimating heat losses at any time, while desirable, is hard of attainment. 

The procedure to be followed in determining the heat loss from any 
building can be divided into seven consecutive steps, as follows: 

1. Determine on the inside air temperature, at the breathing line or the 30-in. line, 
which is to be maintained in the budding during the coldest weather. (See Table 1.) 

2. Determine on an outside air temperature for design purposes, based on the minimum 
temperatures recorded m the locality in question, which will provide for all but the 
most severe weather conditions. Such conditions as may exist for only a few^ consecu- 
tive hours are readily taken care of by the heat capacity of the building itself 
(See Table 2 ) 


Otdside Condthons 
{The Weather) 


Budding 

ConstfucUon 


Inside 

CondiHons 
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3. Select or compute the heat transmission coefficients for outside walls and glass; 
also for inside walls, floors, or top-floor ceilings, if these are next to unhealed space; 
include roof if next to heat^ space. (See Chapter 6.) 

4. Measure up net outside wall, glass and roof next to heated spaces, as well as any 
cold walls, floors or ceiling next to unheated space. Such measurements are made from 
building plans, or from the actual building. 

5. Compute the heat transmission losses for each kind of wall, glass, floor, ceiling 
and roof in the building by multiplying the heat transmission coefficient in each case 
by the area of the surface in square feet and the temperature difference between the 
inside and outside air. (See Items 1 and 2.) 

6. Select unit values and compute the heat ^uivalent of the infiltration of cold air 
tali^g place around outside doors and windows. These unit values depend on the kind or 
width of crack and wind velocity, and when multiplied by the length of crack and the 
temjjerature diflFerence between the inside and outside air, the result expresses the heat 
required to warm up the cold air leaking into the building per hour. (See Chapter 6.) 

7. The sum of the heat losses by transmission (Item 5) through the outside wall and 
glass, as wdl as through any cold floors, ceilings or roof, plus the heat equivalent (Item 6) 
of the cold air .entering by infiltration represents the total heat loss equivalent for any 
bmlding 

Item 7 represents the heat losses after the building is heated and under 
stable operating conditions in coldest weather. Additional heat is 
required for raising the temperature of the air, the building materials and 
the material contents of the building to the specified standard inside 
temperature. 

The rate at which this additional^ heat is required depends upon the 
heat capacity of the structure and its material contents and upon the 
time in which these are to be heated. 

This additional heat may be figured and allowed for as conditions re- 


Table 1. Winter Inside Dry-Bulb Temperatures Usually Specified^ 


Tm or Bnxxnmo 

Dm Pahs 

Ttvb or BuniDiiro 

DmFahb 

Schools 


Theaters — 


CHaaa mnms _ , 

70-72 

55earing spare _ ___ __ 

6&-72 

Assembly rooms _ _ __ 

68-72 

Lounge rooms __ _ 

6B-72 

r^ymnssiiims^ 


Toilets 

68 

Toilets and baths 

70 



Wardrobe and locker rooms 

65-68 

Hotels — 


Kitohens _ _ __ _ 

66 

BedropiTis and bstbs 

70 

Dining and lunch rooms. 

65-70 

Diningrooms. _ __ _ 

70 

Playr^ma _ ___ 

60-65 

Kitch^s and laundries ... 

66 

Nataton’iims _ 

76 

RaHrooms 

65-68 



Toilets and service rooms. 

68 

Hospitals— 




Private rooms__ _ 

70-72 

Homes , , , 

70-72 

Private rooms (siirgdral) 

70-80 

Stores. 

65-68 

Operating rooms _ 

70-96 

Public HiiiLnmos. _ , 

65-72 

Wards , , 

68 

WaRUT ATO pATUS 

120 

Kitchens and laundries. 

66 

Steam baths 

1 

110 

Toilets.. ... ... 

68 

Factories and machine shops 

60-65 

Bathrooms 

70-80 

Foundries and boiler shops 

50-60 



Paint shops.- 

80 


»The most comfortable dry^bnlb temperature to be maintained depends on the relative humidity and 
BIT motion These three factors considered together constitute what is termed the effeane temperature. 
See Chapter 3. 
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quire, but inasmuch as the heating system proportioned for taking care 
of the heat loss^ will usually have a capacity about 100 per cent greater 
than that required for average winter weather, and inasmuch as most 
buildings may either be continuously heated or have more time allowed 
for heating-up during the few minimum temperature days, no allowance 
is made except in the size of boilers or furnaces. 

INSIDE TEMPEEIATURES 

The inside air temperature which must be maintained within a building 
and which should always be stated in the heating specifications is under- 
stood to be the dry-bulb temperature at the breathing line, 5 ft above the 
floor, or the 30-in, line, and not less than 3 ft from the outride walls. 
Inside air temperatures, usually specified, vary in accordance with the use 
to which the building is to be put and Table 1 presents values which con- 
form with good practice. 

The proper dry-bulb temperature to be maintained depends upon the 
relative humidity and air motion, as explained in Chapter 3. In other 
words, a person may feel warm or cool at the same dry-bulb temperature, 
depending on the rdative humidity and air motion. The optimum winter 
effective temperature for sedentary persons, as determined at the A.S.H. 
V.E. Research Laboratory, is 66 deg.^ 

According to Fig. 6, Chapter 3, for so-called still air conditions, a 
relative humi^ty of approximately 50 per cent is required to produce an 
effective temperature of 66 deg when the dry-bulb tempera^re is 70 F. 
However, even where provision is made for artificial humidification, the 
relative humidity is seldom maintained high^ than 40 per cent durmg the 
extremely cold weather, and where no provision is made for humidifica- 
tion, Ae rdative humidity may be 20 per <^t or less. Consequently, in 
using the figures given in Table 1, consideration shoidd be given to 
whetiier provision is to be made for humidification, and if so, the actual 
rdative humidity to be maintained. 

Temperature at Proper Level: In making the ^tud heat-loss compu- 
tations, however, for tiie various rooms in a building it is often necessary 
to modify the temperatures given in Table 1 so that the air temperature 
at the proper level will be used. By air temperature at the proper level is 
meant, in the case of walls, the air temperature at the mean hdght be- 
tween floor and ceiling; in the case of glass, the air temperature at the 
mean hdght of the glass; in the case of roof or cdling, the air temperature 
at the mean hdght of the roof or ceiling above the floor of the heated 
room ; and in the case of floors, the air temperature at the floor levd. In 
the case of heated spaces adjacent to unheated spaces, it will usually be 
suffident to assume the temperature in such spaces as the meM between 
the temperature of the inside heated spaces and the outside air tempera- 
ture, excepting where the combined heat transmission coeflSident of Ae 
roof and ceiling can be used, in which case the usual inside and outside 
temperatures should be applied. (See discussion reg^ding the use of 
combined coeffidents of pitched roofs, unheated attics and top-floor 
cdlings Chapter 5.) 


^See Chapter 8, p 67 
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High Ceilings: Research data concerning stratification of air in build- 
ings are lacking, but in general it may be said that where the increase in 
temperature is due to the natural tendency of the warmer or less dense 
air to rise, as where a direct radiation system is installed, the temperature 
of the air at the ceiling increases with the ceiling height. The relation, 
however, is not a straight-line function, as the amount of increase per foot 
of height apparently decreases as the height of the ceiling increases, ac- 
cording to present available information®. 

Where ceiling heights are under 20 ft, it is common engineering practice 
to' consider that the Fahrenheit temperature increases 2 per cent for each 
foot of height above the breathing line. This rule, sufficiently accurate 
for most cases, will give the probable air temperature at any given level 
for a room heated by direct radiation. Thus, the probable temperature 
in a room at a point 3 ft above the breathing line, if the breathing line 
temperature is 70 F, will be 

(1.00 + 3 X .02) 70 = 74.2 F. 

' With certain types of heating and ventilating systems, which tend to 
oppose the natural tendency of warm air to rise, the temperature differ- 
ential between floor and ceiling can be greatly reduced. These include 
unit heaters, fgui-furnace heaters, and the various types of mechanical 
ventilating systems. The amount of reduction is problematical in certain 
instances, as it depends upon many factors such as location of heaters, 
air temperature, and direction and velocity of air discharge. In some 
cases it has been possible to reduce the temperature between the floor 
and ceiling by a few degrees, whereas, in other cases, the temperature at 
the ceiling has actually been increased because of improper design, instal- 
lation or operation of equipment. So much depends upon the factors 
enumerated that it is not advisable to allow less than 1 per cent per foot 
(and usually more) above the breathing line in arriving at the air tem- 
perature at any given level for any of these tj^es of heating and ventilating 
systems, unless the manufacturers are willing to guarantee that the par- 
ticular type of equipment under consideration will maintain a smaller 
temperature differential for the specific conditions involved. 

Temperature at Floor Level: In determining mean air temperatures 
just above floors which are next to ground or unheated spaces, a tempera- 
toe 5 deg lower than the breathing-line temperature may be used, pro- 
vided the breathing-line temperature is not less than 55 F. 

OUTSIDE TEMPERATURES 

The outside temperature used in computing the heat loss from a build- 
ing is seldom taken as the lowest temperature ever recorded in a given 
locality. Such temperatures are usually of short duration and are rarely 
repeated in successive years. It is therefore evident that a temperature 
somewhat higher than the lowest on record may be properly assumed in 
making the heat-loss computations. 


temperature Gradient Observations m a Large Heated Space, by G L. Larson, D W Nelson and 
O C. Cromer (A.S H V E. Transactions, Vol 39, 1933) 

Tests of Three Heating Systems in an Industrial Type of Bmlding, by G L. Larson, D. W. Nelson and 
John James (A S H V £. Journal Section, Heattng, Ptptng and Atr Condtitontng, November, 1934). 

146 



Chapter 7 — ^Heating Load 


The outside temperature to be assumed in the design of any heating 
system is ordinarily not more than 15 deg above the lowest recorded tem- 
perature as reported by the Weather Bureau during the preceding 10 
years for the locality in which the heating system is to be installed. In 
the case of massive and well insulated builings in localities where the 
minimum does not prevail for more than a few hours, or where the lowest 
recorded temperature is extremely unusual, more than 15 deg above the 
mininaum may be allowed, due primarily to iiie fly-wheel effect of the heat 
capacity of the structure. The outside temperature assumed and used in 
the design should always be stated in the heating specifications. Table 2 
lists the coldest dry-bulb temperatures ever recorded by the Weather 
Bureau at the places listed. 

If Weather Bureau reports are not available for the locality in question, 
then the reports for the station nearest to this locality are to be used, 
unless some other temperature is specifically stated in the specifications. 
In computing the average heat transmission losses for the heating season 
in the United States the average outside temperature from October 1 
to May 1 should be used. 

WIND VELOCITY EFFECTS 

The effect of wind on the heating requirements of any building should 
be given consideration under two heads: 

1. Wind movement increases the heat transmission of walls, glass, and roof, affecting 
poor walls to a much greater extent than good walls 

2 Wind movement materially increases the infiltration (inleakage) of cold sur through 
the cracks around doors and windows, and even through the building materials them- 
selves, if such materieds are at all porous. 

Theoretically as a basis for design, the most unfavorable combination 
of temperature and wind velocity should be chosen. It is entirely possible 
that a building might require more heat on a windy day with a moderately 
low outside temperature than oh a quiet day witii a much lower outside 
temperature. However, the combination of wind and temperature which 
is the worst would differ with different buildings, because wind velocity 
has a greater effect on buildings w'hich have relatively high infiltration 
losses. It would be possible to work out the heating load for a building 
for several different combinations of temperature and wind velocity which 
records show to have occurred and to select the worst combination ; but 
designers generally do not feel that such a degree of refinement is justified. 
Therefore, pending further studies of actual buildings, it is recommended 
that the average wind movement in any locality during December, 
January and February be provided for in computing (1) the heat trans- 
mission of a building, and (2) the heat required to tak^ care of the infiltra- 
tion of outside air. 

The fij'st condition is readily taken care of, as explained in Chapter 5, 
by using a surface coefficient /o for the outside wall surface which is based 
on the proper wind velocity. In case specific data are lacking for any 
given locality, it is sufficientiy accurate to use an average wind velocity of 
approximately 15 mph which is the velocity upon which the heat trans- 
mission coefficient tables in Chapter 5 are based. 

In a similar manner, the heat allowance for infiltration through cradrs 

.147 




American Scxiiett of Heating and Ventilating Engineers Guide, 1937 
Table 2. Climatic Conditions Compiled from Weather Bureau Records® 



aU S. data from U. S. Weather bureau 
Canadian data from MeteorologlcBd Service of f^nnHa. 
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Table 2. Climatic Cokditions Compiled from Weather Bureau RscoRDsa — 

(Continued) 


OoL A 

Col B 

CoL.C 

m 


CoL F 

State 

or 

Provmce 

City 

Average 

Temp, 

Cot iBt- 
May let 

Lowest 

Temp^ 

tureEver 

Reported 

Average 
Wind Vet 
oaty Deo., 
Jan , Feb., 
Miles per 
Hour 

Direofaon 
of Prevail* 
ing Wind, 

TVJ M 

Santa Fa . ' 

38 3 

-13 

7.8 

NE 

N C 

Ralaigrli 

50.0 

-2 

8.2 

SW 


Wilmingtnn _ . 

54 2 

5 

8.5 

sw 

N 

Bismarnk 

24.6 

-45 

9.1 

NW 


Dftvila T.alcA. 

20 3 

-44 

10.6 

w 

Ohio 

Cleveland 

37.2 

-17 

13.0 

sw 


Columbus.- 

39 9 

-20 

12.0 

sw 

Okie. - 

Oklahoma City 

47.9 

-17 

12.0 

N 

Oreff* 

Baker 

35 2 

-24 

6.9 

SE 


Portland. __ _ _ 

46.1 

-2 

7.5 

S 

P? , 

Philadelphia 

42 7 

-6 

11.0 

NW 


PittfihiirgVi _ 

41.0 

-20 

11.7 

W 

P T 

Providence. 

37.2 

-17 

12.8 

NW 

d r 

Charleston 

57.4 

7 

10.6 

SW 


Columbia-. 

54 0 

-2 

8.1 

NE 

S Dak .. 

Huron __ _ , 

28.2 

-43 

10 6 

NW 


Rapid City. 

33 4 

-34 

8.2 

W 

Tfttin 

KnoTTville. 

47.9 

-16 

7.8 

SW 


Memphis 

61.1 

-9 

9.7 

s 

'TAvaR 

R1 Paso _ 

53.5 

-6 

10.4 

NW 


Fort Worth 

55.2 

-8 

10.4 

NW 

TT+al, 

San Antonio. 

Modena 

60.6 

36 3 

4 

-24 

8.0 

8.8 

NE 

W 


Salt Lake City. 

40.0 

-20 

6.7 

SE 

Vt 

Burlington 

31.6 

-29 

11.8 

S 

Va 

Norfolk., ,., 

49 3 

2 

12.5 

N 


T^ynr.hhiiror , _ 

46.8 

-7 

7.1 

NW 


Piohmonn 

47,0 

-3 

7.9 

SW 

Waali 

Seattle... 

44.8 

3 

11.3 

SE 


Spokane.r.. 

37 7 

-30 

7.1 

SW 

W Va 

FTkms 

39.4 

-28 

6.6 

W 


Parkersburg 

42 6 

-27 

7 5 

SW 

Wis. 

Green Bay., 

30 0 

-36 

10.4 

SW 


T.S Cro.qse 

31 7 

-43 

7 3 

S 




33 4 

-25 

11.5 

1 W 

Wyo . 

Sheridan 

30.7 

-41 

6.0 

NW 


T<ander. . ,, -- 

30.0 

-40 

5 0 

SW 

Alfa. 

Edmonton 

23.0 

-67 

6.5 

sw 

p r 

Victoria. 

43 9 

- 1.5 

12.5 

N 


Vancouver 

42 0 

2 

4.5 

E 

Man 

Wmnipegf 

17.6 

-47 

10.0 

NW 

■NT P 

Fredericton - 

27.0 

-36 

9.6 

NW 

N S..- 

Yarmouth 

35.0 

-12 

14.2 

NW 

Ont .... — 

London 

32.6 

-27 

10.3 

SW 


Offnwa ... 

26.6 

-34 

8.4 

NW 


Port Arthur 

22 4 

-37 

7.8 

NW 


Toronto . . 

32 9 

-26.6 

13.0 

SW 

P. E I.. 

Que 

Charlottetown - 

29.0 

-27 

9.4 

SW 

Montreal . 

27.8 

-29 

14.3 

SW 

Quebec — — - — 

24.2 

-34 

13.6 

SW 


Pnnoe Albert 

15.8 

-70 

6.1 

w 

Dawson 

2.1 

-68 

3.7 

S 


•U S data from U. S. Weather Bureau. 

data from Meteorological Service of Ca nada . 
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and walls (Tables 1 and 2, Chapter 6) must be based on the proper wind 
velocity for a given locality. In the case of tall buildings special attention 
must be given to infiltration factors. (See Chapter 6). 

In the past many designers have used empirical exposure factors which 
were arbitrarily chosen to increase the calculated heat loss on the side or 
sides of the building exposed to the prevailing winds. It is also possible 
to differentiate among the various exposures more accurately by calcu- 
lating the infiltration and transmission losses separately for the different 
sides of the building, using different assumed wind velocities. Recent 
investigations indicate, however, that the wind direction indicated by 
Weather Bureau instruments does not always correspond with the 
direction of actual impact on the building walls, due to deflection by 
surrounding buildings. 

The exposure factor, which is still in use by many engineers, is usually 
taken as 15 per cent, and is added to the calculated heat loss on the side or 
sides exposed to what is considered the prevailing winter wind. There is a 
need for actual test data on this point, and pending the time when it can 
be secured, the question must be left to the judgment of the designing 
engineer. It should be remembered that the values of U in the tables in 
Chapter 5 are based on a wind velocity of 15 mph and that the infiltration 
figures are supposed to be selected from the tables in Chapter 6 to cor- 
respond to the wind velocities given in Table 2 of the present chapter. 

The Heatings Piping and A%r CondiHoning Contractors National Associ- 
ation has devised a method® for calculating the squeire feet of equivalent 
direct radiation required in a building. This method makes use of ex- 
posure factors which vary according to the geographical location and the 
angular situation of the construction in question in reference to pre- 
vailing winds and the velocity of them. 

AUXILIARY HEAT SOURCES 

The heat supplied by persons, lights, motors and machinery should 
always be ascertained in the case of theaters, assembly halls, and in- 
dustrial plants, but allowances for such heat sources must be made only 
after careful consideration of all local conditions. In many cases, these 
heat sources should not be allowed to affect the size of the installation at 
all, although they may have a marked effect on the operation and con- 
trol of the system.^ In general, it is safe to say that where audiences are 
involv^, the heating installation must have sufficient capacity to bring 
the building up to the stipulated inside temperature before the audience 
arrives. In industrial plants, quite a different condition exists, and heat 
sources, if they are always available during the period of human occu- 
pancy, may be substituted for a portion of the heating installation. In 
no case should the actual heating installation (exclusive of heat sources) 
be reduced below that required to maintain at least 40 F in the building. 

Electric Motors and Machinery 

Motors and the machinery which they drive, if both are located in the 
room, convert all of the electrical energy supplied into heat, which is 


■See Standards of Heaitngt Ptt*ng and Atr CondU%on%ng Coifiractors National AssoeuUton. 
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ret^ned in the room if the product being manufactured is not removed 
until its temperature is the same as the room temperature. 

If power is^ transmitted to the machinery from the outside, then only 
the heat equivalent of the brake horsepower supplied is used. In the 


first case the Btu supplied per hour = horsepower ^ 2,546, and 

Jc-mciency oi motor 

in the second case Btu per hour = bhp X 2,546, in which 2,546 is the 
Btu equivalent of 1 hp-hour. In high-powered mills this is the chief 
source of heating and it is frequently sufficient to overheat the building 
even in zero weather, thus requiring cooling by ventilation the year 
round. 


The heat (in Btu per hour) from electric lamps is obtained by multi- 
pl 3 dng the watts per lamp by the number of lamps and by 3.415. One 
cubic foot of producer gas gives off about 150 Btu per hour; one cubic 
foot of illuminating gBs gives off about 535 Btu per hour; and one cubic 
foot of natural gas gives off about 1000 Btu per ‘hour. A Welsbach 
burner averages 3 cu ft of gas per hour and a fish-tail burner, 5 cu ft 
per hour. For information concerning the heat supplied by persons, 
see Chapter 3. 


In intermittently heated buildings, besides the capacity necessary 
to care for the normal heat loss which may be calculated according to 
customary rules, additional capacity should be provided to supply the 
heat necessary to warm up the cold material of the interior walls, floors, 
and furnishings. Tests have shown that when a cold building has had its 
temperature raised to about 60 F from an initial condition of about 0 F, 
the heat absorbed from the air by the material in the structure may vary 
from 50 per cent to 160 per cent of the normal heat loss of the building. 
It is therefore necessa^, in order to heat up a cold building within a 
reasonable length of time, to provide such additional capacity. If the 
interior material is cold when people enter a buil(^ng, the radiation of 
heat from the occupants to the cold material will be greater than is 
normal and discomfort will result. (See Chapter 3.) 


WAIL SURFACE CONDENSATION* 

Condensation on the interior surfaces of buildings is often a serious 
problem. Water dripping from a ceiling may cause irreparable damage 
to manufactured articles and machinery. It often results in short-cir- 
cuiting of electric power and lighting systems, necessitating shut-downs 
and incurring costly repairs. It also causes rotting of wood roof struc- 
tures, corrosion of metal roofs, and spalling and disintegration of gypsum 
and other types of roof decks not properly protected. 

Condensation is caused by the contact of the warm humid air in a 
building with surfaces below the dew-point temperature, and can be 
remedied in two ways, (1) by increasing the temperature of such surfaces 
above the dew-point temperature, or (2) by lowering the humidity. 

Dehumidification, of course, is not advisable where a high relative 
humidity is necessary for manufacturing processes. Hence, the only 
alternative is to increase the surface temperature by decreasing the inside 


^Preventing Condensation on Intenor Building Surfaces, by FaulD Close (A S H.V E Transactions, 
Vol. 36. 1980). 
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surface resistance. This can be accomplished by increasing the velocity 
of air passing over the surface, or by increasing the over-all resistance of 
the wdl or roof by installing a sufficient thickness of insulation. 

The latter metliod is generally used, and the thickness of insulation 
is determined by ascertaining the amount of resistance to be added to 
increase the temperature of the interior surface above the dew-point 
temperature for the maximum conditions involved. This in turn is based 
on die fundamental principle that the drop in temperature is proportional 
to the resistance. See Question 12 at the end of this chapter. 

HEAT LOSS CX3MPUTATION EXAMPLE 



Fig. 1. Elevation op Factory Building 


1. Location Philadelphia, Pa. 

2. Lowest outside temperature. (Table 2) — 6 F 

3. Base temperature: In this example a desim temperature 10 F above lowest 

on record instead of 16 F is used. Hence me base temperature » 


(- 6 -h 10) - + 4 F. 

4. Direction of prevailing wind (during Dec., Jan., Feb.) Northwest 

6. Breathing-line temperature (6 ft from floor) 60 F 

6. Inside air temperature at roof: 


The air temperature just below roof is higher than at the breathing line. 
Height of roof is 16 ft, or it is 16 - 5 « 11 ft above breathing line. Allowing 
2 per cent per foot above 5 ft, or 2 X 11 » 22 per cent, makes the tem- 
perature of the air under the roof » 1.22 X 60 » 73.2 F. 

7. Inside temperature at walls: 

The air temperaiure at the mean height of the watts is greater than at 
the breathing fine. The mean height of the walls is 8 ft and allowing 2 per 
cent per foot above 6 ft, the average mean temperature of the walls is 
1.06 X 60 * 63.6 F. By similar assumptions and calculations, the mean 
temperature of the glass will be found to be 64.2 F and that of the doors 
61.2 F. 


8. Average wind velocity (Table 2) 11.0 mph 

9. Over-all dimensions (See Fig, 1) 120 x 60 x 16 ft 

10. Construction: 


Watts — 12-in. brick, with Ji-in. plaster applied directly to inside surface. 
Roof — 3-in. stone concrete and built-up roofing. 
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Moor — 5-m. stone concarete on S-in. cinder concrete on dirt. 

Boors — One 12 ft x 12 ft wood door (2 in. thick) at each end. 

Windows — ^Fifteen, 9 ft x 4 ft single glass double-hung windows on each side. 

11. Transmission coefficients: 


(Table 3, Chapter 5, Wall 2B) U « 0.34 

(Table 11, Chapter 5, Roofs 2A and 3A) U = 0.77 

Floor — (Table 10, Chapter 6, Floors 5A and 6A) U = 0.63 

Poors— (Table 13B, Chapter 6) U « 0.46 

Windows — (Table 13A, Chapters) U == 1.13 


12. Infiltration Coefficients: 

Windows — ^Average windows, non-weatherstripped, crack and 

Ji^ 4 -in. clearance. The leakage per foot of crack for an 11-mile wind 
velocity is 25.0 cfh. (Determined by interpolation of Table 2, 
Chapter 6 ) Hie heat equivalent per hour p^ degree per foot of 
crack is taken from Chapter 6. 

26.0 X 0.018 = 0.45 Btu per d^ Fahr per foot of crack. 

Doors — ^Assume infiltration loss through door crack twice that of windows 
or 2 X 0.46 = 0.90 Btu per d^ fahr per foot of crack. 

WaUs — ^As diown by Table 1, Chapto 6, a plastered wall allows so little 
infiltration that in this problem it may be n^Iected. 

13. Calculations: See calculation sheet, Table 3. 


Table 3. Calculation Sheet Showing Method of Estimating Heat Losses of 
Building Shown in Fig. 1 


Part of Building 

WXDIH 

IN 

Fsbt 

Height 

IN 

Feet 

Net Sur- 
face Area 
OR Crack 
Length 

Coeffi- 

cient 

Tebcp. 

Deff. 

Total 

Btu 

North Wall 

Bnck, H-m plas^ 

Doors (2-in. wood) 

H in* Crack, 

60 

12 

1 pair 

16 

12 

doors 

656 

144 

60 

034 

046 

090 

H 

18,293 

3,789 

1,544a 

West Wall: 

Bnck, i4-m plaster 

Glass (SSngle) 

120 

15x4 

Double 

Wmdov 

16 

9 

Hung 

1380 

540 

450 

0.34 

1.13 

045 

59.6 

60.2 

602 

27,964 

36,734 

6,095« 

South Wall 

Same as North Wall 


18.626 

East Wall. - 

Same as West Wall 


70.793 

Roof, 8-in. concrete and slag- 
surfaced built-up roofing 

50 

120 

6000 

0.77 

69.2 

819.704 

Floor, 5-in stone concrete on 
3-m cinder concrete 

50 

120 

6000 

063 

5b 

18.900 

Grand Total of heat required for building m Btu per hour 

517.442 


•Thu budding has no partitions and whatevw air ti^ugh the cia^ 
leave through the cracks on the leeward side. Tha^ore, only one-half of the total crack will be used m 
computing infiltration for each nde and each end of building. 

bA 5 F tempemtuze differential is commonly assumed to eriat between the air on one side of a large 
floor laid on the ground and the ground. 
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PROBLEMS IN PRACTICE 

1 • Wliat is the relation between the sensible heat loss from a building and the 
heat required for humidification? 

A house with a volume of 14,000 cu ft has a heat loss 120 Mbh for standard uninsulated 
frame construction and a 70 F temperature difference. Assuming a leakage rate of 
1 air changes per hour it would require about 10 Mbh to maintain a relative humidity 
of 46 per cent when the outside air is 0 F and 50 per cent relative humidity. By using 
an insulation such as rock wool, the sensible heat loss of this house may be reduced to 
approximately 77 Mbh The insulation does not affect the humidification load, which 
now assumes greater importance. 

2 • What inside dry-bulb temperatures are usually assumed for* (a) homes, 
(b) schools, (c) public buildings? 

Referring to Table 1 : 

a. 70 to 72 F. 

b. Temperature varies from 55 to 75 F, depending on the room. Classrooms, for instance, 
are usually specified as 70 to 72 F. 

c. 68 to 72 F 

3 • How is the outside temperature selected for use in computing heat losses? 

The outside temperature used in computing heat losses is generally taken from 10 to 15 F 
higher than the lowest recorded temperature as reported by the Weather Bureau during 
the preceding 10 years for the locality in which the heating system is to be installed 
In some cases where the lowest recorded temperature is extremely unusual, the design 
temperature is taken even higher than 15 F above the lowest recorded temperature 

4 # What are the effects of wind movement on the heating load? 

a. Wind movement increases the heat transmission of walls, glass, and roof, it affects 
poor walls to a much greater extent than good walls. 

b Wind movement matenally increases the infiltration (inleakage) of cold air through 
the cracks around doors and windows, and even through the building materials them- 
selves if such materials are at all porous. 

5 • Calculate the heat given off by eighteen 200-watt lamps. 

200 X 18 X 3.415 — 12,294 Btu per hour. 

6 • A two-story, six-room, frame house, 28-ft by 30-ft foundation, has the 
following proportions: 

Area of outside walls, 1992 sq ft. 

Area of glass, 333 sq ft. 

Area of outside doors, 54 sq ft. 

Cracks around windows, 440 ft. 

Cracks around doors, 54 ft. 

Area of second floor cdJdng, 783 sq ft. 

Volume, first and second floors, 13,010 cu ft. 

Ceilings, 9 ft high. 

The minimnwi temperature for the’ heating season is — 34 F, and the required 
inside temperature at the 30-in. level is 70 F. The average number of degree 
days for a heating season is 7851, and the average wind velocity is 10 mph, 
northwest. 

The walls are constructed of 2-in. by 4-in. studs with wood sheathing, building 
paper, and wood siding on the outside, and wood lath and plaster on the inside. 
Windows are single glass, double-hung, wood, without weatherstrips. The 
second floor ceiling is metal lath and plaster, without an attic floor. %be roof 
is of wood shingles on wood strips with rafters ei^sed. The area of the roof is 
20 per cent greater than the area of the ceiling. Select values for the following: 
(a) U for walls; (b) U for glass; (c) U for second floor ceiling; (d) U for roof; 
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(©) U for ceiling and roof combined; (f) air leakage^ cubic feet per hour per foot 
of window crack; (g) air leakage, cubic feet per hour per foot of door crack* 

a. 0.26 (Table 5, Chapter 5). 
h. 1.13 (Table 13, Chapter 5). 

c. 0.69 (Table 8, Chapter 6) 
d 0.46 (Table 12, Chapter 6). 
e. 0.23 (Equation 6, Chapter 5). 

/. 21.4 (Table 2, Chapter 6). 

g, 42 8, which is double the window leakage. 

7 # Using the data of Question 6, calculate the •maTiTwiim Btu loss per hour for 
the various constructions, and show the percentage of the total heat which is 
lost through each construction described* 

A^ume 2 per cent rise in temperature for each foot in height. The average temperature 
will be 72 8 F for walls, doors, and windows, and 79.1 F for the second floor ceihng. 


a. Outside walls 
h. Glass 

c. Doors 

d. Second floor ceihng 

e. Air leakage, windows 

f. Air leakage, doors 


46,200 Btu loss 
34,960 Btu loss 
6,670 Btu loss 
17,840 Btu loss 
16,760 Btu loss 
3,866 Btu loss 

124,276 Btu loss 


37.2 per cent of total 
28.1 per cent of total 

4.6 per cent of total 

14.3 per cent of total 
12.7 per cent of total 

3.1 per cent of total 

100.0 per cent of total 


8 • For the house in Question 6, place 1-in. insulation in the outside walls and 
second floor ceiling; k for insulation » 0*34. Use weatherstrip on doors and 
windows, and double glass on the windows; G ~ 0*55. Calculate or select the 
following values: (a) U for walls; (b) U for glass; (c) U for second floor ceiling; 
(d) U for combination of ceiling and roof; (e) air leakage, cubic feet per hour 
per foot of door crack; (f) air leakage, cubic feet per hour per foot of window 
crack* 


0. 

0.144 

6. 

0.65 

c. 

0.23 

d. 

0.13 

e. 

16.6 

/. 

31,0 


9 # Calculate the maximum Btu loss per hour and show the percentage loss by 
each channel for the house as insulated in Question 8. 


a. Outside walls 
h. Glass 

c. Doors 

d. Ceihng 

e. Air leakage, windows 

f. Air leakage, doors 


I Btu loss 36.2 per cent of total 

I Btu loss 23 1 per cent of total 

I Btu loss 7.7 per cent of total 

I Btu loss 13.7 per cent of total 

t Btu loss 16.5 per cent of total 

i Btu loss 3.8 per cent of total 

i Btu loss 100.0 per cent of total 


10 # From the results of Questions 7 and 9, calculate the Btu saved and the 
percentage saved by each change in construction* 


BttjS^yxd FiiaCbi«tSavid 


а. Outside walls. 

б. Glass 

c. Doors 

d. Ceiling 

e. Air leakage, windows.... 

/. Air leakage, doora 
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11 • From the results of Questions 7 and 9* calculate the heat loads per heating 
season in Btu and note the sayings by better construction. 

The 78£1 d^ee days for the heating season multiplied by 24 hours, times the Btu loss 
per hour for 1 F drop in temperature gives the Btu load per heating season. 

Saving - 250,800,000 - 148,000.000 » 102,800,000 Btu 


12 • The dry-bulb temperature and ihe relative humidity at the ceiling of a 
mixing room in a bakery are 80 F and 60 per cent, respectively. The roof is a 
4-in. concrete deck covered with built-up roofing. If the lowest outside tem- 
perature to be expected is — 10 F, what thickness of rigid fiber insulation will be 
required to prevent condensation? 

From Table 11, Chapter 5, U for the uninsulated roof = 0,72. From Table 2, Chapter 5, 
k for npfid fiber insulation = 0.33. From the p^dirometnc chart the dew point of air 
at 80 F and 60 per cent relative humidity is 65 F The ceiling temperature, therefore, 
must not drop below 65 F if condensation is to be prevented. 


When equilibrium is established, the amount of heat flowmg through any component 
part of a construction is the same for each square foot of area. 


Therefore, 

where 


27 [80 - (-10) ] = 1.65 (80 - 65) 


U is the transmittance of the insulated roof. 

Solving the equation, 27 0 275. 

The resistance of the insulated roof = - 7 :~r =- = 3 64. 

U.^70 

The resistance of the uninsulated roof = = 1,39 

The resistance of the insulation = 3 64 — 1 39 = 2.25 


Resistance per inch of insulation 


1 

0.33 


- 3.0. 


Since a resistance of 2 25 is required, and 1 m of msulation has a resistance of 3, one inch 
will be suffiaent to prevent condensation. 

The same result might have been obtained by selecting an insulated 4-in, concrete slab 
having a 27 of less than 0.275 from Table 11, Chapter 5. This 4-in, concrete slab with 
1-in. rigid insulation has a 27 of 0.23 which is safe. 
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COOLING LOAD 

Conditions of Comfort^ CooUng Load, Sensible Heat Conducted, 
Design Outside Temperatures, Solar Radiation Through Walls and 
Roofs, Time Lag, Solar Radiation Transmitted Through Glass, 
Outside Air Heat and Moisture Leakage, Heat and Moisture Sources 

T he method of calculating the cooling load is similar to that used 
in calculating the heating load. The direction of the flow of heat is 
reversed, however, and in most cases additional factors must be con- 
sidered, such as solar radiation and the heat from occupants, lights, 
motors, and other sources. The character of the load depends on the type 
of building to be cooled as, for example, in auditoriums and other places 
of assembl^e where the maximum load usually is that due to the heat and 
moisture given off by the occupants, or in office buildings and residences 
where solar radiation and the transmission and infiltration of heat 
through the building shell are most important. 

While cooling is generally identified with the summer season, it is often 
necessary to cool in winter as well as in summer. In a crowded place of 
assemblage the heat given off by the occupants, together with that given 
off by the lighting and power equipment, may be more than the normal 
heat loss through the structure even in winter under cold climatic con- 
ditions. 

Much of the basic information for the design of comfort conditioning 
installations has resulted from research conducted at the A.S.H.V.E. 
Research Laboratory and at institutions with which cooperative research 
investigations have been carried on. These data include the effective 
temperature index, and heat and moisture loss data given in Chapter 3. 

CONDITIONS OF COMFORT 

The conditions to be maintained in an enclosure are variable and 
depend on many factors, especially the season of the year and (during the 
summer) the outside dry-bulb temperature and the duration of the period 
of occupancy. Information concerning the proper effective temperatures 
to be maintained for various seasons is given in Chapter 3, where ^e also 
tabulated the most desirable indoor air conditions to be maintained in 
summer for exposures less than three hours. (See Table 2, Chapter 3.) 

In installations for restaurants and theaters the requirements are 
different from those in offices, since there must be a considerable volume 
of air circulated in order to provide ventilation and cooling 
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Table 1. Design Dry- and Wet-Bulb Temperatures, Wind Velocities, and 
Wind Directions for June, July, August, and September (Continued) 



ClTT 

Design 

Drt-Bttlb 

Design 

Wet-Bttlb 

SmaaR Wind 
Velocett 
MPH 

1 

FRBV.1II1NG 
SmocER Wind 
Direction 

TTfflh 

Salt Lake City_ __ 

95 

67 

82 

SE 

Vt 

Burlington _ 

85 

71 

8.9 

S 

Va 

Norfollc __ . _ 

91 

76 

10 9 

S 


Rirhmond __ 

95 

78 

6.2 

SW 

Wash. _ 

Seattle . 

83 

61 

7.9 

S 


Spokane 

89 

63 

6.5 

SW 

W Vfl. 

Parkersburg 

90 

74 

5.3 

SE 

Wis 

MaHifion 

89 

73 

81 

SW 


Milwaukee 

93 

74 

10 4 

s 

Wyn. 

Cheyenne . _ 

85 

62 

92 

s 





COOLING LOAD 

The cooling load may be divided into the following parts: 

1. Transmission of heat through walls, roof, and glass with allowances for sun- 
exposed surfaces and heat capacity 

2. Transmission of solar radiation through glass and absorption by interior furnishings. 

3. Heat and moisture from infiltration and from outside air introduced. 

4 Heat and moisture from occupants and heat from lights, machinery and other 
sources. 

Sensible Heat Conducted 

The transmission load /or surfaces not exposed to the sun is calculated in 
a manner similar to that described in Chapter 7, by means of the following 
formula: 

Ht=AU(to-t) ( 1 ) 

where 

Ht * heat transmitted through the material of the wall, glass, roof, or floor, Btu 
per hour. 

A «= net inside area of wall, glass, roof, or floor, square feet. 
t a= inside temperature, d^^rees Fahrenheit, 
to =* outside temperature, d^;rees Fahrenheit. 

U «= coefiScient of transmission of wall, floor, roof or glass, Btu per hour p^ 
square foot per degree Fahrenheit difference m temperature (Tables 3 to 13, 
Qiapter 6 ) 

Defidgn Outside Temperatures 

Summer dry-bulb and wet-bulb temperatures for various cities are 
given in Table 1. It will be noted that the temperatures are not the 
mavimiims but the des^n temperatures which should be used in air 
conditioning calculations. The maximum outside wet-bulb temperatures 
as given in Weather Bureau reports usually occur only from 1 per cent to 
4 per cent of the time, and they are therefore of such short duration that 
it is not practical to design a cooling system covering this range. The 
temperatures shown in Table 1 are bas^ on a study of hourly tempera- 
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tures in New York City from which factors were derived and appli^^ to 
the average maximum dry- and wet-bulb temperatures for other cities. 
This study covered a twenty-year record of Weather Bureau tempera- 
tures, The design temperatures given are not exceeded more than 6 to 
8 per cent of the time during a cooling season of 1200 hours in June, July, 
August, and September for an average year. 

Solar Radiation Through Walls and Roote 

Fig. 1^ shows the total amount of solar energy in Btu per square foot per 
hour received during the day by a surface normal to the rays of the sun, 
by a horizontal surface, and by east, west, and south walls. The curves 
are drawn from A.S.H.V.E. Laboratory data obtained by pyrheliometer, 
are based on sun time, and are for a perfectly clear day on August 1 at a 
nortih latitude of 40 deg. Data from these curves may be used with 
little error for most United States latitudes and for all of the hotter 
months of the year. 

The absorption of solar radiation by a surface depends upon the 
character of the surface and the angle of the surface with respect to the 
direction of the radiation. The heat absorption by a black oilcloth 
surface perpendicular to the sun’s rays was found to be as high as 273 Btu 
per square foot per hour, based on tests conducted by the A.S.H.V.E. 
Research Laboratory in Pittsburgh^. Lamp black, red brick dust, and 
aluminum bronze painted surfaces perpendicular to the sun’s rays 
showed, respectively, 94.0, 63.4, and 28.2 per cent as high a rate of 
absorption as the black oilcloth. 


Table 2. Allowance for Solar Radiation on Roofs and Walls 

Approxdcats NxncBBR OF Dsgkbss to Add to Dxt-Bulb Tempbratukx 
FOR Diffsrxnt Types of Surfaces 


Tipi of Subpacs 

Biaoc 

Red BBXOKoaTiu 

ALUHxmnc Paint 

Roof, horizontal- 

45 

80 

15 



20 

10 

South wall _ 

15 

10 

5 



Solar radiation is an important factor in the mechanism of heat flow 
into buildings. Research conducted at the A.S.H.V.E. Research Labora- 
tory* has shown that a large error may be introduced into the calculations 
by failure to consider the periodical character of heat flow resulting from 
the diurnal movement of the sun and the heat capacity of die structure, 
which determine the timing and magnitude of the heat wave flowing 
through the wall into a buil^ng on a hot, sunny day. 

Unfortunately, the calculations for the transmission of heat from solar 


^Heat Txansmxflsion as Influenced by Heat Capaaty and Solar Radiation, by F. C Houahten. 1 L. 
Blacksbaw, E M. Pugh and Paul McDermott (A.S H V.E Transactions, Vol 38, 1982). 


*Abaorption of Solar Radiation in Relation to the Temperature, Color, Angle, and Other Characteriatics 
of the Absorbing Surface, by F C Houghten and Carl Gutberlet (A S H V E Transactions, Vol. 36, 1930). 

•Coeffiaents of Heat Transfer as Measured under Natural Weather Conditions, by F. C Houghten and 
C. G F Zobel (ASH V.E Transactions. Vol 34, 1928); Absorption of Solar Radiation m Its Relation 
to the Temperature, Color, AmIc and Other Charactenstics of the Absorbmg Surface, by F, C Houghten 
and Carl Gutberlet (A.&H.V K Transactions, Vol 36, 1930) 
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Fig. 1. CuRVBS Giving Solar Intensity Normal to Sun, on Horizontal 
Surface and on Walls for August 1 
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radiation through building walls are too complicated to be of much 
practical value to tiie heating and ventilating engineer. ^ Approximate 
results may be obtained by adding the number of degrees given in Table 2 
to the outside design dry-bulb temperature in calculating the heat trans- 
mission through a wall or roof which may be ^posed to the sun for an 
appreciable length of time. Table 2 was obtained from a study of the 
data in A.S.H.V.E. research papers on solar radiation^. Black and 
aluminum painted surfaces represent the extremes which are likely to 
occur. For other types of surfaces, values intermediate between those 
given in the table can be used. 

Time Lag 

The calculation of heat transmitted through walls and roofs does not 
take into consideration the heat capacity of the structure and the con- 
sequent time lag in the transmission of heat. In the thick walls used in 
modem office buildings the time lag may amount to 10 hours or more®. 
Thus in many cases the wall transmission cannot be added directly to the 
cooling load from other sources because the peak of the wall transmission 
load may not coincide with the peak of the total cooling load and may 
even occur after the cooling system has been shut down for the day. The 
data in Table 3 were taken from A.S.H.V.E. research papers® and 
while they result principally from a study of experimental slabs, they give 
an idea of the time lag to be expected in various structures. 


Table 3. Time Lag in Transmission of Solar Radiation through Walls and Roofs 


Tin AND Thzgknxss or Waxx ob Roof 

TnaLaa, 

Houbb 

2-in pirift _ . __ 

3 

fi-in. rnncrftte __ _ 

4-in. gypaiim 

2 

S-?n ronrrftte an<l l-in. rnrlc 

2-in. iron and cork ^equivalent to J^-in. concrete and 2.15-in cork) 


4-in. iron and cork (equivalent to 5j^in. concrete and 1,94-in. cork) 

8-in. iron and cork (equivalent to 16-in. concrete and l..'5.3-in cork) 

7^ 

19 

22-in. brick and tile wall , _ , , 

10 



In intermittently cooled buildings the cooling capacity must be 
sufficient to care for the load imposed by the necessity to cool down the 
furnishings and the material of ttie interior construction to the point of 
maintained temperatures. 

Solar RacUation Transmitted Through Glass 

In considering the transmission through glass several factors must be 
considered. As the sun’s rays impinge against a pane of glass, most of the 
radiation pa^es through to the other side, a small amount is reflected, and 
the balance is absorb^ by the glass. The amount absorbed depends upon 
the character and thickness of the glass and the angle between the sun’s 
rays and the glass. The temperature of the glass is raised by the absorbed 


Coc Cit Notes 1 and 2. 

“Field Studies of Office Building Cooling, by J H Walker. S S Sanford and E P WeUa (A S H.V.E. 
TiiANSACnoNS, Vol 38, 1932) 

“Loc Cit Notes 1,2 and 5 
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heat and this heat is then delivered to the air on the two sides of the glass 
in proportion to the difference between glass and air temperatures’. 

The A.S.H.V.E. tests® indicated that a single pane of double strength 
gla^ 0.127 in. thick absorbs approximately 11 per cent of the solar 
radiation passing through it when the impingement is normal. For 
smaller angles of impingement, the glass retards percentages of the total 
radiant energy approximately in proportion to the sine of the angle. 
Other experiments® indicate a glass absorption of 16.7 per cent for one 
pane of glass and 37.5 per cent for two J^-in. panes separated by a 
air space. 

The amount of solar fadiation delivered to an unshaded glass sur- 
face may be obtained from the curves in Fig. 1. For surfaces other than 
those ^ven, the solar radiation normal to the glass must be calculated. 
Hendrickson and Walker^® have shown how this may be done if the wall 
faces some direction other than east, west, or south. They have also 
shown how to calculate the net glass area on which the solar radiation 
impinges when the glass is partly shaded by the frame or wall. The 
values from Fig. 1 must be used only for the net glass area on which the 
sun shines. Tests at the A S.H.V.E. Research Laboratory^^ have deter- 
mined the percentages of heat from solar radiation actually delivered to 
a room with bare windows and with various types of outdoor and indoor 
shading. The data in Table 4 are taken from these tests. 


Table 4. Solar Radiation Transmitted through Bare and Shaded Windows 


TtPB Of ApPUHrBNANCa 

FnnsH 

FAcmo 

Sun 

PiBH Gbot 
Dkuvbsioi 
toRooic 

Bare window glass „ 


97 

Canvas awning _ __ 

Plain 

28 

Canvas awning . _ __ _ __ _ 

Aluminum 

22 

Tns?Hf» shade, fully drawn __ 

Aluminum 

45 

Inside shade, one-half drawn. 

Bulf 

68 

Inside Venetian blind, fully covering window, slats at 45 deg. 

Outside Venetian blind, fully covenng window, slats at 45 deg.... 

Aluminum 

58 

Aluminum 

22 


The percentage figures in this table were obtained by dividing the total 
amount of heat actually entering through the shaded window by the 
total amount of heat calculated to enter through a bare window (solar 
radiation plus glass transmission based on observed outside glass tem- 
perature). For bare windows on which the sun shines, the transmission 
of heat from outside air to glass is small or negative as the glass tem- 
perature is raised by the solar radiation absorb^. Therefore, in calcu- 
lating the total heat gain through windows on the sunny sides of buildings, 
it is suflBiciently accurate to figure the total cooling load due to the 
window, as the solar radiation times the proper factor from Table 4, and 


meat Absorbing Glass Wmdovs^, by W W Shaver (ASH VJE Journal Section, Heattng, Pt^tng arid 
Avt Condttwnmgt September, 1935) 

^Radiation of Energy Through Glass, by J L Blackshaw and F C Houghten (A S H.V E Trai^ 
iZlmoNS, Vol. 40, 1991). Studies of Solar Radiation Through Bare and Shaded wmdowa, by F. C. 
Houghten, Carl Gutberlet. and J L Blackshaw (A S H.V E Transactions, Vol 40, 1934). 

*Loc Cit Noted 

“Summer Cooling for Comfort as Affected by Solar Radiation, by G. A Hendnckson and J H Walkw, 
Heating and Ventdatvng, November, 1932, and The Detenmnabon of Sun Effect on Summer Coohng Loads, 
by G A Hendnckron and J H Walker, Heating and Venttlaiing, June, 1933 

»Loc at Notes 
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to neglect the heat transmission through the gla^ caused by the difference 
between the temperatures of the inside and outside air. Another reason for 
neglecting this glass transmission load is that the curves in Fig. 1 were 
based on the maximum intensity of solar radiation observed at the 
A.S.H.V.E. Laboratory during a three-year study, so results based on 
these curves will be amply high. It will be noted that Table 4 gives the 
amount of heat delivered through the window as 97 per cent of the solar 
radiation, which is greater than is indicated by the figures for absorption 
in the preceding paragraph. The explanation is that much of the radia- 
tion absorbed by the glass is delivered to the room. 

Although 97 per cent of the heat from solar radiation is delivered to a 
room through bare window glass, more recent tests^ have indicated that 
in the case of buildings having floors of high heat capacity such as con- 
crete floors on which the solar radiation falls, approximately one-half of 
the heat entering a bare window is absorbed by the floor and does not 
immediately become a part of the cooling load but is delivered back to 
the air in the building at a slow rate over a period of 24 hours or longer. 

Fig. 1 shows that the maximum solar intensity on any surface is of 
limited duration. In the case of windows the totd energy impinging on 
the glass before and after the time of maximum intensity is further 
reduced by increased shading of the glass from the frame, or wall. The 
cooling load due to solar radiation therefore does not have to be figured as 
a steady load. Another point which should be noted is that the maximum 
solar radiation load on an east wall occurs early in the morning when the 
outside temperature is low. 

In a paper by the A.S.H.V.E. Research Laboratory^® it was shown that 
ordinary double strength window glass tramsmits no measurable amount 
of energy radiated from a source at 500 F or lower; that it transmits 
only 6.0 aind 12.3 per cent of the total radiation from surfaces at 700 F and 
1000 F, respectively; and that it transmits 65.7 per cent of the radia- 
tion from an arc lamp, 76.3 per cent of the radiation from an incandescent 
tungsten lamp, and 89.9 per cent of the radiation from the sun. Thus, 
glass windows in a room constitute heat traps, which allow rather free 
transmi^ion of radiant eneigy into the room from the sun to warm 
objects in it, but do not allow the transmission of re-radiated heat from 
these same objects. 

Tested* have been made which indicated that sunshine through window 
glass is the most important factor to contend with in the cooling of an 
office building. At times it was shown to account for as much as 75 per 
cent of the total cooling necessary. Because of the importance of the 
sunslme load, poling systems should be zoned so that the side of the 
building on which the sun is shining can be controlled separately from 
the other sidp of the buUding. If buildings are provided with awnings 
so that the window glass is shielded from sunshine, the amount of cooling 
required will be reduced and there will also be less difference in the cooling 
requirements of different sides of the building. The total cooling load for 
a building exposed to the sun on more than one side is of course less than 


^Cooling I^iurements of Slxigle Rooms in a Modem Office Building, by F. C Houghton, Carl Gutberlet, 
and Albert J. Wahl (A S H.V.E Journal Section, Seating, Ptptng and Atr CondtHonmg, April, 1936) 

“Loc Cit. Notes, 
i*Loc Cit Noted 
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the sum of the maximum cooling loads in the individual rooms since 
the maximum solar radiation load on the different sides occurs at different 
times In determining the total cooling load for a building if the time 
when the maximum load occurs is not obvious, the load should be calcu- 
lated for various times of day to determine the time at which the sum of 
the loads on the different sides of the building is a maximum. 

Outside Air Heat and Moisture Leakage 

An allowance must be made for the heat and moisture in the outside air 
introduced for ventilating purposes or entering the building through 
cracks, crevices, doors, and other places where infiltration might occur. 

The volume of air entering due to infiltration may be estimated from 
data given in Chapter 6 using wind velocities from Table 1, Chapter 8. 
Information oh the amount of outside air required for ventilation will be 
found in Chapter 3. 

The heat gain resulting from the outside air introduced may be esti- 
mated from the following formula: 

Hi « 60 Q4, (00 - 0) (2) 

where 

Hi heat to be removed from outside air entering the building, Btu per hour. 

Q «= volume of outside air entering the building, cubic feet per minute. 
do ^ density of outside air, pounds of dry air per cubic foot of outside air, at the 
temperature to. 

00 heat content of mixture of outside dry air (at temperature A>} and water vapor, 

Btu per pound of dry air. 

0 n heat content of mixture of inside dry air (at temperature t) and water vapor, 
Btu per pound of dry air. 

Heat and Moisture Sources 

Figs, 8 to 11, Chapter 3, show theheatandmoisturegivenoff by human 
beings under various conditions of activity. For average conditions where 


Table 5. Heat Gain Due to Various Devices, Btu per Hour 


Lights and electrical appliances 

Motors with connected load in same room® 

Nameplate rating, to H lip 

Nameplate rating, fs to 3 hp 

Nameplate rating, 3 to 20 hp 

Restaurant coffee urns, 10-gal capacity. 

Dish warmers per 10 sq ft of shelf 

Restaurant range— 4 burners and oven 

Residence gas range 

Giant burner 

Medium burner 

Oven 

Pilot 

Electric range 

Sxnall burner, 1000 to 1360 watta. 

Large burner, 1700 to 2200 watta 

Oven, 2000 to 3000 watts 

Appliance connection, 660 watts 

Warming compartment, 300 watts. 


3,413 per kw 

4,260 per hp 
3,700 per hp 
2,960 per hp 
16,000 
6,000 
100,000 

12,000 

9.000 

1.000 per cu ft of space 
250 

3,413 per kw 
3,413 per kw 
3,413 per kw 
2,250 
1,025 


•Deduct 25i5 Btu per hp if connected load u outiide of room. 


165 


American Soceety of Heating and Ventilating Engineers Guide, 1937 


a person is normally at rest, as in a theater, or doing very light work, as in 
a restaurant or residence, the total amount of heat given off will average 
about 400 Btu per hour. Part of this is latent heat due to the evaporation 
of 700 to 1200 grains of moisture per hour. Examples illustrating heat and 
moisture loss calculations for human beings are given in Chapter 10. 

All sources of heat must of course be considered in designing the con- 
ditioning system. The heat gain due to various devices is given in Table 5. 

Moisture evaporated by appliances must be included in the total 
latent heat load. In some cases only a small part of the heat from lights 
immediately affects the cooling load. Tests^® show that with lights placed 
near the ceiling under some conditions the electricity used for illumination 
has little effect on the cooling load in an office cooled during the usual 
short period. The air heated by the lights stratifies closely to the ceiling 
and the temperature of the lower layers of air is raised only a small 
amount after a considerable lapse of time. 

An example of cooling load calculation is given in Chapter 10. Another 
method of determining the heat gain of air conditioning loads, is given in 
a paper^* presented before the Society which outlines solar effect and 
absorption coefficients to apply to walls facing several directions at 
various latitudes and at different times of the day. 


“Loc, Cit Note H 

UA Rational Heat Gain Method for the Determination of Air Conditioning Cooling Loads, by F H 
Faust, L Levine and F O Urban (ASH VB. Journal Section, Heatvng, FtPmg arui Air Condi ttomng, 
August, 1986). 


PROBLEMS IN PRACTICE 

1 • In buildings sucb as an office building which is cooled inlermiltently, 
will the Tnaximum cooling load occur colncidently with the maxim unoi dry^ 
bulb temperature? 

Not necessarily Tests indicate that particularly for east and south exposures the maxi- 
mum rate of coolmg occurs shortly after the equipment is started in the morning. This 
extra heat is that which was absorbed by the building during the preceding day and also 
dunng the off penod. The rapid lowenng of the room temperature after the cooling 
equipment is started causes this stored up heat to flow quickly from wall and floor 
surfaces to the room air. 

2 # The outdoor and indoor temperatures are 90 F and 78 F, respectively. 
What is the amount of heat transmitted per hour through a 7 ft by 4 ft north 
window? 

Ht^2SX 1.13 (90 - 78) « 380 Btu per hour. 

(Equation 1, Chapter 8 and Table 13, Chapter 5.) 

3 • What are the proper design temperatures for a Detroit store? 

Outdoor dry-bulb, 93 F ; wet-bulb, 73 F. (Table 1, Chapter 8.) 

Indoor dry-bulb, 79.2 F; wet-bulb, 64 8 F. (Table 2, Chapter 3.) 

4 • a. What is the maximum heat transmission for a flat roof exposed to the 
sun with the outdoor and indoor temperature 95 F and 80 F, respectivdly? The 
roof is of uninsulated 6-in. concrete, with its underside eoqposed, and with a 
black upper surface. 
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b. If the temperatures specified were the unaTiirtiim for the day and occurred 
at 12 o’clock, at what time would the TnaTrlTniiTw cooling load due to the roof 
exist? 

a fit = 1 X 0 64 (95 + 45 — 80) - 38 4 Btu per hour per square foot 
(Equation 1 and Table 2, Chapter 8, and Table 11, Chapter 5 ) 

5 At 3 p.m. (Table 3, Chapter 8.) 

5 # For south windows equipped with plain canvas awnings, what is the maxi- 
mum amount of heat dehvered to a room when the outdoor temperature is 
90 F and the indoor temperature is 78 F? 

115 X 0 28 = 32 2 Btu per square foot of glass (Fig. 1 and Table 4, Chapter 8, note that 
glass transmission can be neglected) 

6 • What is the heat gain per cubic foot of outside air introduced, under the 
following conditions if the barometric pressure is 29.50 in. Hg: 

Outdoor temperatures, 90 F dry-bulb and 75 F wet-bulb. 

Inside temperatures, 78 F dry-bulb and 65 F wet-bulb. 

The relative humidity of the outdoor air is 50 per cent (Psychrometnc Chart) 

Pressure of saturated vapor at 90 F = et = 1 4211 in Hg. (Table 6, Chapter 1 ) 
Pressure of vapor in the mixture * 1 4211 X 0 5 *= 0 71055 in. Hg. 

Pressure of dry air in the mixture = 29 50 — 0 71055 = 28 7895 in Hg. 

From Equation 4a, Chapter 1, 

“ 0 7^X 550 = 

the mixture. 

^ - lawTw - - 0 miOST - "elsM o( v.p«r i. > cu It of d.. 

mixture at 50 per cent relative humidity. 

Weight of 1 cu ft of the mixture = 0 06945 + 0 001067 = 0 0705 lb. 
fii = 60 Qdo (00 — 0). (From Equation 2, Chapter 8). 

00 = 38 46 and 0 = 29 96 (Table 6, Chapter 1). The total heat of any air- vapor 
mixture may be obtained from the last column in Table 6, Chapt^ 1, by considenng the 
temperatures to be wet-bulb readings, since the total heat of a mixture is constant for a 
given wet-bulb temperature. 

fii = 0 0705 (38.46 - 29 96) * 0 598 Btu per cubic foot. 

7 • If theire are twenty 200-watt lights in use in a room, what is the cooling 
load due to lights? 

200 X 20 = 4000 watts « 4 kw. 

3413 X 4 - 13,652 Btu per hour (Table 5, Chapter 8). 

8 • a. If a restaurant has two 10-gal coffee urns, what is the cooling load due 
to them? 

b. What is the cooling load due to four 1350-watt burners on ah electric 
range? 

a. 16,000 X 2 « 32,000 Btu per hour (Table 5, Chapter 8) 

5. 4 X 1350 - 5400 watts = 5.4 kw. 

5 4 X 3413 = 18,430 Btu per hour (Table 5, Chapter 8). 

9 • Why may the heat gain by transmission through glass on the sunny ex- 
posures be neglected? 

Solar radiation on a glass surface during peak hours will cause the outer surface of the 
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glass to nse up to or slightl}r above the simultaneous outside air temperature, hence no 
heat can flow from outside air to the glass at this time 

10 • What should he the dry- and wet-hulh temperatures in a restaurant when 
the outdoor diy-bulb temperature is 95 F? 

Dry-bulb, 80 F; wet-bulb, 65 F (Table 2, Chapter 3). 

11 • In an oflBice building in which the occupants remain indoors most of the 
day, what is the most desirable indoor dxy-bulb temperature and relative 
hiuuidity in summer? 

76.5 F and 50 per cent relative humidity (Fig. 6, Chapter 3). 

12 • An office with western exposure in a building having concrete floors is 
cooled only during office hours. If the windows are bare and unshaded, what 
is the maximum cooling load in the office due to solar radiation through the 
windows? 

215 X 0 97 X H = 104 Btu per square foot of glass per hour (Fig 1 and Table 4, 
Chapter 8; note that only one-haLF of the heat need be considered t^cause of absorption 
by tiie floor). 

13 # A 7 X 4 ft west window is eqpxlpped with an inside aluminum finished 
Venetian blind which is adjusted to fully cover the window when the sun 
shines. The net glass area if 75 per cent of the total area of the window. What 
is the cooling load due to the window at 10 a.m. and 4 p.m. assuming solar 
radiation as shown in Fig. 1 and dry-bulb teniperatures as follows: 10 a.m., 
outside 35 F and inside 77 F; 4 p.m., outside 95 F and inside 30 F? 

10 a.m.: jfft “ 28 X 1.13 (86 — 77) = 263 Btu per hour (Equation 1, Chapter 8 and 
Tablets, Chapters). 

4 p.m. : 28 X 0.75 « 21 sq ft net glass area. 

21 X 215 X 0.58 = 2619 Btu per hour (Fig. 1 and Table 4, Chapter 8). 

14 • What is the cooling load of an ice cream cabinet in a restaurant due to a 
^ hp refngerating machine having an air-cooled condenser? 

4250 X « 1062.5 Btu per hour (Table 5, Chapter 8). 
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CENTRAL SYSTEMS FOR HEATING AND 
HUMIDIFYING 


Types of Systems^ Blow-Through^ Draw-Through, Heating Units, 
Design, Temperatures, Weight of Air to be Circulated, Tempera- 
ture Loss in Ducts, Heat Sumlied, Heating Units and Washer, 

Grate Area, Boiler Selection, Weight of Con^nsate, Static Pres- 
sure, Fans and Control 

A FAN system of heating depends upon fans and blowers to distribute 
air through ducts from one centrally located plant. This chapter 
considers heating and humidifying systems of this type whereas similar 
systems atranged for cooling and dehumidifying are discussed in Chapter 
10. A special type of central fan system, the mechanical warm air or fan 
furnace system, which is especially adapted to residences, churches, halls, 
and other small buildings, is covered in Chapter 24. 

TYPES OF SYSTEMS 

In the indirect type of central fan heating and air conditioning systems, 
steam is usually the medium by which heat is transferred from the boiler, 
or other source of heat, to the heating units. If the system is intended 
solely for heating, the air is passed over one or more stacks or batteries of 
heating units and then conveyed to the spaces for which it is intended 
through a system of ducts. In some cases, a predetermined amount of 
outside air is introduced for ventilating puposes, whereas in others the 
moisture content is controlled by passing the air through a washer or 
humidifier. If the apparatus is designed to control simultaneously the 
temperature, humidity, air motion, and distribution, it is known as an air 
conditioning system. 

In the spht system, the heating is accomplished by means of radiators or 
convectors, and the ventilating or air conditioning by means of the central 
fan apparatus. In the combtned system, the entire operation of heating, 
ventilating, and air conditioning is handled by the central fan system. 

A common arrangement of the central fan system of heating is illus- 
trated by Fig. 1 and consists of a fan, a heating unit (heater) enclosed by a 
sheet metal casing connected with the suction side of the fan, a sheet 
metal casing connected to the heating unit casing run to the outside of the 
building and provided with an adjustable opening inside the building for 
recirculation of the air when desired, and a duct system attached to Ae 
fan outlet to convey and distribute the air to various parts of the building 
to be warmed by the apparatus. The fan is ordinarily motor-driven ; there 
are, however, many cases when a direct-connected steam engine may be 
used to advantage. In this event the exhaust from the engine can be con- 
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nected to one or more sections of the heater, depending upon the con- 
densation rate of the engine. The recirculation duct connected with the 
opening in the suction duct should be extended to a point as near the 
floor as possible. 

When ventilation is not a requirement or is considered relatively unim- 
portant, as in shop and factory heating, and the number of persons vitiat- 
ing the air is small compared with the cubical contents of the building, or 
the process does not generate obnoxious gas or vapors, the air may be 
recirculated, sufficient outside air for ventilation being supplied by infiltra- 



Fig 1 Arrangement of a Central Fan Heating System 
(Draw-Through) 


Canvas Connection Heater 



Fig. 2. Arrangement for Heating Unit (Blow-Through) 


tion. The amount of heat to be supplied the heating unit in this case is the 
same as would be required for a direct radiation installation. 

When ventilation is a requirement to be met, an arrangement similar to 
that shown by Fig. 1 may be employed. Since the amount of air necessary 
for heating is generally in excess of the amount required for ventilation, 
considerable fuel economy may be effected by recirculating a portion of 
the air. In this case only sufficient outside air is drawn into the system to 
meet the ventilation requirement and the remainder of the air, required 
for heating, is recirculated. This may be readily effected by an arrange- 
ment of ducts and dampers on the suction side of the fan as previously 
mentioned. If the outside air introduced is to be washed or condition^ 
tiie washer or humidifier and tempering coil may be added between the 
inlet for the recirculated air and the fresh air intake. 
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Blow-Througli, Draw-Through 

When the heating unit is located on the suction side of the fan, the 
system is known as draw-through, (See Fig. 1.) When the heating unit 
is located in the discharge from the fan, the system is known as blow- 
through, (See Fig. 2.) The draw-through combination is used for factory 
and toilet room installations because a more compact arrangement of 
the apparatus usually is possible. In addition, air leakage will be inward. 
The blow-through combination is used principally in sdiools and public 
buildings, ^d for all booster coil arrangements where different tempera- 
tures and independent temperature regulation are required for different 
heated spac^. In public building installations, the fan frequently blows 
the heated air into a plenum chamber from which the air ducts radiate to 
the various rooms of the building; this arrangement is sometimes called 
the plenum system. 


HEATING UNITS 

The heating units for central fan systems using steam as the heating 
medium may be classified as (1) tempering coils, (2) preheater coils, (3) 
reheater coils, (4) booster coils, and (5) water heaters, either open or 
closed. Tempering coils are us^ with ventilating and air conditioning 
systems for raising the temperature of the outside cold air to above freez- 
ing, or 32 F. They are not required for heating systems where all of the 
air is recirculated, since the temperature of the recirculated air will be 
above freezing. Preheater coils are used with air conditioning systems to 
raise the temperature of the air from that leaving the tempering coils to 
such a temperature that in passing through the water sprays of the washer 
(wiAout water heater) the air will become partially saturated (adia- 
batically) having a moisture content corresponding to the required dew- 
point temperature. Preheater coils therrfore supply heat as necessary to 
control the dew-point temperature. The reheater coils are used to raise Ae 
temperature of tibe air leaving the tempering coils (in the case of a heating 
or ventilating system) or the air leaving the washer (in the case of an air 
conditioning system) to that necessary to maintain the desired tempera- 
ture in the rooms or spaces to be heated or conditioned, except where 
booster coils are used, in which case the reheater coils raise the air tem- 
perature to approximately room temperature, or slightly higher. Booster 
coils are instdled in the duct branches to control the temperature of the 
air entering the rooms or spaces for which it is intended. Water heaters are 
used on an air conditioning system to control the dew-point temperature. 
They are used mainly for industrial work, seldom for comfort conditioning. 
They are not used where preheater coils are employed. The open type 
supplies steam directly to the spray water, while the closed type utilizes a 
heat interchanger by which the steam imparts its heat to the spray water. 
Where water heaters are required for comfort conditioning, the closed 
type is used. 

The heating units for central fan systems in use at the present time con- 
sist either of pipe coUs, finned tubes of steel, copper, brass or other metal, 
cast-iron sections with extended surfaces, or the cdlular type. Steam is 
passed through these heating units and the air to be heated is passed over 
their exterior surfaces. 
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In selecting a heating unit for any particular service, the choice should 
be based on the desired requirements as follows: 

1. Final temperature desired. 

2. Loss in pressure (or friction) of air passing over the heating unit 

3. Air velocity over the heating unit 

4. Free area or face area of heating unit. 

5. Ratio of heating surface to net free (or face) area. 

6. Air volume required. 

7. Number of rows of pipes, tubes, or sections. 

8. Amount of heating surface 

9. Steam pressure drop through the heatmg unit. 

10 Weight of heating unit 

Fmal Temperature Desired. The choice of a heating unit is largely 
influenced by the final temperature desired, when the entering air tem- 
perature and steam pressure available at the heating unit are specified. 
These data are obtainable from manufacturers* catalogs. 

Loss in Air Pressure (or Friction), The allowable friction through the 
heating unit is one of the first factors to be determined in the selection of 
the apparatus. The velocities of air through various types of heating 
units will not necessarily be the same, but for any particular job the 
velocity through the heating unit should be a secondary consideration and 
the allowable friction or air pressure loss should be fixed approximately 
before proceeding with the selection of the heating unit. The loss in air 
pressure (or friction) through the heating unit should not exceed a pre- 
determined maximum allowable amount for economical operation and for 
moderate size and first cost of installation. 

In public building work, the maximum allowable friction through both 
tempering coil and reheater coils should never exceed 5^ in. of water and 
it is advisable that the friction be kept considerably lower than this figure 
if possible. A tempering coil friction ranging from 0.10 to 0.20 in. of water 
is considered satisfactory. The air pressure loss for reheaters ordinarily 
ranges from 0.20 to 0.40 in. of water. In factory work, the maximum 
friction through the heater should never exceed 0,8 in. or 1 in. of water 
and it is advisable to figure the heaters at lower frictions if possible. 

Velocity through Heatvng Unit, This velocity has generally been given 
in manufacturers* tables as being measured at 70 F and in most cases 
refers to the velocity through the net free area of the heating unit, or 
through the net space betw^ the pipes, tubes or sections. Although 
most manufacturers give suitable velocities measured at 70 F, certain 
manufacturers show velocities measured at 65 F and others indicate 
velocities measured at the average air temperature through the heating 
unit. Many new heating units, however, specify net face areas with cor- 
r^ponding velocities instead of velocities through net free areas. In 
either case, manufacturers publish the corresponding friction or air- 
pressure loss in tables. The velocity through the net free area of the 
heating unit averages about 1000 fpm and that through the net face area 
about 500 fpm. 

The volume of air to be heated in any particular case is determined after 
consideration of the ventilation requirements, heat losses, and quantity of 
air required for proper circulation, as explained in Chapters 3 and 7. 
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The number of rows of pipes, tubes, or sections or the amount of heating 
surface to be used may be selected from manufacturers* catalogs after the 
quantity of air handled and the heat load are known. Savings in oper- 
ating expense or cost of installation should result from a proper selection 
of heater and by-pass areas. For example, instead of having the entire 
air quantity go through a one-row heating unit, it may be advantageous 
to use a two-row heating unit and a properly sized by-pass. Thus, when 
no heating is being done, a suitable by-pass damper may be opened to 
place a lighter load on the fan. 

The steam pressure drop through the heating unit is also tabulated in 
nianufacturers* data tables. The sizing of steam supply and return 
piping, allowing for drops through heating units, is explained in Chapter 
32. 

Weight of Heating IJniL In the design of a heating system, the weight 
limitetions of heating units are determined by the location of the units. 
Obviously, if there is no loading limitation imposed, any type of heating 
unit may be selected. On the other hand if the heating unit is to be hung 
from the ceiling, it may be desirable to use the lightest unit which will 
accomplish the work required. 


DESIGNING THE SYSTEM 

The general procedure for the design of central fan systems is as 
follows* 

1 Calculate the heat loss for each room or space to be heated 

2 Determine volume of outside air to be introduced. 

3. Assume or calculate temperature of air leaving registers or supply outlets. 

4 Calculate weight of air to be arculated 

5. Estimate temperature loss m duct system 

6. Calculate heat to be supplied the heating units and washer. 

7. Select heating units and washer from manufacturers’ data and performance curves. 

8 Calculate total heat to be supplied. 

9. Calculate grate area and select boiler 

10. Design duct system. 

11. Calculate total static pressure of S 3 ^em. 

12. Select fan, motor, and drive. 

The heat losses (H) should be calculated in accordance with the pro- 
cedure outlined in Chapter 7. If a positive pressure is maintained by the 
central fan system in the room or space to be ventilated or conditioned, 
there will ordinarily be very little infiltration of cold outside air through 
the cracks and crevices of the space. Consequently, the volume of air 
introduced into the space at the assumed or calculated outlet temperature 
need only be sufficient to provide for the transmission losses, plus about 
one-third of the infiltration losses. The exfiltration of heated or con- 
ditioned air through the cracks and crevices of the space should be pro- 
vided for by making the usual allowance for the infiltration losses in 
arriving at the total heat loss of the space. The air required to make up 
for this exfiltration of heated or conditioned air will be brought in at the 
outside air intake and may be included as a part of the outside air neces- 
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sary for the ventilating requirements. The heat required to raise this air 
to the conditions maintained in the room must be provided by the tem- 
pering coils, preheater coils, and reheater coils. If a positive pressure is 
not maintained in the room or space to be conditioned, the normal in- 
filtration of outside cold air will take place in this room, and the outlet 
temperature, together with the required air volume at this temperature, 
must be sufficient to provide for both infiltration and transmission losses. 

Volume of Outside Air 

The volume of outside air required for ventilation or air conditioning 
purposes may be determined from data in Chapter 3. In no case shall 
less than 10 cfm per person be introduced. 

The heat required to warm the outside air introduced for ventilation 
purposes (Ho) may be determined by means of the following formula: 

Fo = 024 (/-«o) Mo (1) 

where 


0.24 = specific heat of air at constant pressure. 
t = room temperature, degrees Fahrenheit. 
to = outside temperature, degrees Fahrenheit. 

Mo ~ weight of outside air to be introduced per hour, in pounds 60 doQo 
Qo » volume of outside air to be introduced, cubic feet per minute. 
do “ density of air at ^oi pounds per cubic foot 

Example L A building in which the temperature to be maintained at 70 F requires 
10,000 cfm. If the outside temperature is 20 F, how much heat will be required to warm 
the air introduced for ventilation purposes to the room temperature? 

Solution, 10,000 X 60 = 600,000 cfh; do = 0,08273 (Table 1, Chapter 1); Mo « 
0.08273 X 600,000 - 49,656 lb; / = 70 F, « 20 F. Fo = 0 24 X (70 -- 20) X 49,656 
= 595,872 Btu per hour 

Temperature of Air Leaving Registers 

If the system is to function only as a heating system, that is, entirely as 
a recirculating one, the temperature of the air leaving the register outlets 
must be assumed. For public buildings, these temperatures may range 
from 100 to 120 F, whereas for factories and industrial buildings the out- 
let or register temperature may be as high as 140 F. In no case should the 
outlet temperature exceed these values. 

For ventilating or conditioning systems, the temperature of the air 
leaving the supply outlets may be estimated by means of the following 
formula: 

^ “ 60 i Q X 0.24 ® 

where 

ty^ outlet temperature, degrees Fahrenheit. 

F « heat loss of room or space to conditioned, Btu per hour. 

Q = total volume of air to be introduced at the temperature f, cubic feet per minute 
d density of air, pounds per cubic foot. 

If the outlet temperature (ty) as determined from Equation 2 exceeds 
120 F for public buildings, or 140 F for factories or industrial buildings, 
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these respective outlet temperatures should be used as factors in the 
following equation to determine the volume of air to be introduced into 
the room or space 

^ “ 60 i X 024 (/y - t) 

Example 2 The heat loss of a certain auditorium to be conditioned is 100,000 Btu per 
hour The ventilating requirements are 1,500 cfm and the room temperature 70 F 
Determine the outlet temperature 


Solution Substituting in Formula 2, 

, 100,000 


60 X 0 07492 X 1500 X 0 24 


131 7 F 


Inasmuch as this temperature is excessive, it will be necessary to assume an outlet 
temperature, which will be taken as 120 F, and to calculate the amount of air to be 
introduced into the room at this temperature to provide for the heat loss Substituting 
in Equation 3, 


100,000 

60 X 0 07492 X 0 24 (120 - 70) 


1850 cfm (at temperature t) 


Weight of Air to be Circulated 

The total weight of air (Af) to be introduced into the room or space to 
be heated or conditioned is given by the following formulae: 


0 24(<jr - 1 ) 
M = Jfo + Afr 
JWo — 60 doQo 


= 60dQ 


d = density of air at temperature t, pounds per cubic foot 
do “ density of air at temperature to, pounds per cubic foot. 

• Qq a volume of outside air at temperature to, cubic feet per minute 
Afo = weight of outside air, pounds per hour 
Mr - weight of recirculated air, pounds per hour 

Example S Using the data of Example 2 and an outside temperature of 20 F, i\hat 
will be me values of M, Mo and Afr^ 


SoluHon d = 0 07492, do = 0 08273, Q « 1850, Qo = 1600, AT 

100,000 _ Q oqo IK 

^ ” 0.24 X (120 - 70) 

Jtfo = 0 08273 X 60 X 1600 = 7,448 lb 
Afr = - il^o - 8,333 - 7,448 - 886 lb 


100,000 


Temperature Loss in Ducts 

The allowances (fe) to be made for temperature drop through the duct 
system are as follows: 

1. When the duct s3rstem is located in the enclosure to which the air is being delivered, 
as in a factory, it may be assumed that there is no loss between the reheater coil and the 
point or points of discharge into the enclosure 
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2. For ducts run underground an allowance shall be made based on the estimated heat 
loss of the duct, assuming the average temperature of the ground to be 5t5 F 

3 For galvanized ducts with the usual ranges of air temperature and velocity, the 
coeffiaent of heat transmission may be taken as 1 7 Btu per hour per degree difleience 
between the mean temperature of the air m the duct and that surrounding the duct. 

The heat loss may then be expressed by 

H = 1.7 T DL [(-^-^-) - <0 ] (7) 

and also by 

H = 0.24: M (h - ty) “ 60 ^ D^Vd X 0 24 (4 - <y) (8) 

Equating (7) and (8) 

1.7 * DL ) - fc] = 3.6 X D^Vd (<i - ty) 

"h 2^0 4 235 JD Vd 

\ - h L 


where 

H = heat loss from the duct, Btu per hour 
D = diameter of duct, feet 
L = length of duct, feet. 

— temperature of air entering the duct 
ty = temperature of air leaving the duct. 
to == temperature of air surrounding the duct 
M = weight of air passing a given cross section of the duct per hour. 

V “ velocity of air in the duct, feet per minute, at specified temperature 
d = density of the air at the specified temperature at which V is nictisurcd. 

Usually all the values in Formula 9 may be approximated except ti, the initial or 
entering temperature, which can be readily found where the others are known or assumed. 

Example 4‘ Determine the temijerature drop in a galvanized duct 20 in diameter 
and 60 ft long canying air at a velocity of 1200 fpm measured at 70 F, to be delivered at 
a temperature of 140 F when the air surrounding the duct is at a temperature of 50 F, 

Solutton, Substituting in Formula 9, 

+ 140 - (2 X 50) _ 4 235 X 1 666 X 1200 X 0 07492 
A - 140 60 

k « 158.7 F 

temperature drop = 158.7 — 140 = 18.7 F 

Example 5, An uninsulated 12 in. diameter galvanized duct extends 50 ft through an 
unconditioned room to supply 80 F cool air to an adjacent space. If the average tem- 
perature of the air surrounding the duct in the unconditioned room is 100 F and the 
veloaty of the air through the duct is 1000 fpm, measured at 70 F, determine the tem- 
perature gain which must be allowed in passing the air through the unconditioned room. 

Soluhon Substituting in Formula 9, 

/i + 80 - (2 X 100) _ 4.235 X 1.0 X 1000 X 0 07492 
^ - 80 50 

^ - 120 = 6.34 ft - 80) 

-5 34 4 = 120 - 507 
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k = 72 3 F 

temperature gam = gO — 72.3 = 7 7 F 

Therefore, air having a temperature of 72 3 F must be introduced at the end of the 50 ft 
duct in order to supply 80 F air to the conditioned space 

Heat Supplied Heating Units and Washer 

The following cases may arise in practice: 

A . The heating of the building is done entirely by means of a central fan system, all 
of the air being drawn from the outside. 

B Similar to A, except that all of the air is recirculated. 

C A portion of the air is recirculated, and the remainder is drawn in from the outside 

D Air at the same temperature is to be delivered to all the rooms A constant relative 
humidity is maintained m the building and all of the air circulated is drawn from outside 
the building (Not applicable to the heating of various rooms where individual control 
of each room is desired ) 

jE. Outside air, return air, and by-pass air are used with the reheater located in by- 
pass air chamber. 

F. Arrangement of apparatus where individual control of the temperature for each 
room is required m conjunction with air washer equipment to maintain a constant 
relative humidity in the rooms. The air washer is provided with a water heater for the 
spray water, capable of fully saturating the air. A section of preheater may be used for 
this purpose in place of the water heater With this arrangement and with a uniform 
temperature of air entering the rooms, it is impossible to maintain the same room tem- 
perature throughout the building because the weight of air to be delivered to each room 
is determined and fixed by the ventilating requirements 

In analyzing these cases, the following symbols will be used. 

H « heat loss of the room or building, Btu per hour 
Hi = heat to be supplied to the reheater coil, Btu per hour 
Hi = heat supplied tempering coil, or tempering coil and preheater, Btu per hour. 
Hs « heat supplied air washer by water heater, Btu per hour. 
jBr 4 = heat to be supplied booster coil, Btu per hour 

M = weight of air to be introduced into the room or building, pounds per hour. 
Mr ” weight of recirculated air, pounds per hour 

= weight of air by-passing washer, pounds per hour. 

Mo = weight of air drawn in from outside, pounds per hour. 
to = mean temperature of outside air, degrees Fahrenheit. 

t = mean air temperature to be maintained in the room or building, degrees 
Fahrenheit 

ti « mean temperature of the air entering the reheater coil. 
ti = mean temperature of the air leaving the reheater coil 
tz = temperature loss m the duct system, 
ty = temperature of the air leaving the duct outlets 
tx — average temperature of air entering tempering coil. 

^77 «= temperature of air entering washer. 

0 24 specific heat of air at constant pressure. 
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Fig. 3 Heating Unit and Fan Arranged for Outside Air Circulation {Case A) 

Case A (Fig 3) All of the air circulated to be drawn from outside the building, in 
which case /x = ^ 

Hi = 0 24 (/i — to) (10) 

H\ = 0.24 (ti — /i) Mo (11) 

Example 6. The heat loss H for a certain factory building is 700,000 Btu per hour. 
The mean inside temperature t to be maintained is 65 F. The assumed outside air tem- 
perature ^0 is 0 F, - 0, /y « and is assumed to be 140 F. The temperature 
leaving the tempering coil is assumed to be 36 F. Required, Hi and Hi From Equation 4, 

ff, = 0 24 X (35 - 0) X 38,889 = 326,667 Btu per hour 

Hi = 0.24 X (140 - 35) X 38.889 » 980,003 Btu per hour 

H, + Fi = 326.667 + 980,003 = 1,306,670 Btu per hour 



Fig. 4 Arrangement for Recirculation {Case B) 

Case B (Fig. 4) All of the air is to be recirculated, in which case t\ => t 

Mt » 38,889 lb 

BTi = 0 24 (A - t.) Afr 

Si - 0.24 (140 - 65) X 38,889 = 700,000 Btu per hour. 

This example illustrates the saving in fuel consumption by the recir- 
culation of the air. The heat to be supplied the apparatus is the same as 
that required for a direct system of heating and is equal to the heat loss 
of the building {Hi => in the example 700,000 Btu per hour as 
compared with 1,306,670 for Case A. 
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Fig 5, Combination of Recirculated Air and Outside Air (CaseC) 


Case C (Fig 5) A portion of the air circulated is recirculated air and the remainder, 
as may be required for ventilating purposes, is drawn in from the outside According to 
Equations 4 and 5, 

The temperature of the resulting miicture of outside and recirculated air entering the 
tempering coil is 

Moto + Mrt 


Example 7, Assuming that a positive supply of outside air (d© = 0.08633) is required 
for ventilation at the rate of 90,000 cu ft per hour in the preceding example, then Jlf© 
= 0 08633 X 90,000 = 7776 lb per hour are required, measured at 65 F 

Jkfr = ifcf - Afo * 38,889 - 7776 * 31,113 lb 

7776 X 0 + 31,113 X 65 _ ^ 

^ 38:889 

Hi = 38,889 X 0l 24 (140 - 52) = 821,336 Btu. 


This amount of work may be accomplish^ with one or more banks of beating units, 
that is, either a single reheater or a tempering coil and reheater. 


The three preceding cases refer to installations in which conditioning 
the air to maintain certain relative humidity requirements does not mter 
into the problem, as for example, certain types of industrial installations. 
In practically all modern public buildings, theaters, schools, and in in^y 
industrial installations, the ventilating requirements include the provision 
for washing and humidif3dng the air delivered to the various rooms of the 
structure. 

In the following cases it is- assumed that in addition to maintaining a 
mean room temperature t, the heating and ventilating apparatus is 
required to mainta in a constant relative humidity in the rooms. 
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Fig. 6. Outside Air Circulated; Constant Relative Humidity in Room (Case D) 


Case D (Fig 6) The maximum relative humidity that may be maintained within the 
building without the precipitation of moisture on single glazed sash when the outside 
temperature is 30 F is approximately 35 per cent If the inside temperature t is 70 F, 35 
per cent relative humidity corresponds to a dew-point temperature of 41 F. (See 
psychrometnc chart ) 

The installation shown in Fig 6 contemplates the use of a tempering coil, an air 
washer provided with a water heater, and a reheater The tempering coil, one section m 
depth, warms the incoming air to approximately 35 F to prevent freezing any ol the spray 
water. The air passing through the spray chamber is saturated and leaves at a tempera- 
ture of «= 41 F. 

The heat to be supplied the reheater is 

Hi = 0 24 (ia — 41) M Btu per hour. 

The heat to bo supplied the tempering coil is 

Ha = 0 24 (35 ^ to) M Btu per hour. 

The amount of heat, per pound of air circulated, to be supplied the humidifying washer 
or humidifier is the difference between the heat content of the assumed dry air entering 
the washer at a temperature of = 35 F and that of the leaving saturated air at h - 
41 F (Table 6, Chapter 1), or. 

15 657 — 8 397 = 7 26 Btu per pound of dry air. 

The amount of heat required for the washer is. 

Hi — 7 26 il<f Btu per hour. 

The total amount of heat required by the apparatus is, therefore: 

Hi -f Hj -f Hz Btu per hour. 

If a washer having a hurntdifying efficiency of 67 per cent without waUr heater is em- 
ployed it will be necessary to heat the outside air drawn into the apparatus by means of 
the tempering and preheater coils to such a temperature that the air in passing through 
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t e water sprays will become partially saturated (adiabatically) having a moisture con- 
tent pound of air equal to saturated air at 41 F If the incoming air is warmed to 
^ ^ ° ^ v.requirmg a two-section-depth heating unit) it will be cooled in the washer to 
o4 F , with a temperature drop of 88 - 64 = 24 deg. 

If the humidifying efficiency of the washer were 100 per cent, the air would become 
adiabatically saturated at 52 F after a temperature drop of 88 - 52 = 36 F The 
emaency^ the washer is, however, only 67 per cent, so that the actual temperature drop 
will be 0.67 X 36 deg or 24 deg, as used 

The h^t to be supplied the reheater is m this case iTi = 0 24 (fe - 64) M Btu per 
supplied to the tempering coil and preheater is =0 24 
voo to) M The total heat required by the apparatus is Hi + JJa, no heat being 
supplied to the washer ^ s 



Fig 7. Outside Air Circulated, Constant Temperature and Relative 
Humidity Maintained in Each Room (Case E) 


Case E, (Fig, 7) The temperature ty will ordinarily be different for each room. 
With H and Ji’ ftxed, 0 24 (ty - t)M = H, or 

In order to provide the proper temperature for each room, a booster coil 
is generally installed in each supply duct near the outlet to control the out- 
let temperature ty. The amount of steam supplied to these booster units 
is usually controlled automatically by individual thermostats. The heat 
required by the booster coils depends on the temperature range through 
which the air is heated and the quantity of air, or 

^4 = 0 24 (ty - - tz)M (13) 


Heat to be Supplied 

The amount of ’heat to be supplied (iT) is equal to the sum of the heat 
requirements of the various heating units and the water heater of the 
washer, if any, plus the allowance for piping tax. (See preceding Cases 
A to E.) 
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Grate Area, Boiler Selection 

The required grate area may be determined by the following formula. 

^ F X EX C 

where 


G = required grate area, square feet 
F = calorific value of fuel, Btu per pound. 

C — combustion rate, pounds per square foot of grate per hour 
E = boiler and grate efficiency, per cent. 

Example 8. Using the data in Example 6, and assuming coal having a calorific value 
of 12,000 Btu per pound, a combustion rate of 7 lb per square foot, and a performance 
efficiency of 0.60, and neglecting the piping tax, 


^ _ 1,306,670 

12,000 X 0.60 X 7 


26 sq ft 


Weight of Condensate 

The normal weight of condensate to be handled from central fan sys- 
tems may be estimated by means of the following formula: 


where 


W 


60 dQ X 0.24 X M 
hiz 


(16) 


W = weight of condensate, pounds per hour. 

Q «= total volume of air, cubic feet per minute 
A/ « temperature rise of air, degrees Fahrenheit. 

Afg « latent heat of steam m the 83 ^em, Btu per pound. 


Ducts and Outlets, Air Filters, Air Washers 

The design of the duct system should be based on data contained in 
Chapter 20. Air washers and humidifiers are described in Chapter 12. 
For information on air filters, see Chapter 16. 

Static Pressure 

The total static pressure against which the system must operate may 
be found by summing up the static losses through the complete system 
from the outside air intake to the discharge outlets or nozzles. This 
means that the loss due to friction must be determined for each piece of 
apparatus involved. Most of these values may be obtained from manu- 
facturers* data tables. For a simple system, the following static pressure 
drops may be assumed: 

1 Outside air inlet, comprised of screen, louver and short duct, may have a loss of 
0.2 in. of water. 

2. A typical oil filter at rated capacity and velocity has a drop of 0.25 in. of water 
3 The loss of one row of a standard make tempering stack equals 0.09 in. water. 

4. The loss of one row of a standard make preheater equals 0 10 in, water. 

6. A standard humidifier at rated velocity may have a loss of about 0.35 in. water. 

6. The loss through one row of a standard make reheater equals 0.12 in. water. 

7. A fair assumption for duct losses on a simple system is 0 25 in, water 

8. The static pressure for a nozzle type outlet may be taken as 0 1 in water. 
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The sum of these values equals 0.2 + 0.25 + 0.09 + 0.10 + 0.35 
+ 0.12 + 0.25 + 0.1 = 1.46 in. which is the static pressure against which 
the system must operate. 

Fans and Control 

The selection of fans may be based on data contained in Chapter 17 
and for motore in Chapter 42. Because centrifugal fans reach their 
maximum efficiency when working against the resistance offered by the 
average central fan heating system, they are well adapted to such systems 
and are generally used. Information on temperature control for central 
fan systems is given in Chapter 14. 


PROBLEMS IN PRACTICE 

1 # Consider a blast heating system handling 10,000 cfm. The resistance to 
air flow ofiered by one coil arrangement is 0.9 in. of water and by another coil 
arrangement is 0.2 in. of water. The fan operates 4000 hours per year and the 
combined efhciency of motor and fan is 60 per cent. Determine the anyinal 
energy saving if the second coil is used. 

Difference in system resistance = 09 — 02 =07 m of water 
Reduction in power input = = 1 83 hp 

Annual energy saving = 1.83 X 0.764 X 4000 = 5480 kwhr. 

2 • What saving results from recirculating some of the room air and reducing 
the amount of outside air? 

Because outside air must be heated to room temperature, reducing the amount of outside 
air produces a proportionate saving in heat or fuel. 

3 • What items make up the total heating load in a central fan heating system? 

1. The net heat loss from the conditioned space. 

2. The heat required for evaporation of water for humidification. 

3. The heat required to raise the temperature of outside air to room temperature. 

4 Heat losses from pipes and ducts. 

4 # Why is It necessary to determine the total static pressure of a central fan 
heating system? 

To select a fan of maximum efficiency and to determine the power required to operate 
the fan. 

5 • A group of three drafting rooms, having a total volume of 27,000 cu ft, a 
transmission loss of 110,100 Btu per hour, and an infiltration loss of 34,200 Btu per 
hour on the basis of 0 F outdoors and 70 F room temperature, is to be heated by 
a recirculating hot blast heating system with air entering the rooms at 116 F. 
How many cubic feet per minute, measured at 70 F, will be reqpiired? 

Substitute in Equation 3. JT = 110,100 4- 34,200 = 144,300 Btu per hour, ty = 116 F ; 
« = 70 F, Q = eo X 0 07492 X 0.24 (116 - 70) “ 

6 • In the preceding question, if the hot air loses 4 F between heater and 
rooms, how miany pounds of steam per hour at 1-lb gage will the heating 
sections condense? 
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Substitute in Equation 15 Q = 2900 cfm, from solution of Question 6, Ai = 116 + 4 
— 70 =a 50 F, Sfg - 968 Btu, from steam table m Chapter 1. 


mdQ X 024 X Ai 60 X 007492 X 2900 X 024 X 50 ^ 

= ^ = 161 S lb per hour. 


7 # The same rooms are converted to chemical laboratories, requiring the intro- 
duction of 12 changes of outside air, measured at 70 F, hour to permit the 
exhaust fans connected to the chemical hoods to maintain only a slight nega- 
tive pressure in the rooms. At what temperature must the air enter the rooms 
to maintain 70 F with 0 F outside? 


Substitute in Equation 2. H = 110,100 + 34,200 » 

27,000 = 5400 cfm, i = 70 F, /y = + * 

70 = 94.7 F. 


144,300 Btu per hour, Q ^ 

144,300 “ , 

60 X 0 07492 X 5400 X 0 24 


8 • In the preceding question, if the air drops 2 F between the healer and the 
rooms, how many pounds of steam per hour at 1-lh gage will the healing 
system condense? 


Substitute in Equation 15. Q =*= 6400 cfm, A/ = 94 7 + 2 <= 96.7 F, from solution of 
Question 7; /ifg >= 968 Btu, from steam table in Chapter 1. 


60di2 X0 24 XA^ 60 X 0.07492 X 5400 X 0.24 X 96 7 
w X- - ^ 583 lb per hour. 


9 # The combination hot blast heating and ventilating system for the dining 
rooms of a hotel is to heat the rooms to 70 F with 0 F outside, and permit 
the exhaust fan from the adjoining kitchen to draw 5000 cfm from the dining 
rooms. The transmission losses from the dining rooms total 240,000 Btu per 
hoiur. The infiltration into the dining rooms amounts to 1000 cfm from out- 
doors and 1000 cfm from heater rooms. How many cubic feet per minute, 
measured at 70 F, must be supplied the dining rooms if the air enters at 112 F? 

First find the infiltration loss by substituting m Equation 1 

t^70F,to -=0;Mo =dXQ = 0 07492 X 60 X 1000 - 4497 lb per hour. Inthiscase 
d and Q are figured at 70 F. Ho « 0.24 {t - to) Mo ^ 0 21 (70 - 0) X 4497 76.560 

Btu per hour 

Next by substituting in Equation 3, find the cubic feet per hour to be circulated IJ » 
sum of transmission and infiltration losses m room * 240,000 -1- 75,550 » 315,550 Btu 
per hour; ty = 112 F, i — 70 F, 

^ „ H 315,500 __ __ . 

^ 60 d X 0.24 (V - 0 60 X 0.07492 X 0.24 (il2 ~ 70) "" ^ 


10 • In Question 9, 3000 cfm of outside lur will he drawn in by the supply fan 
and 3950 cfm will be recirculated. What will be the output of the heating 
sections in Btu per hour if there is a loss of 2 F between the heaters and the 
room? 


The average temperature of the mixture of outdoor and recirculated air entering the 
heater - — ^ ^ = 39.8 F. Air leaves the heater at 112 + 2 =■ 114 F. 

Referring to Equation 16, PF X Afg = amount of heat required per hour = 60 dO X 0.24 
X A« = H Q = 6950 cfm; = 114 - 39 8 - 74 2 F H - 60 X 0 07492 X 6950 X 
0 24 X 74.2 - 557,000 Btu per hour. 
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Chapter 10 


CENTRAL SYSTEMS FOR COOLING AND 
DEHUMmiFYING 


Types ^ of Systems^ Dehumidifiers, Designing the System, Zoning, 
Location of Apparatus, Temperature of the Air Leaving Room 
Inlets, Air Quantity Required, Heat to he Removed by Cooling 
and Dehumidifying Apparatus, Sisse of Reheaters, Surface Cooling 
Problem, Auxiliary Equipment 


C ENTRAL systems, equipped for cooling and dehumidifying, are used 
principally in the air conditioning of theaters, restaurants, office 
buildings, or other places where people gather, and in manufacturing 
establishments where air conditions have an important influence on the 
quality of product or rate of production. A central cooling and dehu- 
midifying plant is one in which the fans, dehumidifiers, and other related 
apparatus are assembled in suitable apparatus rooms from which supply 
and return ducts lead to the conditioned spaces. The design of such 
systems is considered in this chapter, while in Chapter 9 central systems 
for heating and humidifying are described. Air conditioning for industrial 
processes is considered in Chapter 40. 

TYPES OF SYSTEMS 

Dehumidification or cooling of air may be accomplished by several 
methods and by use of many heat transfer mediums. Most comfort- 
conditioning, central station, air-conditioning systems employ cold water 
or the direct expansion of a refrigerant in either spray type or surface 
type equipment to accomplish the required cooling and dehumidification. 
Among the several other methods that may be employed are: passing the 
air through or over a dehydrating agent and then lowering the dty-bulb 
temperature to the proper level, and evaporative cooling. With the 
former method the excess sensible heat may be removed with cold water 
and where this is not available, mechanical refrigeration must be used 
after the air has been dehydrated. The latter method is applicable to 
comfort conditioning only in regions where the summer wet-bulb tem- 
perature is low. 

If the system is intended solely for summer conditioning, the apparatus 
will consist essentially of a dehumidifier of the surface t 3 qDe or spray type; 
filters; fan and motor, reheater; outside air, return air, and supply air duct 
work; air inlets and outlets ; spray pump for spray dehumidifier; refrigera- 
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tion equipment, and suitable controls. Generally, however, a central 
station air conditioning system is designed for year-round service. This 
means that properly sized heaters and humidifiers, with their respective 
controls, must be added. With few exceptions, systems designed to meet 
summer capacity requirements will have ample capacity for winter and 
intermediate season conditioning. 




Fig 2 Spray Type Air Conditioning Apparatus with By-Pass 


A common arrangement of a central station spray type system for 
cooling and dehumidifying is illustrated in Fig. 1. The plant may be 
deigned to condition 100 per cent outside air, 100 per cent return air, or a 
mixture of outside and return air. Further, part of the air returned from 
the conditioned^ space may be by-passed^ around the conditioner as 
illustrated in Fig. 2. The reheater may be installed in tJie fan inlet 
chamber as shown, in the by-pass air duct, or in the fan ^scharge duct, 


^Patents enst oovenng the use of the by-pass for coolins and dehumidifying systems 


186 





Chapter 10 — Central Systems for Cooling and Dehumidifying 


depending upon apparatus space and other design conditions. Still 
another arrangement of equipment will result if the dehumidified air fan 
delivers the conditioned air to several other fans rather than to the con- 
ditioned space directly. These booster fan equipments may use part by- 
pass air as illustrated in Fig. 3 or 100 per cent dehumidified air and 
reheaters. The main apparatus, in either case, may or may not have a 
by-pass connection, depending on load conditions and other design factors. 

The systems illustrated in Figs. 1 and 2 may be converted into the 
surface cooling type by merely replacing the dehumidifiers with surface 
cooling ^ils which use cold water or direct expansion of refrigerant to 
accomplish the required cooling and dehumidifying. The coils may also 
be installed within the spray chamber, either in series with the sprays 
or below them. 


DEEIUMIDIFIERS 

Information on spray type dehumidifiers is given in Chapter 12. 
Surface cooling type dehumidifiers generally consist of extended-surface 


Motor 



Fig. 3. Central Dehumidifying Plant and Local Recirculating Fans 


coils within which the water or refrigerant is circulated or the refrigerant 
is expanded. The air to be cooled and dehumidified is drawn or blown 
over the coils. This system is generally comparatively low in initial cost 
and has low operating costs. Some localities have refrigeration codes 
which restrict the use, in comfort conditioning applications, of refrigerants 
acting by direct expansion in coils exposed to the air stream. Therefore, 
local codes should be consulted by the designer before he plans a system 
employing direct-expansion methods. Close humidity control cannot be 
maintained during the cooling season by the surface cooling typt of 
equipment. Winter humidification may be accomplished by use of 
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evaporating pans or spray nozzles. The cooling coils serve no purpose 
during the intermediate or heating seasons, so in this respect the spray 
type equipment is often preferred, in that during certain seasons evapora- 
tive cooling will be sufficient to produce the cooling desired. Effective 
cooling and dehumidification accomplished by surface units are dependent 
upon many variable factors. The air velocity through the unit, air 
temperature, moisture content of the air, water or refrigerant tempera- 
ture, and velocity of the water or refrigerant through the tubes must be 
considered in selecting the proper unit for a given design load. If any of 
these factors vary without a corresponding variation of the other factors, 
the effective work of the coil will increase or decrease, as the case may be. 

DESIGNING THE SYSTEM 

The general procedure for the design of a central cooling and dc- 
humidifying system is as follows. 

1 Calculate the heat gam for each room or space to be conditioned (Sco Chapi ers 
6 and 8 ) 

2 Establish the temperature of air leaving the supply inlets 

3 Calculate the quantity of air to be circulated 

4. Estimate the tempeiature rise in tlie duct system 

5 Determine the volume of outside air to be introduced. (See Chapter 3 ) 

0 Calculate the heat to be removed by the cooling and dehumidilying apparatus, 

7 Calculate the size of the reheating equipment 

8 Select cooling equipment and heating equipment from manulacturers’ data and 
performance curves 

9 Design the air distribution system and the air outlets and inlets (See Chapteis 
19 and 20 ) 

10 Calculate the total static pressure of the system. 

11 Select the fan, motor, and drive (See Chapters 17 and 42 ) 

12 Select the pump and motor 

13. Design the control system (See Chapter 14.) 

ZONING 

The above general outline of procedure will prove satisfactory for the 
smaller and less complex installations. However, when dealing with air- 
conditioning systems for large buildings, after a proper analysis has been 
made of the conditions to be maintained and the heat loads encountered, 
it is generally considered best practice to divide the complete job into a 
number of suitably sized units. In some cases a unit per floor or group of 
floors may complete the design satisfactorily, whereas in others it may be 
advantageous to have separate units for each of the various outside 
exposures of the building. Where the floor area is large in relation to the 
outside wall exposure, it is obvious that provision must be made for the 
variable load to which the outside exposures are subjected. The heat 
loads on inside rooms are apt to be less variable since the fluctuations of 
the outside weather conditions are not directly involved. Such conditions 
often result in the natural zoning or segregation of rooms having similar 
exposures and internal heat loads. Variation in the hours of occupancy in 
different portions of a building also frequently require careful zoning for 
successful operation. 
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LOCATION OF APPARATUS 

Availability of space for apparatus and duct work is of primary im- 
portance when selecting the type of system for a given design. In general, 
for large installations, the refrigeration equipment, because of its size, 
weight, and operating characteristics, is located in the basement along 
with the boilers, fire pumps, and other equipment. The air conditioning 
apparatus is generally located where clean outdoor air is readily available, 
the designer bearing in mind that supply and return air ducts, steam con- 
nections, water and drain connections, and electrical connections must be 
made to the equipment proper. 

TEMPERATURE OF AIR LEAVING ROOM INLETS 

In comfort conditioning applications, air has been distributed from 
properly designed inlets without producing drafts at temperatures varying 
from approximately 5 to 30 deg below the required room temperature. 
Factors influencing the design and selection of air inlets are: ceiling 
height, contour of ceiling, length of blow, and temperature and quantity 
of air to be distnbuted. Most summer conditioning installations are 
designed to supply the air to the conditioned space at from 8 to 18 deg 
below room temperature. Recently the use of specially designed nozzles 
has indicated the possibility of reducing the air quantity necessary to 
dissipate a given heat load by introducing the air into the room as much 
as 30 deg below room temperature. Directional flow inlets which spread 
the air fanwise permit lower inlet temperatures than single direction 
inlets. Comfort conditioning systems employing differentials greater 
than 18 deg require special consideration and design experience because 
high pressure inlets or nozzles are usually used. Further, care must be 
taken to allow a sufflcient air quantity under all load conditions to insure 
good distribution. If winter heating, as well as summer conditioning, is 
to be accomplished by the same distributing system, the design of the 
inlets will be influenced as discussed in Chapter 9. Industrial systems in 
which drafts are not objectionable usually employ a temperature dif- 
ferential equal to the dew-point depression 


AIR QUANTITY REQUIRED 

For calculating the quantity of air required to absorb a given heat gain, 
the following approximate formulae may be used 




Hs 

60 X 0.24 X(t - ty) 


^dQ 


( 1 ) 


or, assuming a constant value of 0 075 lb for d, 


^ ^ Hs X r>5 2 
60 X (/ — iy) 


(2) 


where 

Q = volume of air required, cubic feet per minute 
Hs = total sensible heat gam, Btu per hour. 
t = room temperature, degrees Fahrenheit. 
ty = inlet temperature, degrees Fahrenheit 
M = weight of air required, pounds per minute. 
d = density of air at the temperature and relative humidity of the room, pounds per 
cubic foot 
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Example 1 The total sensible heat gam m a restaurant when held at 80 F is 199,736 
Btu per hour. Assuming a 12 deg F temperature differential between the entenng air and 
the room temperatures, which is the same as assuming the dry-bulb temperature of the 
entenng air to be 68 F, calculate the required air capacity of the system 

Solution 

Q =. _ 16,313 cfm = 1140 Ib per minute. 

If a system similar to the one shown in Fig. 1 is used, 1146 lb per minute will be the 
capacity of the dehumidifier as well as of the fan equipment. 

Example 2, If in addition to the 199,736 Btu per hour sensible heat load, the con- 
ditioned space has a moisture gam of 384,000 grams per hour, calculate the apparatus 
dew point required to give maintained conditions of 80 F dry-bulb and 66 F wet-bulb, 
with a corresponding 66}^ F dew point. 

Solution With 384,000 grains of moisture per hour to be picked up, the entering dew- 
point temperature should be low enough so that the addition of this moisture will not 
increase the dew point above 56 F 

Grains per pound of air saturated at 56^ F 
(Table 6, Chapter 1) 68.0 

Less: Grains per pound to be picked up, ”ii4S^^^60’ ^ ^ 

Grains per pound allowable in entering air 62 4 

This corresponds to an apparatus dew-point temperature of 64 17 F. 


Return air 80 F (db) 65 F (wb) 




301 Ib per mm 

fO 

^ 977 Ib per min 

68F(db)rn 

1 

Fresh air 
95F(<lb) 



1 

\ 

«F(db) condIboned 


Dehumidifier 

& 

75F(wb) 

169 Ib per min 


51 2 F (dp) 

5417F(dp)a 

1146 tb per min 

54 17 F (dp) enclosure 


Fig. 4. Diagram of By-Pass Method 


Example S. Illustration of the by-pass system (See Fig. 4.) 

Assume the same data as for Examijle 2. Instead of passing all of the air through the 
dehumidifier for cooling and dehumidifying, a portion may be passed through and the 
bsdance be inbced with the conditioned air at the leaving end of the dehumidifier, the 
mixture being proportioned so that the resultant conditions will be those required to 
give proper conditions in the area considered. 

Solution, The quantity of au- to be dehumidified, the quantity to be by-massed, and 
the apparatus dew-pomt temperature may be approximately calculated as follows 

Let 

X = percentage of air to be by-passed. 

Y = percentage of air to be passed through the dehumidifier. 

/d = apparatus dew-point temperature, d^ees Fahrenheit. 

The quantity X of 80 F air must mix with the quantity Y of dehumidified air to 
produce air with a resultant 68 F dry-bulb temperature. Also, X quantity of air at 
66)^ F dew point must be mixed with Y quantity of dehumidified air to give a resultant 
dew-point temperature of the mixture of 54.17 F. It is assumed that the air passing 
through the dehumidifier is saturated 
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Solving simultaneous equations, 

SOOJf + = 6800 (3) 

56 5Z + Ffd = 54 17 
23 5Z+0 = 13 83 

^ 13 83 X 100 ,, 

X = 235 = 59 per cent, au: by-passed 

F = 100 — X =41 per cent, air passed through washer 

The second step is to determine the apparatus dew-point temperature Substitute -Y 
in either Equation 3 or Equation 4, and solve for fd 


80 X 0 59 +/d X 041 
, 68 - 47 

*^ = -04r 


51 2 F, the apparatus dew point 


HEAT TO BE REMOVED BY COOLING AND 
DEHDMIDIFYTNG APPARATUS 

Example 4- Assume the same data as for Example 3. If the amount of outside air, at 
95 F dry-bulb and 75 F wet-bulb, required for ventdation has been found to be 169 lb 
per minute, determine the refngeration capaaty required. 

Solution As the total weight of the air introduced per minute is 1146 lb, and 41 per 
cent of it goes through the dehumidiher, the total work to be done may be computed 
as follows 


Air passing through dehumidifier, 1146 X 0.41 470 lb 

Less. Outside air for ventilation 169 lb 

Return air 301 lb 

The refrigeration required for the return air is. 

Total heat per pound at 65 F 29 96 Btu 

Less: Total heat per pound at 51 2 F 20 92 Btu 

Requirement for coohng 1 lb of return air. 9.04 Btu 


301 lb X 9 04 Btu = 2721 Btu per minute required to cool the 
return air. 

The refrigeration required for the outside air is 

Total heat per pound of outside air 38.46 Btu 

Less, Total heat per pound at 51.2 F 20 92 Btu 

Requirement to cool 1 lb of outside air 17.54 Btu 

169 lb X 17.54 Btu = 2964 Btu per minute required to cool the 
outside air. 

Thus, the total refrigeration required is: 

2721 Btu + 2964 Btu = 5685 Btu per minute, which is equivalent 
to a load of 28.4 tons of refrigeration. 


SIZE OF REHEATERS 

A properly designed air-conditioning system will have reheaters of 
sufficient capacity to heat the conditioned air from the apparatus dew- 
point temperature to the inlet delivery temperature. If winter heating is 
to be accomplished, consult Chapter 9. 

The following general formula may be used to determine the amount of 
heat necessary to reheat a given quantity of air: 

191 



American Society of Heating and Ventilating Engineers Guide, 1937 


Hi - 0.24 (5) 

where 

Hi — heat to be supplied to reheater coil, Btu per hour. 

Example 6, Assume the same data as for Example 1, and find the amount of reheating 
required. 

Solution. 

Hi = 0.24 (68 - 54,17) 1146 X 60 « 228,200 Btu per hour. 


SURFACE COOLING PROBLEM 

The amount of coil surface required for a given amount of work is 
dependent upon factors previously listed. Obviously, the various types of 
surfaces made available by different manufacturers will have different 
transmission values. It is recommended that the designer consult the 
latest manufacturers* catalogs because more accurate ratings arc being 
issued from time to time. 


Air out 

60 F dry-bulb 



. Water in 

c 

50 F 


) 

c 

Water out 


50F+30F-80F 


Air in 

95 F dry- bulb 
78 F wel bulb 


Fig 5, Counter-Flow Surface Cooling Diagram 


Example 6 It is desired to cool and dehumidify 30,000 cfm of air at 95 F dry-bulb, 
78 F wet-bulb, and 72 F dew point, to a 60 F dew point. Cooling water is available at 
50 F in a quantity which will allow a 30 F rise in temperature to be used. The counter- 
flow surface cooling used is sketched in Fig. 5 

Solution. The pounds of partially saturated air cooled and dehumidified per hour 
equal 60 times the cubic feet of air at 95 F dry-bulb and 78 F wet-bulb brought past the 
coil surface per minute, multiplied by the pounds per cubic foot of the air as determined 
from Table 4, Chapter 1. 

30,000 X 60 X 0.0708 « 127,440 lb per hour. 

The total heat Ht to be removed per hour by the surface coil is found to be equal to 
the pounds of partially saturated air passed over the coil per hour times the difference 
between the total heat of air at 78 F wet-bulb and at 60 F wet-bulb. 

Ht =“ 127,440 (41.42 - 26.37) « 1,918,000 Btu per hour 

The latent heat L to be removed per hour will be found by multiplying the pounds of 
partially saturated air passed over the coils per hour by the difference m the latent heat 
of the air per pound at the initial and final dew points 

L = 127,440 (1091.6 - 1086,2) « 688,000 Btu per hour. 

The sensible heat Hb to be removed per hour is equal to the total heat of the air less 
its latent heat. 

Hs * Ht - L = 1,918,000 - 688,000 « 1,230,000 Btu per hour. 
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Manufacturers* standard ratings for surface coolers are usually based 
on the cubic feet of air passed through their equipment per minute, 
reduced to the conditions of saturated air measured at a temperature of 
70 F. In the present example, to convert the 127,440 lb of air cooled per 
hour to a basis which will permit the use of such standard ratings, it is 
necessary to multiply the pounds of air cooled per hour by the specific 
volume of the air, and to divide by 60. 

127,440 X 13 68 .nn r r j • 

— - — STT == 29,100 cfm of 70 F saturated air. 

du 

The amount of cooling water necessary when a 30 F rise in its tempera- 
ture is to be used is: 

1,918,000 

30 X 8 34 X 60 ^^Sgpm. 


With counter flow of air and water, it is necessary to determine the 
mean temperature difference between the air and the water in order to 
properly use the transmission coefficients given in apparatus rating tables. 


Mean temperature difference 


A - A 



( 6 ) 


where 


D\ =* the difference between the temperatures of inlet air and outlet water, degrees 
Fahrenheit 

D% = the difference between the temperatures of outlet air and inlet water, d^^rees 
Fahrenheit. 


(95 - 80) - (60 - 50) 


loge 


(95 - 80) 
(60 - 50) 


12.33 F. 


If from apparatus rating tables based on air velocities over the coils smd 
water velocities through the coils, it has been found that the transmission 
coefficient is equal to 8.0 Btu per square foot per d^ree differOTce in 
mean temperature between the air and the water, the area of cooling coil 
surface necessary will be equal to the sensible heat divided by the trans- 
mission coefficient and also by the mean temperature difference. 


1,230,000 
8.0 X 12 33 


12,450 sq ft of cooling cod surface necessary. 


The latent heat is taken out at the same time the sensible heat is 
extracted, but no extra surface is required unless the latent heat exceeds 
approximately 40 per cent of the total heat. This is because the wetted 
surface has a much higher coeffiaent of transmission. Approximately 
10 per cent more surface should be added if the latent heat exceeds 40 per 
cent of the total heat. 


AUXILIARY EQUIPMENT 

Consult Chapters 9, 14, 17, 19, 20, and 42 for information on the air 
distribution system; air outlets and inlets; static pressure on fan; fans; 
motor and drive; and the control system. 
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PROBLEMS IN PRACTICE 

1 • What is meant by the term evaporative cooling? 

Evaporative cooling, or adiabatic saturation of the air, is only effective when the air to 
be cooled is very dry It is accomplished by passing the air in an unsaturated condition 
through a water spray which evaporates a part of the water at the expense of the sensible 
heat. In this adiabatic transfer the total heat content of the air remains constant while 
the dew point rises and the dry-bulb falls until the air is saturated 

2 • In central systems for cooling and dchumidifying what faclorh fix I he 
quantity of air required? 

The weight or volume of air required depends wholly on the sensible heat gam in the 
room conditioned and on the difference between the dry-bulb temperature of the air at 
the room inlets and the dry-bulb temperature maintained m the room 

3 • In central systems for cooling and dehumidifying can the dry-bulb tem- 
perature change be fixed arbitrarily? 

No, because the change depends on factors at both the conditioner and the room At 
the conditioner, temperature of the available water supply may limit the diy-bulb 
temperature of the leaving air. At the room, the dry-bulb temperature of the entering 
air may be further limited by 1 The duct and supply grille arrangement permitted 
by architectural and structural requirements for the particular space, e.^., ceiling 
height and obstructions on ceilings, such as beams 2 The state of activity of the 
occupants 3 The velocity at the inlet grille, as limited by noise level requirements 

4 The direction of the jet relative to the occupants. 

4 • What factors determine the dew point of the air entering the space? 

The maximum dew point desired in the conditioned space, and the moisture gam in the 
space per unit weight of air supplied. 

5 • Why must the air leaving a dehumidifying type air washer often have 
its dry-bulb temperature rals^ before delivery to the occupied zone of room? 

The air leaves the dehumidifying air washer saturated at a relatively low temperature 
which in most cases is lower than the allowable delivery dry-bulb temperature as fixed by 
factors outlined under Question 3 Also, the air may possibly be carrying a smal 1 amount 
of entrained water which might settle out in the ducts near the washer and cause cor- 
rosion difficulties 

6 • W^t methods may be used to raise the dry-bulb temperature of I he air 
after it leaves the dehumidifying air washer and before it enters the room? 

a Sensible heat may be added by a reheating method from a source outside the air 
stream This method passes all or part of the cold, dehumidified air over steam or hot 
water coils at the central conditioner or in the ducts, or over electric grids or similar 
devices. Any available source of sensible heat can be used 

b A mixing method usmg sensible heat already in the air stream. In this method the 
cold, dehumidified air is mixed with air at a higher dry-bulb temperature and the dry- 
bulb temperature of the resulting mixture is higher than that of the air when it left the 
conditioner The air at high dry-bulb temperature is obtained by not passing it through 
the dehumidifjdng washer The mbcing may take place at a central conditioner or in the 
rooms themselves 

c. Combinations of these methods, 

7 • What are the advantages of using counter flow of air and water in surface 
coolers? 

Counter flow results in a higher mean temperature difference than does parallel flow for 
the »me range of air and wato temperatures, which means that less cooling surface is 
required. Counter flow permits higher initial water temperatures and also allows a 
greater temperature rise for the water These factors combine to reduce the cost of 
circulating and refrigerating the cooling water 
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COOLING METHODS 

Air Cooling Processes, Evaporative Cooling; Dehumidification, 
Refrigeration, Silica Gel System, Alumina System, Lithium 
Chloride System, System Design, Operating Methods, Steam Jet 
System, Refrigerating Compressors, Refrigerants, Evaporators 
and Coolers, Condensers 


B y using any of the following four methods, or any combination of 
them, elective temperature (see Chapter 3) may be reduced. 

a Sensible cooling* Lowering of the dry-bulb temperature by the removal of sensible 
heat without change of the dew-point temperature. 

h, Dehumidif 3 dng: Lowering of the dew-point temperature by the removal of mois- 
ture without change of the dry^ulb temperature. 

r. Evaporative cooling* Lowering of the dry-bulb temperature through the evapor- 
ation of moisture without the addition or the subtraction of heat, 
d. Air motion* Increasing the air motion over the body. 

As an example, let the condition be considered of 92 F dry-bulb, with a 
40 per cent relative humidity, corresponding to a wet-bulb temperature of 
72.8 F, and an effective temperature for still air of 81.1 F. This effective 
temperature may be reduced 3.1 F by any of the four basic methods 
mentioned, as follows: 

Ftrst^ by lowering the dry-bulb temperature to 85 5 F without changing the dew-point 
of 64.2, this gives an effective temperature of 78 F. 

Second^ by reducing the moisture content of the air to 46 grams per pound of dry air 
without changing the dry-bulb temperatiure; this gives an effective temperature of 78 F 
Third, by reducing the dry-bulb temperature to 83.8 F without changing the total 
heat of the air This requires the evaporation of 14 grains of moisture per pound of dry 
air, and the effective temperature will become 78 F. 

Fourth, by increasing the air movement from still air to 460 fpm, a velocity which will 
reduce the mective temperature 3 1 F from 81 1 F to 78 F 

Am COOUNG PROCESSES 

The best method of reducing the effective temperature in any specific 
case will depend on the accompcinying circumstances and can be deter- 
mined only by a thorough analysis made by a competmt engineer. 
Generally spe^ng, tihe removal from the air of the sensible heat, or 
moisture, or both, by sensible cooling or dehumdifying is the most 
satisfactory method. Adequate results by the utilization of air motion or 
by evaporative cooling are difficult to obtain because of the dependence 
of both methods upon climatic conditions beyond the engineers* control 
although these methods are much less expensive than the first two 
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Table 1 Average Maximum Water Main Temperatures^ 


Statb 

City 

Tbmp F 

Stath 

Cety 

Temp P 

Ala 

Burmingham 

84 

Mass 

Boston ... 

SO 


Mobile 

73 


Cambridge 

70 

Ariz 

Phoenix 

81 


Fall River 

76 


Tucson 

80 


Lowell. . 

50 

Cahf 

Anaheim 

60 


Lynn 

New Bedford . 

08 


Berkeley ... . 

69 


70 


Fresno 

72 


Salem 

08 


Fullerton 

75 


Worcester 

76 


Glendale 

68 

Mich .. 

Detroit 

77 


Los Angeles 

75 


Flint 

70 


Oakland 

69 


Grand Rapids . 
Highland Park 

84 


Ontano 

70 


77 


Pasadena 

82 


Jackson - 

50 


Pomona. . . . 

75 


Kalamazoo 

53 


Riverside 

78 


Lansing - 

04 


Sacramento 

72 


Saginaw 

82 


San Bernardino .. . 

65 

Minn . 

Duluth 

55 


San Diego 

82 


Minneapolis 

80 


San Francisco .. 

62 


St Paul- 

77 


Whittier 

75 

Mo .. . . 

Jefferson City . 

82 

Colo 

Denver 

75 


Kansas City . . . 

84 

Conn 

Bndgeport 

Hartford ... . 

66 

73 


St Joseph... 

St. Louis .. . 

84 

85 


New Haven . . . 

76 


Springfield.. . . 

Lincoln 

70 


Waterbury 

72 

Nebr.. . 

87 

D. C 

Washington 

84 

Omaha 

87 

Del 

Wilmington 

Jacksonville 

83 

Nev . . 

RenOx X 

01 

Fla 

80 

N H 

Manchester.. 

76 


Miami 

80 

N J . . 

Jersey City 

Newark 

63 


Tampa 

77 

74 

Ga 

Atlanta 

87 


Paterson 

78 


Macon - 

80 


Trenton . 

79 

lU.- 

Chicago 

76 

N. Y . . 

Albany 

08 


Cicero 

76 


Buffalo 

75 


Evanston.. .. .. 

73 


Jamaica . 

50 


Peoria 

67 


Mt Vernon . . 

74 


Rockford 

59 


New Rochelle 

75 


Springfield 

82 


New York .. 

72 

Ind 

Evansville . . .. 

Gary 

86 

75 


Rochester ... . 
Schenectady 

70 

60 





Indianapolis . .. 

80 


Syracuse 

71 


South Bend 

61 


Utica - 

09 


Terre Haute . .. . 

82 


Yonkers 

70 

Iowa 

Cedar Rapids 

78 

N. C 

Asheville . 

74 


Des Moines 

77 


Charlotte 

85 


Sioux City 

62 


Winston-Salem.. . 

82 

Kans 

Concordia . . . . 

57 

N M... 

Albuquerque 

05 


Kansas City 

86 

Ohio.. - 

Akron 

76 


Topeka 

88 


Canton 

50 


Wichita.- 

72 


Cincinnati . 

84- 

Ky 

Louisville 

Baton Rouge. . .. 

New Orleans 

Augusta 

85 

85 


Cleveland 

74 


Columbus . . 

82 

Me 

85 

60 


Dayton 

Lakewood , . 
Springfield.. 

00 

82 

72 

Md. 

Baltimore 


67 

Toledo 

83 




aThwe averages taken from vanous city water main Iocatjons« with some actual values slightly higher 
and some lower than values shown 
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Table 1 Average Maximum Water Main Temperature^ (Continued) 


State 

ClTT 

Temp F 

SriTB 

Cety 

Tbmp F 

Okrla 

Oklahoma City 

82 

Utah 

T.ngfln 

44 


Tulsa.. 

85 


Sait Lake City 

60 

Or^ 

Eugene 

60 

Va 

Fredericksburg.- .. 

75 

Pfl 

Portland 

Altoona,-. 

64 

74 


Lynchburg 

Norfolk. 

73 

80 


Ene 

75 

Wash . ... 

Olympia 

58 


Johnstown 

74 


Seattle.- 

62 


McKeesport 

82 


Spokane 

51 


Philadelphia.- 

83 


Tacoma. - 

57 


Pittsburgh 

67 

W Va. .. 

Charleston 

85 

R I. 

Providence 

68 


Huntingdon 

78 

S C 

Charleston 

80 


Wheeling - 

78 


Creenvillft. __ 

81 

Wis 

LaCrosse. 

54 


Spartanburg _ 

78 


Madison 

58 

S Dak 

Rapid City 

55 


Milwaukee- 

70 

Tenn 

Chattanooga 

84 


Racine 

68 


Knoxville 

89 






70 





Nashville. 

90 


1 


Texas 

Amanllo 

65 

Pbovincb 




Austin.- 

90 





Beaumont, 

86 





Dallas 

86 

Alta 

Calgary.. - 

64 


Fort Worth 

84 

B C 

Vancouver 

60 


Galveston.- 

90 

Ont 

London 

50 


Houston 

84 


Toronto 

63 


Pnrt Artliiir 

83 

P E. I ... 

Charlottetown 

48 


San Antonio _ 

76 

Que 

Montreal 

78 


Wichita Falls 

85 


Quebec 

68 


aThese averages taken from vanous aty water mam locations, with some actual values slightly higher 
and some lower than values shown. 


mentioned. Cooling by evaporation is satisfactory only when the air to 
be cooled is very dry; air motion as a means of producing cooling effect is 
never entirely adequate in the range of high temperatur^. Of the two, 
evaporative cooling, or adiabatic saturation of the air, is a much more 
dependable method which will make more reduction in the effective 
temperature than will an increasing air motion within permissible limits. 

As an example of this, consider an outdoor condition of 96 F dry-bulb 
and 80 F wet-bulb. The effective temperature is 85.7 F and, if the still 
air is moved with a velocity of 300 fpm, the effective temperature will be 
reduced only 2 0 F while saturation at the wet-bulb temperature would 
reduce the effective temperature 6.7 F. At 300 fpm velocity this satu- 
rated air would reduce the effective temperature to 75.6 F, thus making a 
total improvement of 10.1 F. 

Frequently the temperature of the aty water main supply is low 
enough during the summer to permit an appreciable cooling effect. 
Table 1 lists the maximum city water main temperatures for various 
localities in this country and Canada. 

EVAPORATIVE COOLING 

Evaporative cooling is accomplished by passing air through a water 
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spray in which the water is being continually recirculated. The air, 
entering in an unsaturated condition, evaporates a part of the water at the 
expense of the sensible heat. As this is an adiabatic transfer, the total 
heat content of the air remains constant, while the dew point rises and the 
dry-bulb falls until the air is saturated. A system^ of ducts and a propel- 
ling fan are used to distribute the air in a proper manner. 

It will be seen that the reduction in dry-bulb temperature is a direct 
function of the wet-bulb depression of the air entering the dehumidifier 
and that the resulting air temperature is governed entirely by the entering 
wet-bulb temperature of the outside air. 

DEEIUMIDinCATION 

Dehumidification may be accomplished in three ways * 

1. By ccx)lmg the air below the dew point and causing a part of the moisture contained 
to preapitate. 

2. By extracting all or part of the moisture by adsorption, 

3. By extracting all or part of the moisture by absorption. 

As used in this discussion, the term adsorption pertains to the action of 
a substance in condensing a gas or vapor and holding the condensate on 
its surface without any change in the chemical or physical structure of the 
substance and with the release of sensible heat. The term, absorpHon, 
implies a change in the chemical or physical structure of a substance in the 
process of dehydrating air. Adsorption is distinctly a surface action and 
is thereby distinct from absorption. Adsorbers include lithium chloride, 
calcium chloride; silica gel, lamisilite, or any of the halides; absorbers 
include sulphuric acid. 

Dehumidiiication by Refrigeration 

Air conditioning imposes requirements on refrigeration equipment not 
usually found in general cooling work, so that specially designed apparatus 
is often needed to replace that normally used for industrial cooling. 
Standard equipment can be adapted to meet air conditioning require- 
ments but extreme care must be taken to determine the limits of its 
applicability. 

In industri^ or process cooling systems the load is fairly constant, noise 
in operation is not of paramount importance, space is available or rela- 
tively cheap, condenser water is not a source of worry, and the cooling 
system is to a great extent separate and independent of other mechanical 
equipment. By contrast, air conditioning, especially as used for space 
cooling and comfort work in office buildings, theaters, and places where 
people gather requires special consideration of all these factors. Space in 
public builchngs is limited and condenser water is expensive. Noise 
interferes with the occupants, and the cooling equipment must dovetail 
with the other air-handling apparatus. Most important, the load fluctu- 
ates tremendously and is seasonal. 

A complete discussion of the thermodynamic problems of refrigeration 
is given in Chapter 2. 


*See Air Washer Performance in Chapter 12, also Theory of Atmospheric Coohxig in same Chapter. 
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Silica Gel System 

Silica gel is a chemical composition made from sodium silicate and acid, 
the chemical formula being Si02. It has an appearance greatly resembling 
that of clear quartz sand but it differs in structure in that the crystals 
are highly porous, with voids constituting 41 per cent by volume although 
the pores are microscopic in size. This material possesses the property of 
being able to adsorb a substantial portion (about 25 per cent of its own 
weight) of moisture from the air without any increase in its volume. 
After the silica gel has become ** saturated” or has adsorbed moisture to 
the limit of its capacity, the moisture may be driven from it by the 
application of heat, again without change in the structure, volume, or 
chemical composition of the silica gel. This cycle may be repeated in- 
definitely. When applied to air conditioning the silica gel which is 
exposed to the air reduces the moisture content in the air and releases 
sensible heat which may be readily removed from the air A typical 
diagram of this system is shown in Fig. 10, of Chapter 2 on Refrigeration. 

Practical Application of Silica Gel 

Silica gel has two applications when used to replace refrigeration. In 
the one principally used, the air from which moisture is to be extracted is 
taken through silica gel beds by suction or pressure fans, and by means of 
this process the moisture becomes adsorbed by the silica gel and the air 
leaves at a lower dew point and a higher sensible temperature than those 
at which it entered. If this air is passed over surface coolers in which tap 
water or another cooling medium is flowing through tubes, a certain 
amount of sensible heat will be removed. The air leaves the surface cooler 
or interchanger with the same dew point with which it emerged from the 
silica gel beds, but with a lower dry-bulb temperature, although the dry- 
bulb temperature may be higher than the temperature of the air entering 
the silica gel beds. 

In another method, the first two of the steps outlined are duplicated, 
and in addition the air is carried through a spray type washer. Because 
the air enters the washer with a low wet-bulb, and because adiabatic 
saturation will take place at a temperature close to the entering wet-bulb, 
considerable cooling of the air can be accomplished; but this can be done 
only with a consequent increase of the dew point. 

It is necessary to reactivate the silica gel after it has adsorbed about 
25 per cent of its own weight in the form of moisture. As reactivation 
requires a high temperature and since silica gel is only active at low tem- 
peratures, cooling of the beds must also be completed before they can be 
used again. This necessitates three stages in the silica gel containers and 
requires either three beds of silica gel or one bed divided and automatically 
put in position. The reactivation is usually done by means of gas or oil 
fires and the cooling of the beds by means of indirect water cooling or by 
means of small quantities of dehydrated air taken from the system beyond 
lie interchanger. 

Alumina System of Adsorption 

Activated alumina contains a trifle over 91 per cent of aluminum oxide, 
AUPi, which material will adsorb nearly 100 per cent of the vapor in the 
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air up to about 8 or 10 per cent of the weight of the adsorbing material, 
after which the adsorption falls off gradually as the saturation point is 
approached. The application is quite similar to that employed for silica 
gel; that is, the material is exposed to the air flow and after reaching 
about 76 per cent saturation is reactivated by removing the moisture 
adsorbed by means of applied heat. The actual scheme generally fol- 
lowed in the use of this material for continuous service varies somewhat 
from silica gel inasmuch as the material is placed in three units which are 
used consecutively for the different steps. These steps permit each unit 
to operate as follows: 

a. In senes with the preceding unit 

h Alone 

c. In series with the following unit 

This plan allows for adsorption, reactivation, and cooling, in a manner 
similar to that used with silica gel. 

Taking a single unit, when it is in the a step and operating with the 
preceding unit, the alumina adsorbs approximately 25 per cent of the 
moisture in the air and takes up about 1.3 per cent of its weight of water. 
During the second step when it is operating alone, it takes up 100 per cent 
of the moisture in the air until the weight of the water adsorbed is brought 
up to about 6.7 per cent. During the third step when the unit is operating 
with the succeeding unit, it extracts about 75 per cent of the moisture in 
the air until the water weight adsorbed* comes up to about 10 per cent of 
the weight of the adsorber. The time allowable for reactivating is equal 
to the time occupied by the second unit adsorbing alone, plus the time 
when the second and third units are adsorbing in series, plus the time 
when the third unit is adsorbing alone, at the expiration of which time the 
first unit will be again required. , 

The temperature of air used for alumina reactivation is usually between 
300 and 700 F and the air flow rate will have to be higher with the low 
temperature air than it will be with reactivating air of higher temperature. 
For example, air at 400 F for reactivating will, at 10 cu ft per hour per 
pound of alumina, require about 6 hours for reactivation. In the three 
unit system, after reactivation the cooling of the activated alumina may 
be carried out with considerable rapidity by using dry air from the adsorp- 
tion unit for circulation through the unit which has just completed reacti- 
vation. The final temperature of the unit before it goes back into service 
should be not over 200 F. As a basis for computing the amount of cooling 
air required for reactivation, each cubic foot of cooling air has been found 
capable of removing 2.2 Btu when heated from 85 to 200 F and of provid- 
ing a sufficient margin of safety in operation. 

litlilum Chloride Adsorption System 

Practically all salt solutions have the property of adsorbing or con- 
densing moisture from a gas. The amount depends on the character of 
the solution, its gravity, temperature and viscosity. One of the best 
known dehydraters, calcium chloride, for instance, has been long, known 
for this property. Its characteristics, however, present a limiting factor 
of about 30 per cent relative humidity, so that the resultant dew point of 
air brought in intimate contact with calcium chloride is usually too high 
for comfort work without further refrigeration. 
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The cycle of solid dehydraters or adsorbers and liquid^ adsorbers are 
fundamentally the same. A diagram of a lithium chloride adsorption 
system is shown in Fig. L 

The liquid adsorber is brought in contact with air having a certain 
vapor pressure due to the moisture of water vapor that is in it, and the 
chloride, either sodium, lithium, calcium, or whatever is used, having a 
lower vapor pressure, adsorbs moisture in the form of water from the 
water vapor that is in the contacting air. Thermodynamically, it is 
definitely possible to measure this change and to know definitely that a 
^ange of state takes place because of the fact that there is a definite rise 
in temperature in the liquid adsorbing the moisture, which is definitely a 
function of the amount of water vapor condensed from the air stream. 



Of course, the liquid adsorber, contreiry to the solid adsorber such as 
silica gel, takes on two functions: one, as an adsorber, and that adsorp- 
tion, as has been stated, tends to create a rise in temperature; on the 
other hand, the mass of liquid in the adsorber tends to k^p down the rise 
in temperature, so that by cooling the adsorber below a certain tem- 
perature, a definite temperature can be maintained in both the liquid and 
the air, which is a function of the heat balance between the total heat of 
the air and the total heat of the liquid. 

Adsorption of moisture by a liquid adsorber weakens the concentration 
of the liquid so that its adsorbing capacity is reduced and regeneration, or 
the driving ofiF of the excess moisture in the liquid, must be performed, 
just as the driving off of the liquid adsorbed by a solid adsorber must be 
accomplished. However, with a liquid adsorber a very definite condition 
can be maintained; that is, a condition of density, by continuously with- 
drawing a certain small portion of the total liquid for intensive con- 
centration and the concentrated liquid added to the mass of the liquid 
continuously, without varying to any marked degree the vapor pressure 
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of the total mass. This method of continuous regeneration and re- 
concentration tends to hold the relative humidity of the leaving air always 
at a very definite point. 

There are two methods of regeneration. One is the boiling of the 
excess moisture by raising the temperature of the adsorbing liquid to 
above the boiling point of the particular concentration. As the salt in 
the solution does not vaporize, it is not carried off in the boiling process. 
The only care required is that in the small amounts of liquid diverted to 
the regenerator for concentration, too much moisture is not driven off, 
occasioning freezing or solidification of the salts, or solids. 

The second method of regeneration which lends itself particularly well 
to ordinary low pressure heating systems, where steam pressure of about 
12 lb per sq in., corresponding to a temperature of 242 F, is to raise the 
temperature of solution with ordinary steam coil interchangers to about 
225 F, and then to pass the solution at this temperature over various 
types of scrubbers, over which ordinary air is passed. The increase in 
temperature of the liquid adsorber tends to increase its vapor pressure to 
such an extent that there is an exchange of vapor between the liquid 
adsorber and the air, as well as an equalization of temperature between 
the air and the liquid adsorber, so that the air is capable of taking up 
part of the moisture from the liquid adsorber to increase its density and 
to carry this excess moisture out into the atmosphere with the leaving air. 

After this vaporation has taken place, the highly concentrated, hot 
liquid adsorber is taken through an interchanger through which the water 
used in cooling the main solution can be re-used to reduce the temperature 
of the concentrated solution to a point where it may be thrown back into 
the main solution tank at a slightly higher temperature than the main 
body of the solution. As approximately only 10 per cent of the solution 
is regenerated continuously, a difference of 5 to 10 F in the concentrating 
solution only creates a rise of 1 F or less in the main body of the adsorber, 
so that its effect on increasing the temperature of the air to be dried is 
negligible. 

As can be seen, there are two conditions of continuous operation which 
have a tendency to raise the temperature of the liquid. One is the 
adsorption of vapor from the air, which, through a (±ange of state, 
changes the latent heat of the vapor adsorbed to sensible heat, to raise the 
temperature of the liquid and consequently, the temperature of the air; 
secondly, the necessary heat added to the regenerator liquid in order to 
re-evaporate and carry off the excess moisture which has been condensed 
in the first stage. 

In the regeneration process, the air currents in this method have a 
tendency to cany away the excess heat of evaporation. In the first stage, 
that is, the main stage of adsorption, the temperature of the main body of 
liquid is continuously cooled, and the excess heat carried away by some 
type of interchanger, through one part of which either cooling tower or 
city water is utilized. Of course, this water may be refrigerated, but 
under most conditions that is unessential. With the ordinary liquid 
interchanger, using cooling tower water, the maintained condition of the 
liquid and the air can be kept at a point very close to the prevailing 
wet-bulb, possibly within 5 F, and certainly within 10 F. 
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DESIGN OF SYSTEM 

When designing air conditioning systems, the capacity of equipment is 
decided by selecting apparatus of sufficient size to maintain predetermined 
temperatures and humidities in treated spaces when arbitranly estab- 
lished maximum atmospheric temperatures occur coincident with given 
conditions of population, lighting, and power consumption. These factors 
determine the maximum duty of the cooling system. The duty does not 
necessarily determine the size or capacity of the refrigeration apparatus. 
The refrigerating capacil^ is expressed in tons, each ton being equal to the 
absorption of the heat given up by one ton of ice at 32 F melting to water 
at 32 F in 24 hours. This is equivalent to heat absorption at a rate of 
approximately 200 Btu per minute, or 12,000 Btu per hour. 

After the maximum duty is determined, the other factors concerning 
the installation must be investigated. The total heat to be removed by 
the cooling system has many sources, some substantially constant and 
others extremely variable. These sources can be roughly classified as 
follows, the first column indicating the order in amount and the second 
the order in variability: 

1. Fresh air supplied. 1. Fresh air supplied. 

2. Population. 2 Transmission through the structure 

3. Transmission through the structure 3. Light and power consumed 

4. Light and power consumed 4. Population 

By combining these two columns, a third grouping is obtained as 
follows* 

1 Fresh air supplied. 3 Population 

2 Transmission through the structure. 4 Light and power consumed 

In this last arrangement, the first two items are governed by atmos- 
pheric conditions and they are therefore subject to tremendous fluctu- 
ations in value. As they generally form 40 to 60 per cent of the entire 
maximum load, the duty of the cooling system will be much less than 
maximum most of the time. 

The transmission through the structure is especially influenced by the 
sun, (See Chapter 8.) In many cases, because of the heat flow resistance 
of the structure, the heat from the sun is retarded until it is compensated 
for by a reduced general temperature out-of-doors. 

A survey of Weather Bureau records indicates that maximum tempera- 
tures occur less than 5 per cent of the cooling period and also that the 
duration of peak conditions is never more than three or four hours. 

Two factors control the size of the refrigeration system, the evaporator 
or suction temperature, and the condenser or head temperature. With 
the knowledge that the system will operate most of the time with a load of 
not over 60 per cent of maximum, and that maximum demands will occur 
infrequently and only for short periods, some provision must be made to 
insure economical operation under average conditions. This can be done 
by overloading the machine under extreme demands and basing the design 
on normal or average loads. Flexibility in arrangement can be provided 
in several ways. 

Variations in load change the efficiency of any machine and a refrigera- 
ting system can be costly and inefficient if improperly designed or operated. 
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Fortunately, the trouble can be concentrated in the compressor and the 
problem relieved of many complications. It is comparatively easy to 
furnish condensers and evaporators to carry the maximum load so 
arranged that they will function properly at small demands. They affect 
the compressor performance to some extent but most of the compressor 
problems are in the machine itself. 

Variations in load are usually effected by lowering the suction tem- 
perature and pumping a larger volume of gas per ton through a greater 
pressure range. This is possible because the latent heat of the refrigerant 
remains nearly constant throughout the small range used and the specific 
volume varies rapidly with change in pressure. As the compressor must 
remove the refrigerant evaporated, the evaporator temperature fixes the 
displacement required. The objection to such method is that the total 
power consumed remains nearly constant and the power per unit of 
cooling increases rapidly as the total output is reduced. Such operation 
is satisfactory as long as the load is kept within 10 per cent of the rating 
of the compressor but this condition does not commonly occur in air 
conditioning applications. 

Operating Methods 

It is possible to divide the entire refrigeration system into a number of 
small units, which will allow cutting in and out of compressors and con- 
densers as the load fluctuates. 

A second method of providing for economy of operation is to have 
storage capacity which can be utilized during the peak period. A further 
reference to the Weather Bureau records indicates that maximum con- 
ditions prevail during the day for not more than three hours, and con- 
sequently the refrigerating system can be run for a longer period at 
maximum efiSciency with tanks to store cold water or brine for supple- 
menting the actual output of the refrigerating equipment when the load is 
more than the machine will carry. This situation brings complications. 
Storage tanks require space and extra apparatus, which increase the cost 
of the entire system, and further, it is difficult to determine what the size 
of the compressor should be because of the other variables which enter the 
problem. Depending upon the availability of storage space, the com- 
pressor could be designed for any reasonable percentage of the maximum 
load, so the smaller the compressor, the larger the storage space, and 
vice versa. 

A third method is to provide in the compressor itself some means of 
reducing the capacity. This can be done by varying the speed and con- 
sequently the displacement of the compressor, or by varying the dis- 
placement, either by a partial by-pass of the cylinder or by a clearance 
pocket in the head of the cylinder when reciprocating compressors are 
used. It might be assumed that the efficiency would remain practically 
constant. This is not correct, inasmuch as the machine friction remains 
constant with the by-pass or clearance pocket method and this raises the 
power required per ton of refrigeration developed. Also, the volumetric 
efficiency of the machine falls off rather rapidly when the dearance pocket 
or partial by-pass is used. ^ By varying the speed of the compressor, the 
effidency of the power unit falls off as the speed is reduced, while the 
compressor friction remains constant. 
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Another method of operation is the automatic starting and stopping of 
the refngerating machine, with the automatic control designed to function 
as the load varies. All of the methods described are used from time to time. 

The methods of varying the output of a refrigeration system which have 
been outlined apply to the reciprocating type of compressor, although 
variations in the speed of the compressor to change the refrigerating 
output are common to all types of mechanical refrigeration. 

There is a further method of controlling the compressor output which is 
particularly adaptable to the centrifugal type of machine. This is accom- 
plished by varying the amount of condensing water used with the fluctu- 
ation in demand load. Because of the characteristics of the centrifugal 
type of apparatus, as the condensing water quantity is reduced and the 
condensing temperature consequently raised, the discharge pressure of 
the centrifugal machine rises correspondingly and the horsepower input 
to the machine falls off. While this reduces the total power input to the 
machine, it does not necessarily reduce the power input per ton of re- 
frigeration developed, as the power input does not drop with a rising dis- 
charge pressure as fast as the refrigerating effect produced drops. It is a 
method, however, which shows marked economies over the method 
generally used by the operating engineer, which is to lower the suction 
pressure in order to reduce the refrigerating output of the system. 

STEAM JET SYSTEM 

So far the discussion has been confined to reciprocating, centrifugal, and 
rotary compressors. The steam jet type of compressor, under certain 
circumstances, is desirable for use in air conditioning. A complete flow 
diagram of the system is shown in Fig. 4 of Chapter 2 on Refrigeration 
The power used for compressing the refrigerant is steam, taken directly 
from the boiler, thus eliminating the mechanical losses of manufacturing 
electric current. As the compression ratio between the evaporator and 
condenser under normal circumstances is large, the mechanical efHaencies 
of the equipment are somewhat lower than those of the positive mechanical 
type of compressor; also the condensing water requirements are con- 
siderably greater, as both the refrigerant and the impelling steam must 
be condensed. 

The steam jet system functions on the principle that water under high 
vacuum will vaporize at low temperatures, and steam ejectors of the type 
commonly used in power plants for various processes will produce the 
necessary low absolute pressure to cause evaporation of the water. 

In Chapter 2 on Refrigeration Fig 4 shows a typical water cooling 
application. The water to be cooled enters the evaporator and is cooled 
to a temperature corresponding to the vacuum maintained. Because of 
the high vacuum, a small amount of the water introduced in the evapor- 
ator is flashed into steam, and as this requires heat and the only source of 
heat is the rest of the water in the evaporator tank, this other water is 
almost instantly cooled to a temperature corresponding to the boiling 
point, determined by the vacuum maintained. The amount of water 
flashed into steam is a small percentage of the total water circulated 
through the evaporator, amounting to approximately 11 lb per hour per 
ton of refrigeration developed. The remainder of the water at the desired 
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low temperature is pumped out of the evaporator and used at the point 
where it is required. 

The ejector compresses the vapor which has been flashed into the 
evaporator, plus any entrained air taken out of the water circulated, to a 
somewhat higher absolute pressure, and the vapor and air mix with the 
impelling steam on the discharge side of the jet. The total mixture of 
entrained air, evaporated water, and impelling steam is discharged into a 
surface condenser at a pressure which permits the available condensing 
medium to condense it. The resulting condensate is removed from the 
condenser by a small pump, from which it can be discharged to the sewer 
or returned to the system in the form of make-up water, or part of it may 
be returned to the boiler feed pump. 

As the normal temperature of water required for air conditioning 
purposes is between 40 F and 50 F, with an average temperature of 
approximately 45 F, this type of water cooling is particularly desirable, 
as the efficiencies and operating costs compare very favorably with other 
types of refrigerating equipment, especially in view of the fact that the 
cooling apparatus is, as a general rule, less expensive to install. 

Approximately three times as much condenser water is required for the 
steam jet cooling system as would be necessary with other types of 
mechanical refrigeration, but as the system can be designed with a large 
number of jets, each of which can be cut off as the load falls below maxi- 
mum, constant refrigerating efficiency is maintained and frictional losses 
and volumetric inefficiencies are kept at a minimum. 

The slight amount of air which may be entrained in the cooled water is 
removed by a small secondary ejector which raises the pressure sufficiently 
so that the air can be discharged to the atmosphere. A small secondary 
condenser, of course, is necessary to condense the steam used in the 
secondary jet. 

Steam jet refrigeration has an advantage where cooling towers are used 
for supplying the condensing liquid, as there is a great saving in the 
amount of steam used per ton of refrigeration. As the outdoor weather 
conditions vary the load on the cooling system, the compression ratio 
between the condenser and evaporator can be reduced and less propelling 
steam need be used per ton of refrigeration developed. Roughly, in air 
conditioning work, mechanical compressors show a falling off of 30 to 40 
per cent in the power input when using the most economical arrangement 
of compressors, as the load varies from 100 per cent to 25 per cent of the 
rated capacity; whereas with steam jet cooling equipment, the amount of 
steam requir^ for producing the necessary rrfrigerating effect falls off in 
direct proportion to the load on the system. When steam refrigeration is em- 
ployed with cooling towers, the efficiency increases as the output is reduced. 

REFRIGERATING COMPRESSORS 

There are many different types of compressors, a number of refrigerants, 
different types of evaporators, condensers and arrangements of the cycle, 
and each type has its particular place and usage. 

The generally used compressors are of the following types: 

1. Reciprocating compressors 3. Rotary compressors 

2. Centnfugal compressors. 4. Steam jet compressors. 


206 




Chapter 11 — Cooling Methods 


Over-all efficiency of the compressor in smaller commercial installations 
is not as important a requirement, as that the whole unit require little 
attention and make a minimum of noise. The noise level when the fan, 
sprays, and compressor are in full operation should not exceed 25 decibels. 
High compressor efficien<^ appears as an important factor only in the 
larger industrial air conditioning systems. 

The refrigerants in most general use in commercial and industrial air 
conditioning are here listed in the order of their inoffensive odor charac- 
teristics* 

1. Water vapor. 

2 Carbon dioxide 

3 Dichlorodifiuoromethane and trichloromonofluoromethane 

4 Dichloromethane, sometimes called methylene chloride 

5 Methyl chloride 

6 Ammonia 

7 Sulphur dioxide 

The various types of compressors bear varied relationships to the 
refrigerants used in both commercial and industrial air conditioning. 
Reciprocahng compressors are generally used for any of the refrigerants 
listed except water vapor, dichloromethane, or other low pressure refri- 
gerant, and they are used in both commercial and domestic air conditioning 
systems. They have been developed to a point where their efficiency is 
high and their operation very satisfactory. Relatively low speed opera- 
tion makes them desirable for general use in large installations. They are 
of two types, vertical and horizontal, either single or double acting. The 
horizontal double-acting compressor is not generally used in air condition- 
ing except when carbon dioxide is used as the refrigerant in the larger 
industrial systems. Vertical, single-acting, encased crank, reciprocating 
compressors of the uniflow type with valves in the pistons have proven 
reliable and are used in capacities from 1 hp to more than 100 hp. Re- 
ciprocating compressors can be used with more refrigerants than other 
t3^es of compression units. For instance, when carbon dioxide is used as 
the refrigerant, a reciprocating compressor is required because of the 
extremely high pressures and the relatively high ratio of compression. 

The production of refrigeration at temperature levels from 25 F to 
55 F for general air conditioning involves special types of refrigerating 
compressors. Among these are: 

1. Centrifugal compressors using a volatile refrigerant 

2. Centrifugal compressors using water as a refrigerant 

3 Steam jet or vacuum systems using water as a refngerant 

4 Reciprocating compressors using a volatile refrigerant. 

The first two types, centrifugal compressors, using trichloromonofluoro- 
methane, dichloromethane or water vapor, can theoretically be used with 
any of the other refrigerants, but the resulting loss in efficiency with the 
higher pressure gases limits the centrifugal compressor to the two re- 
frigerants named. At the present time the centrifugal compressors are 
limited to air conditioning systems of a minimum of 50 tons and more. 
Centrifugal compressors are usually built in two or more stages where the 
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compression ratio is high, and their design follows closely that of any 
other centrifugal equipment, such as general service pumps and fans 

Steam jet compressors which have recently entered the field are simple 
and compact and, having no moving parts, they produce practically no 
vibration but are not economical for water temperatures much below 
40 F or where the cost of generating steam is higher than the cost of 
operation with other prime movers. 

Rectprocating compressors are generally used for methyl chloride and 
dichlorodifluoromethane because of their relatively low pressure and 
compression ratios. These compressors find widest use for fractional 
tonnage duty. 

Refrigerants 

The source of condensing water to some extent governs the type of 
refrigerant used. If condensing water is available at temperatures of not 
more than 70 to 75 F any of the refrigerants mentioned can be used 
economically, but if the available condensing water temperature is above 
80 F, carbon dioxide becomes uneconomical as its critical temperature is 
approximately 88 F. A condensing water temperature over 80 F makes 
the power required for compression high. All refrigerants, except carbon 
dioxide, have critical temperatures and pressures sufficiently high so that 
their efficiency is not materially affected by the condensing water tem- 
peratures, except insofar as this temperature affects the compression 
ratio. Steam jet cooling systems can use water up to 85 F, or even 
slightly warmer 

The applicability of the various refrigerants is interesting. Carbon 
dioxide is limited by the condensing water temperature; the power con- 
sumption is slightly higher than that of other refrigerants; and the pres- 
sures are three to four times that of ammonia. 

The condenser pressures of methyl chloride and dichlorodifluromethane 
are approximately one-half that of ammonia. 

Ammonia, probably the best known refrigerant, has the disadvantage 
of being toxic, and under certain circumstances explosive, corrosive, and 
irritating, even in small quantities in the atmosphere. An indirect closed 
system vented method or double indirect open spray vented, method of 
refrigeration is used for cooling water or brine in air conditioning systems 
employing ammonia as the refrigerant. 

Sulphur dioxide is corrosive and irritating even in small quantities in 
the atmosphere and it is toxic under certain circumstances. 

Dichloromethane operates at pressures below that of the atmosphere, 
and it is to some extent toxic. 

Dichlorodifluromethane and trichloromonofluoromethane under normal 
circumstances are odorless, non-irritating, non-toxic, non-flammable, 
non-explosive, non-corrosive and will do no damage to any materials 
with which they may come in contact. 

Methyl chloride, under certain conditions, is explosive and slightly 
toxic. 

The steam ejector water vapor system has none of the disadvantages of 
toxicity, explosiveness and corrosiveness encountered in the other refri- 
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gerants, but the system operates at less than atmospheric pressure. This, 
however, is not an important factor as there are no moving parts in the 
compressor and the possibility of inleakage of air is remote as all of the 
equipment can be welded air and water tight. The supply of water is 
inexhaustible, and as a refrigerant, the make-up cost is negligible. The 
same boiler equipment can be used for heating in winter and for cooling 
in summer. 

Electric Motors 

The motors used for driving compressors can be roughly classified in 
three groups* synchronous, multispeed, or variable speed. Further infor- 
mation on motors and their controls may be found in Chapter 42. 

CONDENSERS 

Condensers are usually either the double pipe type or the shell and tube 
type. Shell and tube condensers are almost identical with coolers. 
Double pipe condensers are arranged so that water passes through the 
inner of two concentric pipes, and refrigeration passes through the 
annular space in the outer pipe. Where possible, there should be counter 
flow of the refrigerant and the condensing water to maintain maximum 
temperature differences. 

The amount and temperature of the condensing water determine the 
condensing temperature and pressure, and indirectly the power required 
for compression. It is, therefore, necessary to strike a balance so that the 
quantity of water insures economical compressor operation. 

As part of the condenser, or attached to it, there must be storage space 
for liquid refrigerant. The installation of all equipment should be made 
accessible for inspection, repair, and cleaning. Both the coolers and 
condensers should have space for pulling tubes. 

Because there is a decided tendency to conserve the water in dty mains 
and most large cities are restricting the use of water, in order to use air 
conditioning systems and refrigeration equipment it is often necessary to 
install cooling towers. The cooling towers, unfortunately, produce the 
warmest condensing water at the time when the load on the system is 
greatest, so that the refrigeration equipment must be designed to meet 
not only the maximum load at normal conditions, but also rile maximum 
load at abnormal condensing water temperatures. If properly designed, 
this makes little difference in the efficiency of operation throughout the 
year except at those times when the condensing water temperature is 
highest. As this occurs only for 5 per cent of the entire cooling period it 
can be disregarded as a factor in establishing yearly operating costs. 

The cooling tower has a certain advantage over the use of water from 
the city mains in that the temperature of the condensing water varies 
directly with the outdoor temperature and, as pointed out, the refrigera- 
tion load also varies with this temperature. Certain economies are pos- 
sible when a cooling tower is used which cannot be achieved by the use of 
condensing water from city mains, even where the dty water temperature 
is extremely low. Normally, the lowest dty water temperature met during 
the summer months is from 65 to 70 F. This temperature range takes 
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place for the entire cooling period, regardless of what the outdoor tempera- 
tures are. With the cooling tower, the temperature of the condensing 
water may rise to 80 or 85 F under maximum conditions, but under less 
than maximum conditions the temperature of the water off the cooling 
tower drops considerably, and it has been established that 50 per cent of 
the time the outdoor wet-bulb temperature varies from 60 to 70 F and the 
cooling tower water, therefore, for the same periods, varies from 65 to 75 F. 
When the outdoor wet-bulb temperature drops below 60 F, which occurs 
approximately 30 per cent of the time, the condensing water temperature 
is still lower. The cost of water used for condensing is negligible, as the 
only water required is that used to make up the loss by evaporation in the 
cooling tower itself. See also Chapter 12. 

Evaporative Condensers 

Due to the high cost of city water for condenser purposes and due to 
ordinances in some localities prohibiting the discharge of large quantities 
of such water into the sewage systems, there has been developed a con- 



denser which uses a minimum amount of water on a finned surface, 
cooling it to approximately the wet-bulb temperature of the surrounding 
atmosphere. 

A diagram of a typical evaporative condenser is shown m Fig. 2, which 
includes a propeller type fan that forces the air over a finned tube con- 
denser coil to the outside atmosphere through a connecting duct. A fine 
jet of water from a nozzle locat^ at the center of the coil is directed to a 
target on the hub of the fan, where it is atomized and the spray is carried 
across the coil, wetting the surface. The hot refrigereint gases enter the 
top of the condenser coil and the liquid collects in the receiver below the 
condenser unit. A thermostat control valve and pressure regulator are 
arranged on the condenser water supply for regulating and adjusting the 
water flow to the nozzle. It is particularly desirable that a condenser of 
this t 5 q)e be located as near the compressor as possible. 

Units of this design are available in sizes ranging from 2}4 tons of 
refrigeration up to about 40 tons. For larger capacities severd multiple 
units may be used in parallel. About 10 per cent as much water is 
required for this unit as is normally used in a shell and tube type condenser. 
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EVAPORATORS AND COOLERS 

The types of coolers used in connection with air conditioning work fall 
into three general groups. The first, is the direct cooling of water; the 
second, direct cooling of air; and the third, cooling of brine for circulation 
in a closed system, which can cool either water or air. One method of the 
direct cooling of water is to install direct expansion coils in the spray 
chamber so that the water sprayed into the air comes in direct contact 
with the cooling coils. Another common and efficient method of cooling 
spray water is to use a Baudelot type of heat absorber where the water 
flows over direct expansion coils at a rate sufficiently high to give efficient 
heat transfer from water to refrigerant. 

Another type of spray water cooler is the shell and tube heat exchanger 
in which the refrigerant is expanded into a shell enclosing the tubes 
through which the water flows. The velocity of the water in the tubes 
affects the rate of heat transfer, and as the refrigerant is in the shell com- 
pletely surrounding the tubes at all times, good contact and a high rate of 
heat transfer are insured. The disadvantage of such a system is that with 
the falling off of load on the compressor the suction temperature or the 
temperature in the evaporator drops and there is a possibility of free2ing 
the water in the tubes, which, of course, might split the tubes and allow 
the refrigerant to escape into the water passage. This danger can be 
eliminated by automatic safety devices. 

Another system of cooling spray water is to submerge coils in the spray 
collecting tank, or in a separate tank used for storage. The heat trans- 
mission through the walls of the coils, however, is low and a great deal 
more surface is required than for any other type of cooler. However, with 
large storage tanks this type of cooling can be utilized to advantage. 

When direct cooling of air is employed, the refrigerant is inside the coil 
and the air passes over it. Cooling depends upon convection and con- 
duction for removing the heat from the air. The type of coil used can be 
either smooth or finned, the finned coil being more economical in space 
requirement than the smooth coil. The fins, however, must be far enough 
apart so as not to retain the moisture which condenses out of the air. 

The indirect cooler, where brine is cooled by the refrigerant and the 
resulting cold brine is used to cool either air or water, introduces several 
other considerations. It is not the most economical from a power con- 
sumption standpoint, as it is necessary to cool the brine to a temperature 
sufficiently low so that there is an appreciable difference between the 
average brine temperature and that of the substance being cooled. This 
requires that the temperature of the refrigerant must be still lower, and 
consequently the amount of power required to produce a ^ven amount of 
refrigeration increases due to the higher compression ratio, but there are 
other considerations which make such a system desirable. In the first 
place, where a toxic refrigerant is undesirable or cannot be used, due to 
fire or other risks especially in densely populated areas, the brine can be 
cooled in an isolated room or building and then be circulated through the 
air conditioning equipment in perfect safety because it is used to cool the 
water or air, without any possibility of direct contact between the air and 
refrigerant. 

When an indirect system of cooling is used, it will be found that the heat 
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transfer rate of the water cooler is considerably higher as a general rule 
than that of a direct expansion cooler for the same requirements. With 
direct expansion interchangers, it is almost impossible to keep the entire 
system flooded with liquid, whereas with brine interchangers the cooling 
medium completely fills the space of the interchanger and perfect contact 
IS insured 

Ice may be used for chilling water or air for conditioning work. Its 
application is limited because of the cost of ice, and the difficulty of 
handling it. The word 'water cooling” is used advisedly in that the 
direct cooling of air by ice is, while not impossible, rather impractical. It 
might be said that ice coolers are economical for systems requiring a 
maximum of 20 tons per 24 hours where the load fluctuates considerably, 
and where ice is introduced only as it is required to cool water. The most 
general method of cooling water with ice is to spray the water over the 
surface of the ice, insuring as much contact as possible and approximating 
the same performance as the Baudelot type of cooler. Because of the 
large fluctuations in load in the air conditioning system, the higher cost of 
refrigerating effect when ice is used is offset by the fact that there are no 
motor and condenser inefficiencies under partial load Also, because the 
cost of the mechanical refrigeration equipment for the small system is so 
much higher per unit of effect, the fixed charges are small enough to 
overbalance the extra cost of the ice. 


PROBLEMS IN PRACTICE 

1 • If, in a given air conditioning installation, fixed charges are estimated at 
15 per cent per annum, what increased first cost wotdd be justified for an auxi- 
liary appliance on a r^rigeration machine which could save $125.00 per year 
in operating cost? 

q-iOK Art 

$125 00 capitalized at 15 per cent is. ’ = $834.00 increased first cost justified 

2 • Electrically driven Freon condensing units are to be used in an air con- 
ditioning system, requiring 20 tons re&igerating capacity for conditions of 
maximum load. An overall analysis of the seasons operating conditions shows 
an average load factor of 62.5 per cent, and allowing for variable time intervals 
of operation of refrigeration units installed, three-quarters of the operating 
season, or 750 hours, would require operation of the equipment at one-half 
load, and one-quarter of the operating season or 250 hours full load capacity 
of the refrigeration equipment would be required. 

The increased first cost of 2-10 hp, 10 ton condensing units over 1-20 hp, 20 ton 
condensing unit is, $830.00 installed price, to the customer. 

The increased first cost of a 2-speed compressor motor of 20 hp size over a con- 
stant speed 20 hp size motor including increased starter cost is $210.00. The 
efficiency of the 2-speed motor above is 83 per cent at full load full speed, and 
79 per cent for full load at H speed. At H speed, full load is total bhp of 
full load full q[»eed. 

Discuss the considerations involved in making a decision as to whether a single 
unit with a 20 hp motor of the 2 speed type would be used in preference to 
2-10 hp constant speed units. 

The cost of 2-10 hp 10 ton units m excess of 1-20 hp, 20 ton unit with 2-speed motor, is 
$830 00— $210 00 or $620.00, mcreased first cost. At 15 per cent fixed charges, this 
represents an increased annual cost of $93 00 for 2 compressors over one compressor. 
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The advantage of 2 compressors instead of one compressor on an installation of this type, 
IS in the breakdown ser\’’ice provided m the event one compressor is shut down for repairs 
the system could be operated at one-half capacity utilizing the duplicate machine The 
motor efficiency of the constant speed unit would be higher at full load than would be 
the efficiency of the 2-speed motor at low speed Offsetting this latter ad\’antage 
however, is the fact that the condenser on the condensing unit would pro\ude a lower 
refngerant condensmg temperature for load operation with the same final condensing 
water temperature than would be the case with duplicate units each furnished with its 
own compressor and condenser Operation at a lowrer condensing temperature would 
provide for a power savmg compensating for the lower effiaency of the 2-speed motor 
when operated at slow speeds It is, in a case of this kind, purely a question as to "whether 
or not the purchaser would deem an investment of S620 00 more and an increased fixed 
charge of $93 00 a year, advisable to get breakdown service thru the installation of 
duplicate units In most cases, this increased first cost would not be warranted because 
of the fact that satisfactory indoor conditions could not be obtained at full load if only 
one-half the refngeration capacity w’ere available. 


3 • For an increased first cost of $210.00 for a 20 hp, 2-speed motor over a 20 hp 
constant speed motor to be used on a Freon automatic condensing unit for air 
conditioning duty, justify the increased investment based on a load factor of 
62.5 per cent, on an operating basis of 1000 hours total of "wbicb % of the opera- 
tion of the r^rigeration eq[uipment would heat H load and ^ of the operation 
season at full load. Motor efficiency 2 speed, ^ per cent, at full speed; and 
79 per cent at half speed. Motor efficiency constant speed motor 83 per cent. 
City water is to be used for condensing purposes and is to he automa'tically 
controlled from the discharge pressure by means of automatic regulating 
valve. Compute increased first cost justifiable based on 15 per cent fixed charges 
and number of years required to pay off increased first cost. 

At full load for 20 bhp load and 83 per cent efficiency, the kw input to the compressor 
motor would be 20 bhp times 0.746 kw per bhp divided by 83 per cent motor efficiency 
or 18.0 kw. 


At H speed, 

10 bhp X 0 746 kw per hp « j 

= 9 45 kw mput at speed 

For a constant speed motor installation, 1000 hours operation at 18 kw load, requires 
18,000 kwhr per season for operation 

With 2-speed motor 750 hours at H speed and 9 45 kw input = 7080 kwhr. 

For full speed operation, 250 hours at 18 kw input = 4500 kwhr 


The total kwhr required with 2-speed motor = 7080 4500 = 11,580 kwhr. 

From the above it is seen that the power consumption is reduced by the use of a 2-jBpeed 
motor from 18,000 kwhr per year to 11,580 kwhr or approximately a power saving of 
35 per cent annually 

For power at $ 02 per kwhr, 6400 kwhr sa-ving per year would mean a saving of $128 00 
per year which at 15 per cent would justify an increased first cost of $853 00 

Further, the fixed charge added due to the increased first cost of a 2-speed motor w'ould 
be 15 per cent of $210.00, or $31 50 per year, thus the net annual saving after correcting 
for fixed charged due to increased investment would be $128 00 less $31 50 fixed charge 
or a net annual saving of $96.50 with a 2-speed motor based on a power cost of $.02 per 
kwhr. Thus the increased first cost of $210.00 w^ould be returned to the purchaser in 
$210 00 -5- $96.50 or 2 18 years 

Similarly a $ 03 powder the gross saving exclusive of additional fixed charges to mcreased 
cost of 2-speed motor would be $192 00, net saving per year $160.50 and therefore, the 
2-speed motor would pay for itself in 1 31 years 

For $.04 power, the gross saving would be $256 00, net saving, $224 50 and the 2-speed 
motor would be paid for in 0 935 years 

It is safe to assume that any appurtenance which will pay for itself in less than 5 years 
when computed on the above basis, will be accepted by practically all purchasers of air 
conditioning equipment, provided an analysis of the above type is properly presented 
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4 • Discuss the difference in results obtained in cooling and dehumidifying in 
an air washer from those obtained in a surface cooling coil. 

Air leaves a dehumidifying air washer in a saturated condition at a dew point tempera- 
ture which can be easily maintained at a constant level by controlling the spray water 
temperature This saturated air may then be reheated to proper delivery temperature 
by reheating coils or by mixing with by-passed air 

For a set air veloaty and a set mean refrigerant temperature, a given cooling coil is 
capable of absorbing a definite amount of heat Whether the air leaving the coil is 
saturated or not depends then on the entenng dry- and i^et-bulb temperatures From, 
practical operating standpoint, the easiest way to control the output of the cooling coil 
IS by means of the dry-bulb temperature of the conditioned space This means then that 
the final dew point will vary somewhat depending on entenng air conditions. 

Summanzing then, the air washers permit close control over both final dry-bulb and 
final dew point temperatures, while the surface coolers permit close control over the 
final dry-bulb only. 

5 • For condensing purposes, an air conditioning system uses city water which 
has an average 70 F supply temperature. The following table lists the number 
of hotirs per year during which definite wet-bulb temperatures and corre- 
sponding refrigeration rates pertain. 


Wet-Bulb 
Temper uro 


00 

79 - 75 
74 - 70 
69 - 65 
64-60 
59 - 55 
51 - 50 


No. of 
Homs 
per Year 


Refrigeration 

Required 

Tons 


I Total 1200 hours 


If the power requirements of a dichlorodifluorome thane refrigeration system 
are in accordance with the following data on partial load operation, determine 
the seasonal power cost at 2 cents per kwhr; 

Tons of Refrigeration 234 233 183 157 141 79 37 

Kw per ton 0.89 0.89 0.87 0.86 0.86 0.93 0.97 

Seasonal power cost: 


Wir-BtiLB 

TxuraiUTTTas ToisHoubb Ewba 

P 


80 

79 - 75 
74 - 70 
69 - 66 
64-60 
69 - 56 
64 - 60 


6 X 284 - 1,704 
100 X 233 * 23,300 
277 X 183 = 50,700 
330 X 157 » 61,800 
277 X 144 * 39,900 
158 X 79 « 12,500 
52 X 37 « 1,920 


1,704 X 0 89 = 1,617 
23,300 X 0 89 = 20,750 
60,700 X 0.87 = 44,100 
51,800 X 0.80 » 44,600 
39,900 X 0.86 - 34,300 
12,500 X 0 93 * 11,600 
1,920 X 0.97 = 1,800 


181,824 ton-hours 


168,627 kwhr 


The 158,627 kwhr at 2 cents per kwhr will cost $3,173. 

rpL 4 .* Ml u 158,627 kwhr ^ . 

The average consumption will be ^ hours ~ ^ ^ 
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The flash tawh or evaporator of the steam ejector system is of the open type» 
the flash water being pumped directly to the sprays of the washer used for 
cooling the air. 


215 







American SociETy 0/ Heating and Ventilating Engineers Guide, 1937 


Dtchlorodafluorometkane System, 

Power requirements, 

Cooling tower fan 
Cooling tower pump 


17.8 bhp 
30.2 

48 0 bhp 


« . 1 . . . 48 0 bhp X 0.746 X 1200 hr „ 

Power for cooling tower system o.80 motor effici iK^ 

The water cooler in a dichlorodifluoromethane system of the surface type requires no 
additional pumping head other than the friction drop through the cooler, which in this 
problem is estimated to be 10 ft. The total pumping head is, therefore, 75 + 10 = 85 ft. 
Power required for the chilled water system will be, 

1200 gpm X 8 34 lb per gallon X 85 ft head ^ oao 
33,000 ft lb X 0 75 pump effiaency ^ 

34 3 bhpX 0 746 X^200_hr ^ 33 
0 80 motor efficiency 

Thus, the total power required by the auxiliary equipment will be 
53,700 4- 38,300 = 92,000 kwhr 

The 92,000 kwhr at 2 cents per kwhr will cost $1,840 

Tlie power cost of refrigeration, from Question 7, is 2,931 

The total annual power cost, using a dichlorodifluoromethane system, is $4,771 
Steam Ejector System, 

Power requirements. 

Cooling tower fan 35.6 bhp 

Cooling tower pump 47 8 

Total 83 4 bhp 

s. . . 83 4 bhp X 0 746 X 1200 hr oaa i i. 

Power for cooling tower systems motor effiaeS^ 

In the flash tank or water cooler of the steam ejector system, the water is at a pressure 
corresponding to the chilled water temperature required In this case it is at 46 F, which 
corresponds to an absolute pressure of 0.1532 lb per sq in or 0 3118 in. Hg This increases 
the pumping head on the chilled water arculatmg pump by 14.7 — 0 15 » 14.55 lb per 
square inch, or 33.5 ft. The total pumping head is, therefore, 75 0 + 33 5 = 108.5 ft. 

1200 gpm X 8.34 lb per gallon X 108 5 ft head ^ 40 7 uu- 
33,000 ft-lb X 0 75 pump efficiency ™ 

43.7 bhp X 0.746 X 1200 hr ,0 oaa 1 u 

— T “ 48,800 kwhr. 

0.80 motor efficiency 

The total power required by the auxiliary equipment is 

93,300 + 48,800 « 142,100 kwhr 


48,800 kwhr. 


The 142,100 kwhr at 2 cents per kwhr will cost 
Tlie cost of the steam, from Question 8 , is 


The total annual power cost, using a steam ejector system, is $4,771 

These calculations indicate that for the assumptions made, both the dichlorodifluoro- 
methane system and the steam ejector system would cost 2 6 cents per ton-hour to 
operate In order to obtain a complete analysis it would be necessary to compare the 
fixed charges which include interest, depreciation, obsolescence, and maintenance 
These are customarily computed at 15 per cent of the initial cost per annum. To this 
cost must be added the cost of refrigerant make-up per year. In the steam S 3 ^tem this 
cost IS negligible, while in the dichlorodifluoromethane system it may be approximated 
at about 10 per cent of the refngerant charge per year 
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Chapter 12 


HUMIDinCATION, DEHUMIDMCATION AND 
WATER COOLING EQUIPMENT 


Air Washers, Apparatus for Direct Industrial Humidification, 
Spray Generation and Distribution, Self-Contained Humidifiers, 
Atmospheric Water Cooling Equipment, Design Wet-Bulb Tem- 
peratures, Cooling Ponds, Spray Cooling Tovcers, \atural Draft 
Deck Type Toucers, Mechanical Draft Towers, Winter Freezing 


T he several available types of spray equipment are discussed 'in this 
chapter which are used for properly humidifying and dehumidifying 
the air circulated in a comfort or industrial air conditioning system or for 
cooling the condensing water of a refrigeration system. 

Am WASHERS 

An air washer is essentially a chamber in which air is brought into 
intimate contact with water to (a) regulate the moisture content of the 
air, and (b) to wash dust and dirt particles out of the air. The air comes 
in contact with the water by passing it through a spray of water broken 
up into a fine mist or by passing it over surfaces wetted by a continuous 
flow of water; hence the classification: spray, scrubber, and combination 
spray^nd scrubber type washers (See Figs. 1 and 2.) 

A washer chamber may be constructed of wood, or stone’, but it is most 
often constructed of sheet metal. The lower portion of it is specially 
designed as a tank to receive the water dropping through the chamber 
and to serve as a reservoir from which the water may be recirculated. 

It is desirable that air leaving a washer contain no water in suspension, 
and for this reason eliminators are provided at the washer outlet. These 
may be in the form of plates or bafiies upon which the free moisture is 
deposited as the air is deflected through several changes from its original 
direction of flow. 

In some washers, units of either steel wool or special glass fiber sections 
serve as eliminators. However, specially designed sheet metal plates are 
more generally used because they offer the least resistance to the flow of 
air, while performing effectively the function of moisture elimination. 
They also have the advantage of acting as scrubber surfaces when flooded 
When the air has a high sulphur content tending to form a weak acid, the 
eliminators have been constructed of ribbed, wire glass plates set in a 
cypress frame so that frequent renewal will not be necessar>^ 

It is essential to uniform performance in a washer, that air enter evenly 
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distributed over the washer inlet. To insure this, a perforated plate or 
eliminator plates are installed at the inlet. Eliminator plates are now 
more generally used. They serve a second purpose in preventing the 
escape of spray through the washer inlet 

Scrubber type washers, used mainly to wash heavy reclaimable products 
from the air, are generally composed of one to three eliminator type baffle 
scrubber plates across the air stream. Water is supplied at the top ol the 
scrubber plate with flooding nozzles spaced on about one foot centers 
across the top of the washer. The capacity of these nozzles vary with the 
manufacturer but a fair value of 5 gpm may be used. The pressure at the 
nozzle is about 5 lb per square inch. 

Water is supplied to spray type units through atomizing nozzles gener- 
ally arranged in banks across the washer. The nozzles spray cither in the 



Fig. 1. Typical Single Bank Am Washer Fig. 2. Typical Two Bank Air Washer 


direction of the air flow, that is, downstream, or against the air flow, or 
upstream. Nozzle capacities vary with the manufacturer, from to 
2 gpm at a water pressure effective for atomization of about 26 lb per 
square inch. The spacing of spray nozzles is determined by the water 
requirements of the particular installation, A spray type washer may 
contain one, two or three banks of nozzles depending upon its application. 

When an air washer is used for cleaning air it removes impurities and 
dusts. In general it does not function as efficiently in this service as a 
filter. For non-microscopic wettable dust its efficiency averages about 
50 per cent, unless the concentration of dust is high. Its effectiveness in 
removing greasy microscopic dust is practically negligible as is also its 
deodorizing ability. 

When a washer is used to regulate the moisture content of air it adds 
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moisture to (humidifies) or removes moisture from (dehumidifies) the 
air to achieve the desired moisture content. 

When air passes through a washer wherein water is circulated without 
the addition or removal of heat, the air tends to become saturated at its 
entering wet-bulb temperature. What occurs here is partial or complete 
adiabatic saturation. The total heat content of the air is unchanged, 
inasmuch as the dry-bulb temperature of the air drops in proportion to 
the amount of additional water evaporated. This action is also known as 
evaporative cooling. A measure of the washer*s effectiveness under these 
conditions is its saturating efficiency which is equal to the drop in dry- 
bulb temperature in per cent of the entering wet-bulb depression. Other 
things being equal, the saturating efficiency of a spray type washer is a 
function of the number of spray banks and the direction in which they 
spray. The following table gives a general comparison: 

HUMIDIFYING 


1 bank — do^Tistream. 60-70 per cent 

1 bank — upstream . 65-75 per cent 

2 banks — downstream ... 85-90 per cent 

2 banks — 1 upstream and 1 dowmstream 90-95 per cent 

2 banks — upstream 90-95 per cent 

When air passes through a washer wherein the circulated water is 
either cooled or heated before being returned to the spray chamber, a 
heat interchange between the air and water occurs, and the air tends to 
become saturated at the temperature of the leaving water. The extent 
to which the leaving air and leaving water temperatures approach each 
other is an index to the effectiveness of the washer under the operating 
conditions. The total heat absorbed by the water in the process equals 
the total heat given up by the air, or the heat given up by the water equals 
the heat absorbed by the air. Depending on whether the moisture con- 
tent of the air is increased or decreased dunng the operation, humidifi- 
cation or dehumidification occurs. Heat will be added to or removed 
from the air as the water supplied is of a higher or a lower temperature 
than the wet-bulb temperature of the entering air. 

For dehumidifiers the ratio of the difference between the leaving wet- 
bulb and the leaving water to the difference between the entering wet- 
bulb and the entering water may be figured as follows: 

DEHUMIDIFYING 


3 banks — 2 upstream and 1 downstream 0 per cent 

2 banks — upstream — 5 per cent 

2 banks — 1 upstream and 1 do^^nstream 10 per cent 

2 banks — downstream 15 per cent 

1 bank — upstream 20 per cent 

1 bank — downstream 35 per cent 


Humidifiers may be figured on the same basis as dehumidifiers; the 
leaving water temperature, of course, will be higher than the wet-bulb 
temperature of the leaving air. 

The problem of cooling or heating the circulated water before returning 
it to tibe washer chamber is generally external to the unit as illustrated in 
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Fig. 3. It will suffice here to note that heating is generally accomplished 
by passing the water through closed hot water heaters or by injecting 
vSteam into the water circuit, cooling, by passing the water through closed 
coolers or over refrigerating coils in a Baudelot chamber Often in a 
cooling and dehumidifying application, the refrigerating coils are located 
within the washer chamber. 

Washers are sometimes arranged in two or more stages to cool through 
long ranges or to increase the over-all efficiency of heat transfer between 
air and tie cooling or heating medium (water, brine, etc.). A multi-stage 
washer is equivalent to a number of washers in series arrangement. Each 
stage is in eflFect a separate washer. 

Usually the catalog capacity of a washer is expressed in cubic feet of 
air per minute and is based upon an air velocity of 500 feet per minute 
through the gross cross-sectional area of the unit above the water level in 
its tank. At this rating spray type washers handle about 2J^ gpm of 



Fig 3. Air Washer with Spray Water Heating Arrangement 


water per bank per square foot of area, that is, about 5 gpm per bank per 
1000 rfm. These proportions of air, water, area, and velocity may be 
departed from to meet the needs of some particular job, but certain 
limiting relationships should be observed. Two of the more important 
items are: 

a Choose a washer for air velocities above approximately 300 fpm and below 
approximately 600 fpm. Velocities outside this range are likely to result in faulty 
elimination of entrained moisture. 

b When a high saturatmg efficiency is required, select a two or three bank spray 
type unit, having a total water capacity of not less than 15 gpm per 1000 cfm. 

For a single stage air washer, a 15 F drop in wet-bulb temperature of 
the air passing through the washer is about the maximum that should be 
anticipated. For greater decrease in wet-bulb temperature, multi-stage 
washers should be utilized. A rise of 6 F should be the calculated maxi- 
mum for the spray water. 

Brine has been utilized as a cooling medium in place of water in air 
washers to obtain low outlet temperatures impossible with water. How- 
ever, proper elimination of brine spray carry over into the duct work is 
much more difficult than with water. A greater number of air deflections 
should be used in the eliminators, and Ae air velocity maintained at a 
minimum. 

The area of a washer may be dictated by space limitations outside the 
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washer, such as headroom, or by space requirements inside washer, such 
as face area needed by a bank of cooling coils. The length of a washer is 
determined by the number of spray banks, or scrubber plates, and if 
cooling coils are installed in the unit, by the number of banks of coils. 
Roughly, a spray space of about 2 ft 6 in. in length is required for each 
bank of sprays, (the leaving eliminators require about 1 ft 6 in., entering 
eliminators about 1 ft). 

The resistance to air flow through an air washer varies with the type of 
eliminators, number of banks of sprays, direction of spray, air velocity, 
type of scrubber plates, size and type of cooling coils if located in the 
washer. Manufacturers should be consulted to obtain the resistance for 
a particular installation. 

APPARATUS FOR DIRECT INDUSTRIAL HUMIDinCATION 

Apparatus for industrial air conditioning may be di\nded into two 
distinct groups, namely, (1) humidtfiers for increasing the moisture con- 
tent of file air and for producing cooling by evaporation and (2) dehu- 
mtdifiers for removing moisture from the air and for producing cooling by 
contact with water or surfaces at a lower temperature than the air. 

Strictly speaking, humidity control alone, whether it involves humidi- 
fication or dehumidification, is not air conditioning. To be entitled to this 
classification according to the definition in Chapter 44, the process should 
include the simultaneous control of temperature, humidity and air motion. 

Industrial humidifiers may be divided into the following general types, 
according to the method of operation: (1) Direct, which spray into the 
room; (2) Indirect, which introduce moistened air; and (3) Combined 
direct and indirect. 

Spray Generation 

Spray generation is obtained by (1) atomization, (2) impact, (3) 
hydraulic separation, and (4) mechanical separation. 

Atomization involves the use of a compressed air jet to reduce the water 
particles to a fine spray. With the impact method, a jet of water under 
pressure impinges directly on the end of a small round wire. Where 
hydraulic separation is employed, a jet of water enters a cylindrical 
chamber and escapes through an axial port with a rapid rotation which 
causes it immediately to separate in a fine cone-shaped spray. In the 
mechanical separation process, water is thrown by centrifugal forc:e from 
the surface of a rapidly revolving disc and separates into particles suf- 
ficiently small to be utilized in certain types of mechanical humidifiers. 

Spray Distribution 

Spray distribution is obtained by (1) air jet, (2) induction, and (3) fan 
propulsion. 

The air jet which generates the spray in atomizers also carries the spray 
through a space sufficient for its distribution and evaporation, and this 
method of distribution is termed air jeU Where distribution is obtained 
by induction, fiie aspirating effect of an impact or centrifugal spray jet is 
utilized to induce a current of air to flow through a duct or casing, and 
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this air current distributes the spray. Fan propulsion obviously consists 
of the utilization of fans to entrain and distribute the spray. 

Industrial type direct humidifiers are commonly classified as (1) 
atomizing, (2) high-duty, (3) spray and (4) self-contained or centrifugal. 

Atomizing Humidifiers 

There are several types of atomizing humidifiers, all of which rely upon 
compressed air as the atomizing and distributing agency, similar to the 
familiar method used in ordinary nasal atomizers. Compressed air 
(ordinarily about 30 lb per square inch) is supplied from a centrally- 
located air compressor through pipe lines to the atomizing units. The air 
lines are usually horizontal and parallel to water lines which supply 
water by gravity from a float tank. The water in the tank is maintained 
at a constant level slightly lower than the outlets of the atomizers them- 
selves and is drawn constantly to the atomizer by aspiration when com- 
pressed air is supplied. This aspiration ceases and the flow of water stops 
when the air supply is cut off. The water should not be supplied under 
pressure to atomizers because of the possibility of leakage, drip, or coarse 
spray which cannot be permitted when water is supplied by aspiration. 

High-Duiy Humidifiers 

Water is supplied to high-duty humidifiers under high pressure (usually 
about 150 lb per square inch) through pipe lines from a centrally-located 
pumping unit. The spray-generating nozzle which is of the impact type 
is located in a cylindrical casing. A drainage pan provides for the collec- 
tion and return of unevaporated water which flows through a return pipe 
to a filter tank, from which it is recirculated. A powerful air current is 
forced through the humidifier by means of a fan mounted abo\ e the unit. 

The air enters from above, is drawn through the head, charged with 
moisture, and cooled to the wet-bulb temperature. It then escapes from 
the opening below at a high velocity in a complete and nearly horizontal 
circle. The spray is quickly evaporated and the resulting vapor is rapidly 
and thoroughly diffused. This effective distribution of fine spray over 
the meiximum possible area insures complete and extremely rapid vapori- 
zation even at the highest humidities. 

Spray Humidifiers 

This type of humidifier consists of an impact spray nozzle in a cylin- 
drical casing with a drains^e pan below it. The aspirating effect of the 
spray nozzle induces a moderate air current through the casing which 
distributes the entrained spray. The general method of circulating and 
returning the water is similar to that employed for high-duty humidifiers. 
A suitable pump and centrally-located filter tank are required. 

The spray and high-duty types of humidifiers have many features in 
common but the latter, because of its finer spray and greater capacity, 
is often considered better adapted for producing high humidities. 

Self-Contained Huxnidifiers 

The self-contained or centrifugal humidifier has the ability to generate 
and distribute spray without the use of air compressors, pumps, or other 
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auxiliaries. These may be used either singly or in groups. In large 
installations, where suitable connections are pro\nded to permit the 
cleaning and servicing of individual units without affecting the room as a 
whole, group control of the water and power may be employed. 

Where large quantities of power are generated in a limited space and 
where a comparatively high relative humidity is required, it is often 
feasible and economical to use a combination of direct and indirect 
humidification. The indirect humidification provides the desired quantity 
of ventilation and cooling, and the additional direct humidification pro- 
vides for increase in humidity without interfering with the ventilation or 
the cooling effected by the indirect system. 

In general, it may be stated that direct humidification is most satis- 
factory where high humidities are desired but where little cooling, ven- 
tilation or air motion is required. Therefore, the indirect system is most 
applicable where either low or high relative humidities are desired with 
maximum cooling and ventilation effect. For conditions that require an 
unusually large amount of heat to be absorbed by ventilation, together 
with the maintenance of high humidities, it is often preferable to make 
use of the combination system of indirect and direct humidification. If 
the indirect system alone were used it would mean an unusually large 
volume of air to be handled, which might interfere, due to air motion, 
with production, even though it would result in greater cooling effect. If 
direct humidification alone were used, no ventilation would be obtained, 
with consequently higher room temperatures. 

ATMOSPHERIC WATER COOLING EQUIPMENT 

To successfully operate a refrigerating plant or a condensing turbine, 
the heat from the compressed refrigerant or the discharged steam must be 
removed and dissipated. This is accomplished ordinarily by first trans- 
ferring the heat of the gas to water in a heat exchanger. If the plant is 
situated on the banks of a river or lake, an intake may be had upstream or 
at a considerable distance from the discharge, to prevent mixing of the 
heated discharged water with the inlet water. If the source of water is a 
city supply or well water, the discharge water may be run into the nearest 
sewer or open waterway. Lacking an unlimited water supply, or in cases 
where city water is too expensive or where the water available contains 
dissolved salts which would quickly form scales on the heat-exchanging 
apparatus, it is necessary to recirculate the water, and to cool it after each 
passage through the heat-exchanger by exposure to air in an atmos- 
pheric water cooling apparatus. 

Air has a capacity for absorbing heat from water when the wet-bulb 
temperature of the air is lower than the temperature of the water with 
whidi it is in contact. The rapidity with which this transfer of heat occurs 
depends upon (1) the area of water in contact with the air, (2) the relative 
velocity of the air and water, and (3) the difference between the wet-bulb 
temperature of the air and the temperature of the water. _ Because the 
changes in rate do not occur in direct proportion to changes in the govern- 
ing factors, data on the performance of atmospheric water cooling equip- 
ment are largely empirical. 

As the heat content of the air increases, its wet-bulb temperature rises. 
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(See Chapter 1.) Because it is impractical to leave the air in contact 
with water for a long enough time to permit the wet-bulb temperature of 
the air and the temperature of the water to reach equilibrium, atmos- 
pheric water cooling equipment aims to circulate only enough air to cool 
the water to the desired temperature with the least possible expenditure 
of power. 

In an air washer, humidifier or dehumidifier, the air is first conditioned 
by water to change its moisture and temperature, and it is then sent to 
the place where it is to be used. In water cooling equipment the tem- 
perature of the water is reduced by air, and the cooled water is carried to 
its point of usage. In the air washer, an excess of water is used to con- 
dition a fixed quantity of air, while in water cooling equipment, an excess 
quantity of air is used to cool a fixed quantity of water. 

Both types of equipment have a common basis of design, however, in 
that the size of the equipment is determined by the quantity of air that 
must be handled. With the air washer, the size of the equipment is fixed 
by the quantity of air to be conditioned, and the amount of conditioning 
is controlled by the quantity and temperature of the water supplied and 
its method of application With water cooling apparatus, its size and the 
quantity of air required bear no direct relation to the quantity of water 
being cooled, but vary through a wide range for different services and 
conditions. 

Sizes of Equipment 

Assuming a definite quantity of water to be cooled, the size and design 
of atmospheric cooling equipment are affected by the following factors * 

1. Temperature range through which the water must be cooled 

2 Number of degrees above the wet-bulb temperature of the entering air to which 
the water temperature must be reduced 

3. Temperature of the atmospheric wet-bulb at which the required cooling must be 
performed. 

4. Time of contact of the air with the water. (This involves height or length of the 
apparatus and velocity of air.) 

5 Surface of water exposed to each unit quantity of air. 

6. Relative velocity of air and water 

Items 1, 2j and 3 are established by the type of service and geographical 
location, while items 4, 5, and 6 depend upon the design of the equipment. 

The establishment of a proper cooling range depends upon: 

1 Type of service (refrigerating, internal combustion engine and steam condensing). 

2, Wet-bulb temperature at which the equipment must operate satisfactorily. 

3 Type of condenser or heat-exchanger used. 

Because the design of an entire plant is usually affected by the quantity 
and temperature of the cooling water supply, plants should be designed 
for cooling water conditions which can be most efficiently attained. The 
first consideration is usually the limiting temperature of the plant. For 
example, if an ammonia compressor refrigerating plant is to be designed 
for 185 lb head pressure as a normal maximum, the limiting temperature 
of the ammonia in the condenser is 96 F. Should the ammonia tempera- 
ture go above this figure the head pressure will exceed 185 lb and power 
consumption increases. To obtain this head pressure, the temperature of 
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the circulating water leaving the condenser must always be less than 96 F 
by an amount depending upon the size and design of the condenser, the 
quantity of water being circulated, and the refrigerating tonnage being 
produced. A condenser having a large surface per ton of refrigeration 
may be designed to operate satisfactorily with the leaving hot water 
temperature within 3 or 4 F of the ammonia temperature corresponding 
to the head pressure, while a small condenser might require a 10 F 
difference. 

Table 1 lists several gases with data as to the temperatures and pres- 
sures for which commercial condensers are designed. Internal combustion 
engines have limiting hot water temperatures of 125 F to 140 F. The 
cooling of such fluids as milk or wort has variable requirements and is 
usually done in counter-flow heat-exchangers m which the leaving circu- 
lating water is at a much higher temperature than is the leaving fluid. 


Table 1. Condenser Design Data 


Gas 

MixnnjM Pbussttrs 
Dbbired in 
CONDBNBIB 

Gas Tsvipsratubx 

IN CONDBNSBR 

F 

Lbavins Hot Water Tbupbratuhe 

P 

Best Design 

Ayerage Design 

StPATTl 

2S in* vacuum 

99 7 

97 

93 

Steam.. _ 

27 in. vacuum _ 

114 3 

no 

105 

StPAm___ 

26 m vacuum 

126 0 

120 

114 

Ammonia 

185 lb gage 





head pressure 

96 0 

92 

88 

Carbon dioxide.. 

1030 lb gage 





head pressure 

86.0 

83 

81 

Methyl^ 

102 lb gage 




rhloride 

head pressure 

100.0 

96 

92 

Dichlorodi- 

117 lb gage 




fluoromethane 

head pressure 

100.0 

96 

93 


The temperature range, once the hot water temperature is approxi- 
mately known, depends upon: 

1 Maximum wet-bulb temperature at which the full quantity of heat must be 
dissipated. 

2. Efficiency of the atmospheric cooling equipment considered 

Design Wet-Bulb Temperatures 

The maximum wet-bulb temperature at which the full quantity of 
water must be cooled through tibe entire range is never, in commercial 
design, the maocimum wet-bulb temperature ever known to ejdst at the 
location nor the average wet-bulb temperature over any period. The 
former basis would require atmospheric cooling equipment several times 
greater than normal size, and the latter would result during a large part of 
the time, in higher condenser water temperatures than those for which the 
plant was designed. For instance, the maximum wet-bulb temperature 
recorded in New York City is 88 F, and the July noon average for 64 
years is dose to 68 F. Yet in the years 1925 to 1931, indusive, there were 
but 6 hours per year when the wet-bulb temperature reached 80 F or more, 
and there were 975 hours in the average summer Qune to September, 
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inclusive) when the wet-bulb temperature was 68 F or above. As these 
975 hours represent a third of the summer period, cooling equipment 
based upon the noon average July wet-bulb of 68 F would be inadequate. 
Commercial practice is to choose a wet-bulb temperature for refrigeration 
design purposes which is not exceeded during more than 6 to 8 per cent 
of the summer hours (75 F for New York City), with somewhat lower 
requirements for steam turbines and internal combustion engines. This 
difference is made because the heaviest load on a refrigerating plant is 
coincident with high wet-bulb temperatures, whereas the heaviest electric 
power demand occurs either in the winter or after nightfall in summer, 
when the wet-bulb temperature is low. Table 1, Chapter 8, shows safe 
design wet-bulb temperatures which will not be exceed^ more than 8 per 
cent of the time in an average summer. 

Knowing the hot water temperature and the wet-bulb temperature for 
which the equipment must be designed, the cold water temperature must 


Table 2 Efficiency of Atmospheric Water Cooling Equipment 


Cooling EFiricmNCY—Patt CaNT 


Equipment 



Mumnum 

Usual 

MuTimum 

Spray Ponds 

30 

46 to 66 

60 

Spray Towers 

Natural Draft Deck or Atmospheric 
Towers 

40 

45 to 55 

60 

36 

.50 to 70 

90 

Mechanical Draft 

35 

65 to 76 

90 


be chosen to place the requirement within the efficiency range of the type 
of atmospheric water cooling apparatus to be used. Efficiency of atmos- 
pheric water cooling apparatus is expressed as the percentage ratio of the 
actual cooling range to the possible cooling range. Since the wet-bulb 
temperature of the entering air is the lowest temperature to which the 
water could possibly be cooled this is: 

Percentage cooling efficiency of atmospheric water cooling equipment * 

(hot water temperature — cold water temperature ) X 100 
hot water temperature — wet-bulb temperature of entering air 

Efficiencies of various t 3 q)es of atmospheric water cooling apparatus 
vary through wide limits, depending upon air velocity, concentration of 
water per square foot of area, and the t 5 ^e of equipment. The commercial 
range of efficiencies is given in Table 2 although unusual designs may 
operate outside these ranges. 

From consideration of the factors which include the cooling range and 
design wet-bulb temperature, the quantity of water required can be 
calculated from the amount of heat to be dissipated. The normal amounts 
of heat to be removed from various parts of the cooling equipment are: 

Compressor refrigeration 220 to 270 Btu per minute per ton 

Condenser turbine 960 to 980 Btu per pound of steam 

Steam jet refrigerating apparatus 10.30 to 1160 Btu per pound of steam 

Diesel engine 2800 to 4600 Btu per horsepower 
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Cooling Ponds 

A natural pond is often used as a source of condensing water. The 
hot water should be discharged close to the surface at the shore line, as 
natural air movement over the surface of the water will cause evaporation 
and carry away heat. Because increased density due to the loss of heat 
causes the cooled water to sink to the bottom of the pond, the suction 
connection for intake water should be placed as far below the surface as 
possible, and at as great a distance from the discharge as practicable. 

Spray Cooling Ponds 

The spray pond consists of a basin, above which nozzles are located to 
spray water up into the air. Properly designed spray nozzles break up the 
water into small drops, but not into a mist because the individual drops 
must be heavy enough to fall back into the basin and not drift off. The 
water surface exposed to the air for cooling is the combined area of all the 
small drops. Since the rate of heat removal by atmospheric water cooling 
is a function of the area of water exposed to the air, the difference in 
temperature between the water and the wet-bulb temperature of the air, 
the relative velocity of air and water, and the duration of contact of the 
air with the water, a much larger quantity of heat may be dissipated in a 
given area with the spray pond than with the cooling pond, because of (1) 
Sie speed with which the drops travel as they are propelled into^ the air 
and fall back into the water basin, (2) the increas^ wind \ elocity at a 
point above the surrounding structures or terrain, (3) the increased 
volume of air used, and (4) the vastly increased area of contact between 
air and water. 

Spray pond effiaenaes are increased by (1) elevating the nozzles to a 
higher point above the surface of the water in the basin, (2) increasing the 
spacing between nozzles of any one capacity, (3) using smaller capacity 
nozzles, to decrease the concentration of water per unit area, and (4) 
using smaller nozzles and increasing the pressure to maintain the same 
concentration of water per unit area. Usual practice is to locate the 
nozzles from 3 ft to 6 ft above the edge of the basin, to supply from 5 lb to 
12 lb pressure at the nozzles, using nozzles spraying from 20 gpm to 
60 gpm each and spacing them so the average water delivered to the 
surface of the pond is from 0.1 gpm per square foot in a small pond to 
0.8 gpm per square foot in a large pond. 

Increasing the pressure, spacing the nozzles farther apart, or increasing 
the elevation of the nozzles will increase the cross-section of spray cloud 
exposed to the air, and therefore increase the quantity of air coming in 
contact with the water. Best results are obtained by placing the nozzles 
in a long rdatively narrow area located broadside to the wind. 

Spray ponds may be located on the ground if they have an earthen or 
a concrete basin, or they may be placed on roofs having special waterproof 
roofing. To prevent excessive dnft loss, or the carrying of entrained 
Water beyond the edge of the pond by the air on the leeward side, louver 
fences are required for roof locations and for those ground locations where 
space is so restricted that the outer nozzles cannot be located at least 
20 ft to 26 ft from the edge of the basin. Such fences usually are con- 
structed of horizontal louvers overlapping so the air is forced to turn a 
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corner in passing through the fence, and the heavier drops of water are 
thrown back, owing to their inertia. The louvers also restrict the flow of 
air, particularly at the higher wind velocities, and thus further reduce the 
possibility of water being carried off. The height of an effective fence 
should be equal to the height of the spray cloud. Louver boards are 
preferably of red gulf cypress or California redwood supported on cast- 
iron, steel or wood posts. Where building ordinances forbid the use of 
combustible materials, sheet metal is customarily used. 

Algae formations may be a considerable nuisance in a spray pond. 
Such growths are killed by the periodic addition of potassium permanga- 
nate to the pond water. Addition of the dissolved chemical should be 
made until the water holds a faint pink color for at least 15 min. 


CAPACITY FACTORS FOR UPPER CURVES 



Fig. 4. Natural Draft Cooling Tower Design Curves for 
Determining Capacity Factors 


Spray Cooling Towers 

Where not more than 30,000 Btu per minute are to be dissipated, the 
spray cooling tower is a satisfactory apparatus. The word tower in this 
connection is somewhat of a misnomer as the apparatus is essentially a 
narrow spray pond with a high louver fence. As usually built, the nozzles 
spray down from the top of the structure and the distance from the center 
of the nozzle system to the fence on either side is not more than half the 
distance that the nozzles are elevated above the water basin. Heights 
range from 6 ft to 15 ft and the total width of a structure is not usually 
greater than its height. Spray cooling towers occupy less space on small 
jobs th^ spray ponds of equivalent capacities because the towers have 
a capacity of from 0.6 gpm to 1,5 gpm per square foot of tower area. The 
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louvers are continually wet, and so add to the surface of water exposed 
to the cooling air. 

Natural Draft Deck Type Towers 

In past years most of the atmospheric water cooling on refngeration 
work has been done with natural draft deck type towers, which are also 
referred to as vnnd or atmospheric towers. These towers consist of heavy 
wooden or steel framework from 15 ft to 80 ft high and from 6 ft to 30 ft 
wide, having open horizontal lattice-work platforms or decks at regular 
.intervals from top to bottom, and a catch basin at the foot. The hot 
water is distributed over the upper part of the structure by means of 
troughs, splash heads, or nozzles, and it drips from deck to deck down to 
the basin. The object of the decks is to arrest the fall of the water so as to 
present efficient cooling surfaces to the air, which passes through the 
tower parallel to the decks. The decks also add to the area of water 


Table 3 Natural Draft Spray Distribution Cooling Tower Design 
Sizes and Coefficients 


COBFFICIBNT 

K 

(Fobmxtla 1} 

No OP 

Dkcks 

Decs 

Spacing 

Ft Centers 

UVET 

Length 

Ft 

Deck 

Width 

Ft 

2860 

9 

3 

11 75 

12 0 

3430 

11 

3 

11.75 

12 0 

3620 

17 

1 5 

11 75 

12 0 

4390 

21 

1 5 

11 75 

12 0 


surface exposed to the air, but since they furnish a resistance to air flow, 
too many decks are a detriment. 

To prevent the loss of water on the leeward side of the tower, wide 
splash boards are attached at regular intervals from top to bottom. These 
boards or louvers extend outward and upward, and in most designs the 
top edge of each louver extends above the bottom edge of the one above it. 

Efficiency of a deck tower is improved, within limits, by increased 
height, increased length, or increased width. The first two incre^ the 
area of water exposed to the wind, and the latter increases the time of 
contact of the air with the water. 

A rating formula has been developed for determining the number of 
standard tower sections based upon the values given in Table 3 and the 
capacity factors obtained from Fig. 4 with estimated design water and 
air temperatures. The rating formula is, 


where 


^ K 


( 1 ) 


N = number standard tower sections required. 

Q =* quantity water arculated, gallons per minute 

Cl = capacity factor corresponding to temperature water leaving tower. 

Ca = capacity factor corresponding to temperature water entenng tower 


Example 1 It is desired to cool 1000 gpm of water from 100 to 80 F in a natural 
draft cooling tower utdizing spray distribution based upon an outside design wet-bulb air 


229 





American Society of Heating dnd Ventilating Engineers Guide, 1937 


temperature of 70 F. Determine the number of standard tower sections required for 
these conditions if each section has a unit length of 11 75 ft and a deck width of 12 ft 
with 11 decks arranged vertically on 3 ft centers 

Solution Refer to Fig 4 and determine capacity factors for insertion in Formula 1 
With an entering water temperature of 100 F follow horizontally left to the 70 F air 
temperature curve and read on the upper scale a capacity factor Ci = 11 65 Similarly 
for leaving water temperature 80 F, Ci = 24 00 Select from Table 3, for the design 
conditions stated a co^cient K = 3430 Substituting in Formula 1 


_ 1000 (24 00 - 1^65) 
^ “ 3430 “ 


3 6 sections 


Select 4 sections which would result in space requirements of 4 (11 75 X 12) * 563 * 
sq ft of area on decks 


Wind Velocities on Natural Draft Equipment 

Since natural air movement is the prime requirement for a deck type 
tower, spray cooling tower, or spray pond, the apparatus must be de- 
signed to produce the desired cooling on days when the wind velocity is 
below average when the wet-bulb temperature is at the maximum chosen 
for design, and when the plant is operating at full load. The apparatus 
must also, for best results, be located with its longest axis at right angles 
to the direction of the prevailing hot weather breeze. Table 1 Chapter 8, 
gives the average summer wind velocities and directions in representative 
cities. Natural draft cooling equipment should be designed to operate 
properly with not more than one-half of the average wind velocity, and in 
no case should it need a wind velocity of more than 6 mph. It is obvious 
that natural draft towers and other natural draft equipment must be so 
located that they are not obstructed by trees, buildings, or other wind 
deflectors. 


Mechanical Draft Towers 

Mechanical draft towers usually consist of vertical shells, constructed 
of wood, metal, or masonry, in which water is distributed uniformly at the 
top and falls to a collecting basin at the bottona. The inside of the tower 
may be filled with wood checker-work over which the water drips, or the 
water surface may be presented to the air by filling the entire inside of the 
structure with spray from nozzles. Air is circulated through the tower 
from bottom to top by forced or induced draft fans. Since the air flows 
counter to the water, the air is in contact with the hottest of the water 
just before leaving the top of the tower, and each unit of air picks up more 
heat than a similar unit would on natural draft equipment, so the me- 
chanical draft tower cools water by using less air than the other types of 
equipment need. As movement of the air through the towers is obtained 
by power-consuming fans, it is essential that the air used be reduced to a 
minimum so as to secure the lowest possible operating cost. 

The efficiency of a mechanical draft tower is increased by increasing 
height, area, or air quantity. Increasing the height increases the length 
of time the air is in contact with the water without affecting seriously the 
fan power required, but it increases the pumping power needed. In- 
creasing the area while maintaining constant fan power increases the air 
quantity somewhat and because of louvered velocities it increases the 
time this air is in contact with the water. The surface area of water in 
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mechanical draft towers vary from 250 fpm to 600 fpm over the gross area 
of the structure. 

Mechanical draft water cooling equipment may be set up inside build- 
ings, where it usually draws its air supply from the general space in which 
it is installed, and discharges its exhaust air through a duct to the outside. 
Indoor cooling towers may be either of the wood-filled or the spray-filled 
type. In many cases where little height but considerable area is available, 
water is cooled in a spray-filled structure similar to an air washer, with 
the air passing horizontally through the apparatus and being discharged 
through a duct to the outside. Such apparatus does not have the counter 
flow advantage of the vertical mechanical draft water cooling equipment, 
and therefore requires a much larger excess of air for proper operation. 
Air velocities and operating powers are considerably above those required 
by vertical mechanical drsit water cooling equipment. 

Data are given in Table 4 for determining the tower area based upon 
the water cooling range, and the difference between the air wet-bulb 
temperature and the cooling water temperature leaving the tower, 
frequently referred to as the approach to the wet-btdb. The values given in 
this table are based on an air velocity of 300 fpm through the tower. 

For a specific installation, manufacturers should be consulted, since 
the data on water cooling equipment included in this chapter are for 
general application only. 

Example 2 Based on the design data given in Example 1, determine the size of 
mechanical draft cooling tower to cool the same amount of water if an air velocity of 
300 fpm is used through the tower and a spray eliminator is located at the top of the unit. 

Solutwn With an air wet-bulb temperature of 70 F and a leaving water temperature 
of 80 F, the approach to the wet-bulb is 10 F The cooling range is equal to the water 
temperature difference of 100 and 80 F or 20 F From Table 4 a value of 0.47 sq ft of 
tower area per gallon of water is selected for an approach of 10 F and a 20 F cooling range 
With a 70 F wet-bulb air temperature the correction factor is 1 00 

1000 X 0 47 X 1 0 = 470 sq ft of tower area 


Make-Up Water 

Since the atmospheric water cooling equipment performs its functions 
chiefly by evaporating a portion of the water in order to cool the re- 
mainder, there is a continual drain on the quantity of water in the system, 
and this loss must be replaced. Approximately 1 gal of water is lost for 
every 1000 gal of water cooled per degree of cooling range; so if 1000 gpm 
of water are cooled through a 10 F range, 10 gpm of water will be re- 
quired to replace evaporated water. Replacement supply is usually 
regulated by a float control valve. Because the evaporation of the water 
leaves behind the salts which the water contained, high concentration of 
salts may make chemical treatment of the make-up water necessary to 
avoid excessive deposits in the condensers. 

Winter Freezing 

If atmospheric water cooling equipment is operated in freezing weather, 
the water may be cooled below freezing temperature so ice forms and 
collects until its weight causes damage. To obviate freezing during con- 
tinued operation, the efficiency of the apparatus may be lowered. This 
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Table 5 Comparison of Various Types of Atmospheric Water Cooling Equipment 

Figures indicate order of desirability 



CooLiKa 

Pond 

SPRiLY 

Pond 

SPSiY 

Towbb 

Decs 

Towaa 

MECH4.NICU. 

Draft j 

Indoor 

Towbr 

Cost 

X 

2 

1 

3 

4 

5 


5 

4 

3 

2 

1 

X 

Height . 

1 

2 

3 

4-5 

4-5 

z 

Weight per square foot 

X 

z 

1 

3 

4 

2 

Independence* of wind velocity 

6 

3 

4 

5 

1-2 

1-2 

Drift nuisance 

1 

6 

5 

4 

2-3 

2-3 

Make-up water required 

1 

6 

5 

4 

2-3 

2-3 

Pumping head 

1 

2 

3 

4^5 

4-5 

6 

Maintenanre 

2 

1 

3 

4 

5 

6 

Suitability for congested districts 

X 

5 

4 

3 

1 

2 

Water quantity required for definite 







result— 

6 

5 

4 

1-2 

1-2 

3 


xNot comparable 


is done on the spray pond and the spray cooling tower by reducing the 
quantity of water fed to the apparatus, thereby lowering the pressure at 
the nozzles and increasing the size of the drops product. On the deck 
tower the upper system may be shut off and a secondary distribution 
system put in service midway down the height of the tower. The water 
will be kept above freezing because it will have shorter contart with the 
air. The mechanical draft tower can be protected by reducing the air 
flow through the tower, by stopping or reducing the speed of the fans, or 
by partially closing dampers. 

If the system is operated intermittently in freezing weather, water in 
the basin may freeze and the expansion of the ice may do harm. Freezing 
during intermittent operation can be prevented only by draining the 
water basin when it is out of service. On small roof installations, a tank 
large enough to hold all the water in the system is often installed inside 
the building and the basin is drained into tiiis by gravity, the pump suc- 
tion being taken from this inside tank. 

A comparison of various types of water cooling equipment is given in 
Table 5. 


PROBLEMS IN PRACTICE 

1 • What performance tests should be given air washers? 

a. Capacity, h Resistance, c. Visible entrainment of free moisture, and d. Humidifying 
or dehumidifymg effiaency 

2 # What are different types of air washers? 

a. Spray, &. Wet scrubber, and c. Combination spray and scrubber 

3 • Upon what air velocity are air washers usually rated? 

500 fpm through the area above the tank. 

4 • What is the difference between direct and indirect humidification? 

Direct humidification signifies that the humidifiers are within the space to be humidified 
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with distribution produced by the number of humidifiers With diiecl huniidificdtion 
there is relatively little air movement 

Indirect humidification signifies that the air is drawn from the enclosure and passed 
through the humidifier (air washer) and distributed by means ol a duct system 

5 • Where is direct humidification desirable? 

Direct humidification is desirable where high humidity is reejuired accompanied with 
cooling, ventilation, or air motion 

6 • Where is indirect humidification desirable? 

Indirect humidification is desirable when high humidity is required with simultaneous 
removal of heat by ventilation 

7 • Why do cooling towers give best results when the humidity of the air is low? 

The cooling of the water by dropping it through the air depends mostly uiJon the evapor- 
ation of the water. If the relative humidity of the air is low, the water \ apor will be 
readily absorbed and carried away, while if the relative humidity is high, its capacity to 
pick up water vapor is less and the water is cooled less with the same exposui c to the air 

From Table 5, the final temperature would be approximately 78 2 F 

8 • What are some of the advantages and disadvantageous of a forced draft 
cooling tower compared with a natural draft wind tower? 

Advantages • a Does not depend on wind, b More adjustable as to space requirements, 
and c Higher efficiency. 

Disadvantages a Higher first cost, b Higher pumping head, and c. Higher maintenance 
cost 

9 • What wet-bulb temperature for outside air is usually sclecled in air con- 
ditioning design when cooling is to be accomplished? 

One which is not exceeded more than 6 to 8 per cent ol the time in the locality where the 
plant is situated 

10 • Where should the suction connection be placed in a cooling pond? 

As far below the surface as possible and as far away from the dischaige as practicable. 

11 • What chemical is used to kill algae formation in spray ponds? 

Potassium permanganate. 

12 • What is the usual amount of spray water delivered to a cooling pond per 
square foot of area? 

From 0 1 gpm on small sizes to 0 8 gpm on large sizes. 

13 • About how much water is lost by evaporation in atmospheric cooling? 
About 1 gal per 1000 gal for each degree of cooling range. 

14 • How is freezing obviated in cooling pond sprays? 

The pressure and quantity of water is lowered so that the drops become larger in size 
and do not freeze so readily. 
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Chapter 13 


UNIT HEATERS, VENTILATORS, AIR 
CONDITIONING AND COOLING UNITS 


Classification of Unitary Equipment and Related Systems^ Unit 
Heaters, Hqating Medium, Estimating Heat Losses, Air Tem- 
peratures, Output of Heaters, Direction of Discharge, Boiler 
Capacity, Quietness, Piping Connections, Unit Ventilators, Split 
and Combined Systems, Vents, Cooling Units, Air Conditioning 
Units, Heating, Humidifying and Dehumidification, Filtering, 
Lncatwn of Units, Air Distribution, Residential Central System 
Units, Capacities, Costs, Accessories to Unitary Equipment 

I N other chapters, complete descriptions have been given of heating, 
cooling, ventilating, humidifying, and dehumidifying systems. These 
descriptions have covered the detailed principles of each and have, in 
gener^, described the assembled equipment included in the complete 
systems. The success of such completely engineered, heating, cooling, 
and air conditioning systems has inevitably led to the production of 
smaller factory-assembled equipment employing a majority of the 
prinaples of these complete systems. As a result, present day practice 
involves the use of this unitary equipment in the majority of smaller 
installations where capacity demands are within the limits of such units. 
Thus, unit heaters, unit ventilators, cooling units and air conditioning 
units have come to occupy a place of their own in the industry. 

With the growth of this unitary industry, it becomes increasingly 
evident that there is no sharp line of demarcation, on the basis of capacity, 
between a umt and a central station system. Definitions contained in a 
code, Standard Method of Rating and Testing Air Conditioning Equip- 
ment^ have helped to clarify and identify the various types available. 

A unit is a factory-made encased assembly of the functional elements 
indicated by its name, such as air conditioning unit, room cooling unit, 
humidifying unit, etc. Such units are shipped substantially complete or 
built and shipped in sections so that the only field work necessary is the 
assembling together of the sections, without resorting to any field fabri- 
cation. A unit of this type may be complete in itself, employing its own 
direct means of air distribution and sources of refngeration or heating, in 
which case, it thus represents a complete self-contained unit. Or it may 
be coupled with separate means of air distribution such as duct work and 
outlets, in which case, it will still be considered as a unit system, in dis- 


iProposed code prepared by Joint Committee of Amencan Society of R^igeratmg Engineers, American 
Society op Heating and Vbntiia.ting Engineers, R^geratvng Machinery Association, National Electnc 
Manufacturers Association and Air Conditioning Manufacturer^ Associatton, 
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tinction to the generally accepted term of a field fabricated central station 
system. The manufacturer of the unit is responsible for the output and 
performance of the unit under rated conditions, whereas the contractor 
installing the complete unitary system is normally held responsible for 
the complete performance of the system 

Unit equipment justifies its existence due to the following features: 

1 Lower cost per unit capacity. Standardized design and volume production makes 
possible low cost factory assembly thereby eliminating individual design and handling 
of every part for each installation 

2 Flexibility and mobility of equipment. Unitary equipment can be readily located 
in existing buildings without the necessity of running large ducts through floors and 
many partitions Such equipment can be shifted to meet changing requirements 
Tenants may obtain the advantages of conditioning when the entire building is not 
equipped with a conditioning system. In industnal process work, the flexibility of 
unitary equipment is also advantageous. 

3. Lower installation costs. The fact that the equipment arrives on the job in an 
assembled condition, coupled with the lesser problems of duct work and connecting 
piping, materially reduces installation costs. 

4. Small capacities The small capacities available in unitary equipment have 
brought the advantages of controlled air conditions to a number of small omces, stores, 
shops, and individual rooms where specially designed and built central system equip- 
ment would have been uneconomic. 

This chapter will limit itself in general to a description and discussion of 
the funtions and construction of the units themselves indicating the 
accessory features necessary to complete unitary systems. 

SUB-DIVISION OF UNITARY EQUIPMENT 

For descriptive purposes unitary equipment is sub-divided on a purely 
functional basis. The following definitions are included in the previously 
referred to code^ 

1. A HeaHng Umt is a specifle air treating combination consisting of means for air 
circulation and heating within presenbed temperature limits 

2. A Cookng Unit is a specifle air treating combination consisting of means for air 
circulation and cooling within presenbed temperature limits. 

3. A Hurmdtfying Umt adds water vapor to and circulates air in a space to be 
humidifled. 

4 A Dehumidtfytng Umt removes water from and circulates air in a space to be 
dehumidifled. 

5. An Air Conditioning Unit is a specifle air treating combination consisting of means 
for ventilation, air circulation, air cleaning and heat transfer with control means for 
maintaining temperature and humidity within presenbed limits, 

6. A Cooling^ Atr Conditioning Umt is a specific air treating combination consisting of 
means for ventilation, air circulation, air cleaning and heat transfer with control means 
for cooling and maintaining humidity within presenbed limits. 

7. A Heating A%r Conditioning Unit is a specific air treating combination consisting of 
means for ventilation, air circulation, air cleaning and heat transfer with control means 
for heating and maintaining humidity within presenbed limits. 

8 A SdJ-Contained Air CondiHomng or Cooling Umt is one in which a condensing 
unit is combined in the same cabinet with the other functional elements. 


»Loc Cit Note 1. 
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9 A Free Delivery Type Unit takes in air and discharges it directly to the space to be 
treated without external elements which impose air resistance 

10 A Pressure Type Unit is for use with one or more external elements which impose 
air resistcince 

There has grown up in the industry definite branches, in which the 
engineering and application of the equipment vary quite widely. Thus 
common acceptance recognizes the following groups of the unitary equip* 
ment defined above. 

1. Unit Heaters consisting of an encased heatmg surface through which air is forced 
by means of a fan or blov^er, located either m or closely adjacent to the heated space, 
and normally employed only for industnal and commercial applications. 

2 Unit Ventilators which are similar in pnnciple to unit heaters but are designed to 
use outside air with or without provision for recirculation of the air While unit heaters 
are largely used for commercial and industrial applications, unit ventilators are intended 
pnmanly for school, offices and semi-commercial applications. 

3 Cooling Units which are similar to unit heaters except that a cooling medium is 
used in place of a heating medium and provision is made to collect and remove the con- 
densate Cooling units are normally applied to the cooling of products for their pre- 
servation or processing (commercial air conditioning) and air conditioning units are used 
for cooling for comfort 

4 Air Conditioning Units vihich consist of equipment to provide control of heating 
with humidif)nng or cooling v^ath dehumidifymg, coupled with air circulation , all com- 
pactly housed in a single casing. 

5 MisceUaneous Unit Equipment and Accessories such as filtenng equipment, attic 
fans, humidifying units and special controls 

UNIT HEATERS 

A unit heater consists of the combination of a heating element and fan 
or blower having a common enclosure and placed within or adjacent to 
the space to be heated. Generally no ducts are attached to inlets or 
outlets, although it is common practice with many unit heaters to equip 
them with directional outlets or adjustable louvers. While unit heaters 
were first applied to industrial heating, the constant development and 
improvement of this equipment both as to appearance and quietness has 
broadened its field of application until today unit heaters are available for 
fields extending from large factory spaces to recreation rooms, churclies, 
and offices. 

While unit heaters are designed primarily to handle all recirculated air, 
they may be installed to handle either partial or total outdoor air. 
Compart with the older method of heatmg by means of radiation, 
properly designed and applied unit heaters should : 

1. Circulate air in the building at a rapid rate but without obj'ectionable draft 

2. Reduce the temperature differential between the floor and ceiling. 

3. Direct the heated air so that uniform temperature distribution be obtained 
throughout the heated space. 

4. Prevent or remove the cold stratum of air commonly found at the floor level 

6. Reduce the number of heatmg elements required and thereby decrease the cost 
and extent of the piping necessary. 

6. Maintain a closer control of room temperature either manually or by means of 
simple thermostats 

7. Produce an economy in heating costs resulting from the sum total of the above 
advantages 
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TYPES OF UNITS 

There are two major types of unit heaters, propeller fan type and 
centrifugal housed fan type. The housed fan, high velocity (1500 to 
2500 fpm) discharge units with outlets adjustable to deliver air in several 
directions, are able to project their heating effect over distances of from 
30 ft to as much as 200 ft from the unit This makes possible the location 
of these units at considerable distances from each other, thus reducing 
greatly the piping and loss of floor space due to the heating equipment. 
Propeller-type units, illustrated in Fig. 1, with outlet velocities of from 
300 to 1000 fpm are usually placed from 30 up to 100 ft apart. 

Two methods of application of unit heaters are commonly used. Floor 
mounted units, shown in Fig 2 are available either with or without the 
air by-pass, and withdraw the cold air from the floor and discharge the 
heated air above the working zone. Suspended type units are located in 
an elevated position withdrawing air from this higher level and dis- 
charging the heated air down into the working zone. In closely occupied 
spaces where direct air drafts into the working zone are not permitted, 
the floor mounted unit will give more uniform temperature distribution. 
On the other hand, if opportunity is provided to deliver the heated air 
from suspended units down into the working zone, excellent temperature 
distribution is possible. A suspended high-velocity type unit heater con- 
nected to an outside air intake with damper to control the volume of 
ventilation is shown in Fig. 3. 

A wide variety of structural designs is available. All employ some form 
of convector, supplied with either steam or hot water, although occasionally 
equipped for gas or electric heat. Air is always forced over these con- 
vectors by a fan of either the propeller or centrifugal type. Heating sur- 
faces may be in the form of steel pipe coils, non-ferrous tubes or pipes with 
extended surfaces, cast iron, and pressed or built up sections of the cart- 
ridge or automotive type. 


HEATING MEDIUM 

The convectors of unit heaters or ventilators may be supplied with 
either hot water or steam. When water is used, it should be circulated 
mechanically and the pump rate and friction loss should be based upon 
test data for the particular unit to be employed. Normally the friction 
within the convector is too great for gravity circulation. The heat output 
of a given heater will normally be less when using water than with steam 
at the same temperature, unless high rates of circulation are maintained. 

Either high or low pressure steam may be used but it is essential that 
proper venting of the air from the coil be obtained at all times. Where 
unit heaters are used with outside air in freezing climates, a steam pressure 
of not less than 5 lb at the coil must be maintained due to the possible 
danger of freezing of condensate in the tubes. It is essential that properly 
constructed traps and some form of thermostatic air by-pass be used with 
high pressure steam as well as adequate condensing legs to prevent steam 
in the returns. Increasing the return temperature tends to increase return 
line corrosion, especially at points where overheated condensate or steam 
enters the return line. 
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When low pressure steam is used with unit heaters and ventilating 
units, it is important that proper means be provided for the removal of 
the heavy condensation. Such units should not be applied to low pressure 
gravity return systems except where the difference in heater level and 
boiler water line is large enough to compensate for the pressure loss 
through the convector at its highest condensation rate. The use of 
vacuum or return pumps and receivers is advisable with jobs of any 
considerable size, as the best method of taking care of the condensate and 
at the same time providing for proper venting of the units directly into a 
vacuum return line system, or into an open vented return system, the 
latter having some advantage in preventing the formation of any vacuum 
in the unit itself, which sometimes tends to hold up condensate and causes 
freezing. 

ESTIMATING HEAT LOSSES 

The heat losses of a building to be equipped vdth unit heaters are 
determined in the same manner as for any other heating system, excepting 
so far as the unit heaters may prevent air stratification and thus reduce 
the temperature difference between the ceiling and floor. (See Chapter 7 .) 

Unit heaters may be arranged to recirculate the air or to supply warmed 
air from the outside for ventilation or to make up air exhausted. 

If all or a part of the air is to be taken in from out-of-doors, the heat 
necessary to warm this air from the outside temperature to the inside 
temperature must be added to the transmission or other losses. Units of 
the number and size needed to furnish the total heat required are then 
selected from the manufacturers* rating tables, using these ratings at the 
steam pressure to be used and at the temperature at which the air will 
enter the convector. 


AIR TEMPERATURES 3 

For recirculating heaters with intakes at the floor level, the temperature 
to be maintained in the room should be considered as the temperature of 
the air entering the heater. Where outside air is introduced, the tem- 
perature of the mixture must be calculated and used as the entering air 
temperature to the heater. Where suspended heaters are used without 
any intake boxes extending down to the floor level, a higher entering ^ 
temperature should be used than that at which the room is to be main- 
tained. 

With suspended unit heaters taking air at some distance above the 
floor, the temperature variation from floor to ceiling may reach as much 
as 1 deg for each foot of elevation during the periods when the maximum 
capacity of the heaters is required. Thus this allowance should be made 
in calculating the capacity of suspended heaters. High velocity discharge 
units (blower type) will maintain slightly lower temperature differences 
than will low velocity units (propeller type). Unit heaters taking^ in 
recirculated air at the floor level should maintain temperature differentials 


•Temperature Gradient Observations m a Larre Heated Space, by G L Larson, D W Nelson, and 
0. C. Cromer (A S H V E Transactions, Vol 39, 10.33) 

Tests of Three Heating Systems m an Industrial Type of Building, by G L Larson, D W Ndson, and 
John James (A S H V E, Journal Sbction, Heaitng, P%ptng and A tr Condtltontng, November, 1034) 
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of less than 0.5 deg per foot of elevation when the maximum capacity of 
the heaters is required. This temperature difference per foot of elevation 
is less than the corresponding variations for spaces heated by direct 
radiation. 

Unit heaters save fuel because of their ability to circulate air at a lower 
average temperature than the air circulated by direct radiators; however, 
the unit heaters must circulate more air in any given time than is needed 
with direct radiators. This requires the selection of heaters having a 
liberal air capacity for the required heat output, which in turn means a 
relatively low final temperature. Extremely low final temperatures can 
be had only at the expense of larger heaters and increased power, so that 
an economic limit is imposed. In general, for heating purposes it is 
advisable to use a delivery temperature not more than 70 F above the 
average room temperature desired, and considerably less where possible. 
Since the delivery temperature increases with increase in steam pressure 
with high pressure steam, units should be selected that have a minimum 
heating surface in order to provide outlet air not in excess of 70 F above 
average room temperature. 

OUTPUT OF HEATERS 

It is standard practice to rate unit heaters in Btu per hour at a given 
temperature of air entering the heater and at a ^ven steam pressure main- 
tained in the coil. Steam at 2 lb pressure and air entering at 60 F are used 
as the standard basis of rating^. The capacity of a heater increases as the 
steam pressure increases, and decreases as the entering air temperature 
increases. The heat capacity for any condition of steam pressure and 
entering air temperature may be calculated approximately from any given 
rating by the use of factors in Tables 1 and 2. Table 1 is for blow-through 
and Table 2 is for draw-through unit heaters. These tables are accurate 
within 5 per cent. 

Unit heaters are customarily rated as free delivery type units. If 
outside air intakes, filters, or ducts on the discharge side are used with the 
heater, proper consideration should be given to the reduction in air and 
heat capacity that will result because of this added resistance. 

The percentage of this reduction in capacity will depend upon the 
characteristics of the heater and on the type, design, and speed of the 
fans employed, so that no specific percentage of reduction can be assigned 
for all heaters for a given added resistance. In general, however, disc 
or propeller fan units will have a larger reduction in capacity than housed 
fan units for a given added resistance, and a given heater will have a 
larger reduction in capacity as the fan speed is lowered. When confronted 
with this problem the ratings under the conditions expected should be 
secured from the manufacturer. 

When steam supplied to the heaters contains superheat, the capacity 
of the heater will be but slightly less than with saturated steam at the 
same pressure. Recent tests indicate that the reduction of capacity 


4A.S H V E Standard Code for Testing and Rating Steam Umt Heaters (A S H.V.B Transactiohs, 
Vol 36, 1930) 
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from this cause is negligible for superheat up to 50 cleg and will not 
exceed 33^ per cent for any degree of superheat. 

DmECTION or DISCHARGE 

Heaters may be distributed through the central portions of a room 
discharging toward exposed surfaces, or may be spaced around the walls, 
discharging along the walls and inward as well, especially when there are 
considerable roof losses. 

In general, it is better to direct the discharge from the unit heaters 
in such fashion that rotational circulation of the entire room content is 
set up by the system rather than to have the heaters discharge at random 
and in counter-directions. 

Various types and makes of unit heaters are illustrated in the Catalog 
Section of this edition. Usually hot blasts of air in working zones are 
objectionable, so heaters mounted on the floor should have their discharge 
outlets above the head line and suspended heaters should be placed in 
such manner and turned in such direction that the heated air stream will 
not be objectionable in the working zone. In the interest of economy, 
however, the elevation of the heatei outlet and the direction of discharge 
should be so arranged that the heated air shall be brought as close to 
the head line as possible, yet not into the working zone. In general, the 
higher the elevation of the unit, the greater the volume and velocity 
required to bring the warm air down to the working zone, and conse- 
quently, the lower the required temperature of the air leaving the unit. 

BOILER CAPACITY 

The capacity of the boiler should be based on the rated capacity of the 
heaters at the lowest entering air temperature that will occur, plus an 
allowance for line losses. Ordinarily for recirculating heaters the lowest 
entering temperature will occur at the beginning of the heating period 
and is usually taken as 40 F, while for ventilators taking air from outdoors 
the lowest entering temperature will be the extreme outdoor temperature 
expected in the district. No greater allowance in boiler capacity beyond 
the calculated heat demand need be added in order to supply unit heaters 
than for any other type of system. 

It is unwise to install a single unit heater as the sole load on any 
boiler, particularly if the unit heater motor is started and stopped by 
thermostatic control. The wide and sudden fluctuations of load that 
occur under such conditions would require closer attendance to the boiler 
than is usually possible in a small installation. Where oil or gas is used 
to fire the boiler, it is possible by means of a pressurestat to control the 
boiler, in response to this rapid fluctuation. In most cases, however, and 
particularly where the boiler is coal-fired, it is advisable to use two or 
more smaller heating units instead of one large unit. 

Steam pressures below 6 lb can be used with safety for recirculating 
unit heaters when their coils are designed for the purpose and when 
proper provision is made for returning the condensate. If ventilators are 
to take in air that may be at a temperature below freezing, however, a 
steam pressure of not less than 5 lb should be maintained on the convector 
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or a corresponding differential in pressure between the supply and returns 
be maintained by means of a vacuum. 

QUIETNESS 

Fan speed alone is not a measure of relative quietness of fans having 
different designs and proportions. Quietness is a function of type, 
diameter, blade form and other variables besides speed, and all these must 
be considered. In general for a given design, the higher the fan speed, 
the greater the noise, and centrifugal fans are more quiet than disc or 
propeller fans. 

PIPING CONNECTIONS 

Piping connections for unit heaters are similar to those for other types 
of fan-blast heaters. Typical connections are shown in Figs. 4 and 5. 
One-pipe gravity and vapor systems are not recommended for unit heater 



Fig 4. Unit Heater Connections 
Where Condensation Is Returned 
TO Vacuum Pump or to an Open 
Vented Receiver 



Fig 5 Unit Heater Connections 
Where Condensation Is Returned 
TO Boiler Through Wet Return 


work. For two-pipe closed gravity return systems the return from each 
unit should be fitted with a heavy-duty or blast trap, and an automatic 
air valve should be connected into the return header of each unit. Pres- 
sure-drop must be compensated for by elevation of the heater above the 
water line of the boiler or of the receiver. 

In pump and receiver systems the air may be eliminated by individual 
air valves on the heaters, or it may be carried into the returns the same as 
for vacuum systems and the entire return system be iree-vented to the 
atmosphere, provided all units, drip points, and radiation are properly 
trapped to prevent steam entering the returns. 

On vacuum or open vented systems the return from each unit should be 
fitted with a large capacity trap to discharge the water of condensation 
and with a thermostatic air valve for eliminating the air, or with a heavy- 
duty trap for handling both the condensation and the air, provided the 
air finally can be eliminated at some other point in the return system. 

For high pressure systems the same kind of traps may be used as with 
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vacuum systems, except that they must be constructed for the pressure 
used. If the air is to be eliminated at the return header of the unit, a 
high pressure air valve can be used; otherwise the air may be passed with 
the condensate through the high-pressure return trap, with some danger 
of return pipe corrosion and the problem of its elimination at some other 
point in the system. 

The connections for steam and return piping to unit heaters must 
always be calculated on the basis of the high heat einission or condensation 
rate of such devices. The pipe-size tables given in Chapter 32 may be 
used for unit heater work by multiplying EDR values by 240 to get Btu 
values. 

OTHER TYPES OF UNITS 

All Electric 

The foregoing discussion relates generally to units in which steam or hot 
water is used as the heating medium. On rare occasions electrical 
resistances are used as the heating element. These are applied only where 
electric power is abundant and cheap and where other forms of fuel are 
scarce and expensive. (See Chapter 39.) 

Direct Fired 

A recent development In gas burning equipment is the direct-fired 
industrial unit heater. These heaters are of the warm-air type and are 
equipped with fans which cause the air to pass over the heating surfaces 
at a fairly high velocity and then direct the warm air in to the space to be 
heated. As is the case with the steam-fed unit heaters, the gas-fired 
appliances may be used for heating stores, shops, and warehouses. They 
usually are suspended in the space to be heated and in most instances 
leave the entire floor and wall area free for commercial use. Partial or 
complete automatic control also may be secured on appliances of this 
type. This type of heater is often used for temporary heat during 
building construction or where the installation of a steam or hot water 
plant is for some reason not justified. For permanent installations, it is 
usually advisable to provide an exhaust duct from the gas-fired unit 
heaters to remove products of combustion from the occupied space. 
While this is not necessary in large open industrial plants, in smaller 
closed rooms, it becomes essential. 

Turbine Driven 

Where high pressure steam is available it is sometimes used to drive a 
steam turbine direct-connected to the unit heater. The exhaust from 
this turbine, reduced in pressure, is then passed into the heating coil 
where it is condensed and returned to the boiler. 

INDUSTRIAL USES 

In addition to their prime function of heating buildings, unit heaters 
may be adapted to a number of industrial processes, such as drying 
and curing, with which the use of heated air in rapid circulation with 
uniform distribution is of particular advantage. They may be used for 
moisture absorption, such as fog removal in dye-houses, or for the pre- 
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vention of condensation on ceilings or other cold surfaces of buildings in 
which process moisture is given off. When such conditions are severe, it 
is necessary that the heaters draw air from outside in enough volume to 
provide a rapid air change and that they operate in conjunction with 
ventilators or fans for exhausting the moisture-laden air, (See discussion 
of condensation in Chapter 7.) 

UNIT VENTILATORS “ 

Unit ventilators while designed primarily for ventilation must incor- 
porate controlled heating. Since these units are generally located in the 
occupied space, they must be pleasing in design and must harmonize 



Fig 6. Typical Unit Ventilator Showing One of Many 
Arrangements of Dampers and Heating Coils 


with the furniture or with the decorative scheme. A typical unit venti- 
lator is illustrated in Fig. 6. They usually consist of a semi-decorative 
cabinet containing the following necessary or optional parts: 

1. Outside air inlet. 

2. Inlet damper for closing the opening to the outside air inlet when the unit is not 
in use. 

3 Adhesive or dry type filters for cleaning the air (optional) 

4 A heating element usually of special design and intended for low pressure steam 

5. Motor and fan assembly. 

6. Mixing chamber where warm and cold air streams are brought together (No 
mixing chamber is normally provided where sectional type convectors are used ) 

7 Outdoor air inlet and recirculating air mixing damper (optional). 

8. Device for ozonizing air (optional). 

9. Discharge grille or diffuser. 

10. Temperature control arrangement 


>A roof ventilator is sometimes termed a untt ventilator. For information on roof ventilators, sec 
Chapter 4 
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The primary functions of a unit ventilator are: 

1. To supply a given quantity of outdoor air for ventilation or to mix indoor and 
outdoor air. 

2. To warm the air to approximately the room temperature if the unit is intended for 
ventilation only, or to a higher temperature if it is intended to take care of all or a part 
of the heat transmission losses from the room. 

3. To control the temperature of the air delivered so as to prevent both cold drafts 
and overheating. 

4. To deliver air to the room in such a manner that proper distribution is obtained 
without drafts. 

6 To recirculate room air for the purpose of heating or promoting comfort when 
ventilation is unnecessary 

6. To perform all its functions without objectionable noise. 

In addition to these functions, unit ventilators frequently are arranged 
so that the air supplied may be cleaned by means of filters of either the 
dry or viscous type. If filters are used, the proper allowance must be 
made for the increased resistance offered to the air flow. Humidifiers in 
unit ventilators are rather difficult to control and are only furnished upon 
special order. 

1. Air Supply for Ventilation. The outdoor air supply for ventilation 
Is delivered by motor-driven fans operated at comparatively low speeds, 
the back of the cabinet being connected to the outside through rust-proof 
louvers and screens. Air quantities may be estimated on the basis of data 
given in Chapter 3. (See A.S.H.V.E. Ventilation Standards.) 

2. Warming Incoming Air. The air is heated by passing it through 
specially designed convectors. The amount of heating surface to be 
provided in the unit is determined by the volume of air to be heated and 
the temperature range. If the unit is to be used for supplying air for 
ventilation only, the convector must be sufficient in capacity to maintain 
a final air temperature of about 70 F. If the unit is to be used for heating 
as well as for ventilation, the convector must be sufficient to maintain the 
necessary final air temperature for the conditions involved. 

3. Control of Temperature. This is accomplished by varying the tem- 
perature of the air discharged from the unit (1) by the automatic opera- 
tion of a mixing damper which controls the relative quantities of air 
being blown through the heating unit or by-passed around it, (2) by 
operation of valves on different layers of convector surfaces, or (3) by 
variation in the temperature of the circulating heating medium. 

The outside air inlet, damper and recirculating damper (where one is 
provided) should be so connected that there will be an uninterrupted 
supply of air to the fans at all times the unit is in operation. These 
dampers may be operated by hand or by pneumatic or electric motors 
manually controlled from some central point. 

These dampers may also be linked together, in the form of mixing 
dampers and be controlled by a thermostat in the cold air intake, by a 
differential thermostat acted upon by both the cold air and the recircu- 
lated air, or by a thermostat in the two streams of air after they are 
mixed, so as to keep the relative proportion of air taken in from out-of- 
doors commensurate with outside temperatures and to prevent drafts of 
cold air being blown through the unit into the room. 
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Provision should be made for the inlet damper to close automatically 
whenever the fans are shut down, and not to open until the room is 
properly heated when the fans are again started. The minimum tem- 
perature of the air delivered by the machine should be regulated auto- 
matically by a thermostat in the outlet air which controls the temperature 
of the heated convector, or this minimum temperature may be main- 
tained by properly mixing the inside and outside air by means of the 
mixing dampers under thermostatic control referred to above. Another 
thermostat in the recirculated air intake to the unit or elsewhere in the 
room controls by-pass dampers or the supply of heating medium, or both, 
so as to control the temperature of the air leaving the unit according to 
the heat requirements of the room. In addition to these thermostats, a 
room thermostat is needed to control any other heat sources for the 
room. 

Thermostats for controlling by-pass dampers must be of the inter- 
mediate type to hold the dampers in intermediate positions to prevrat 
objectionable drafts. When direct radiators are used in conjunction with 
unit ventilators, the control is usually arranged so as automatically to 
open the valves to the direct radiators when the room temperature falls 
about 2 deg below the setting of the thermostat for the unit ventilator. 
Another arrangement opens the radiator valve whenever the unit venti- 
lator control reaches the full heating position. Further information on 
this subject is contained in Chapter 14. 

4. Distribution. This function is governed by the proper selection and 
location of the unit. Diffusion and distribution are dependent upon a 
relatively high velocity air stream discharged in a generally vertical 
direction, and in order to insure satisfactory Effusion in the room the less 
the difference between the temperature of the air discharged from the unit 
and that of the room air, the better. With a final temperature above 
110 F, excessive stratification of the air may be experienced. Trouble- 
some drafts may be eliminated to a large extent if a static pressure is 
built up in the room. 

5. Recirculation of air requires less fuel than does the use of all out- 
side air and aids in heating up quickly. Certain units are designed to 
recirculate all air at all times, except when the admi^ion of outside air is 
needed to regulate room temperatures. Under this arrangement, the 
outside air for ventilating purposes is obtained solely from infiltration, but 
the amount thus obtained may or may not be sufficient to meet legal 
ventilating requirements for public buildings. Recirculation of the air in 
schools is therefore prohibited by ordinance in many communities. 
Ventilating systems in schools should be arranged for taking in a suf- 
ficient quantity of air to constitute, with infiltration, not less than 10 cfm 
per occupant of a room. 

6. Quiet Operation. Since the unit ventilator is generally set in close 
proximity to the room occupants, it must operate with exceeding quietness. 

SPUT AND COMBINED SYSTEMS 

In a split system the unit is used primarily for ventilation. Air is 
delivered to the room at very near the room temperature, and enough 
separate direct heaters are placed in the room to warm it to the desired 
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temperature, independently of the unit. Their principal advantage lies 
in ofiFsetting the cooling effect of window and wall surfaces long before 
these can be heated to room temperature and in retaining heat for this 
purpose after the ventilation is shut down. 

Where the unit ventilator selected has a capacity more than sufficient 
to warm the air needed to meet the ventilating requirements, a cor- 
responding reduction may be made in the amount of direct heating surface 
installed. The greater the amount of excess capacity of the unit, the more 
efficient will be the temperature regulation of ^ the room. The split 
system permits the heating of the room during failure of electric current, 
since the direct radiators will furnish heat, but it permits a careless 
operator to avoid operating the ventilating equipment. 

A combined system employs the unit ventilator alone, its capacity being 
sufficient both for ventilation and for supplying the heat loss. Direct 
heating surface is omitted altogether. It becomes necessary then that the 
fan be running whenever the room is to be heated but this also gives 
assurance of ventilation, especially if automatic dampers are used in the 
air intake from out-of-doors and in the recirculating intake arranged so as 
to give a certain quantity of air from the outside (commensurate with 
weather conditions) whenever the unit is operating and after the room is 
heated. The cost of installation of a combined system is usually less than 
that of a split system and there is less danger of overheating, but if the 
electric energy fails there will be practically no heating. 

LOCATION OF UNIT 

The location of the unit ventilator in a room is important. Wherever 
possible it should be placed against an outside wall. It is difficult to 
obtain proper air distribution if the unit is erected either on an inside wall 
or in a comer of the room. Standard units discharge the air stream up- 
ward, but for special cases units may be installed to discharge air hori- 
zontally. Units may be set away from the wall or partially recessed into 
the wall to save space without materially affecting the results. The air 
inlet may enter the cabinet at the back at any point from top to bottom. 

VENTS « 

The size and location of the vent outlet is important. In many cases 
the sizes for public buildings are regulated by law, but the location of the 
vents generally is left to the discretion of the engineer. 

Best results have been obtained with a velocity through the vent 
openings nearly equal to that at which the air is introduced into the room, 
thus maintaining a slight pressure in the room. Calculated velocities at 
the vent openings of from 600 to 800 fpm produce the best diffusion results 
from this system. 

The cross-sectional area of the vent flue itself may be figured on the 
basis of 15 sq in. of flue for each 100 cfm. Thus the vent flue area of a 
Hue for a room equipped with one 1200 cfm unit ventilating machine 


(Investigation of Air Outlets m Class Room Ventilation, by G L Larson. D. W Nelson, and R W 
Kubasta (ASHV.E Transactions, Vol 38, 1932) 

Air Supply to Classrooms in Relation to Vent Flue Opemngs, by F C Houghten, Carl Gutberlet. and 
M P Lichtenfels (A S H V £ Journal Section, Beaitng, Ptptng and Air CondtUontngf June, 1935) 
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would be 180 sq in. The area of vent flue opening from the room may be 
figured on the basis of 26 sq in. per 100 cfm. 

In school buildings provided with wardrobes or cloakrooms the vents 
may be so located that the air shall pass through these spaces, heating and 
ventilating them with air which otherwise would be passed to the outside 
without being used to the best advantage. Many state codes for venti- 
lation of public buildings make this arrangement mandatory. 

There has b^n much controversy over the use of corridor ventilation 
in school building practice, one group holding the view that when each 
classroom has a separate vent flue there is a minimum fire risk and less 
likelihood of cross-contamination, while others emphasize the economy 
features of the corridor discharge and minimize the fire, contamination, 
and other hazards. 


CAPACITIES 

Unit ventilators are available in air capacities ranging from 450 cfm to 
5000 cfm and with corresponding heat capacities (above that required for 
ventilation purposes based upon an outside temperature of zero and an 
inside temperature of 70 F) ranging from 30 Mbh to 144 Mbh (1 Mbh — 
1000 Btu per hour). Some manufacturers furnish a unit with several 
heating capacities for each air capacity, thus enabling the engineer to 
select the unit best adapted to the heating and ventilating load. T 5 q)ical 
capacities are given in Table 3^. 

The amount of heat to be supplied by the unit ventilator will depend on 
the amount of air passed through the unit and the temperature range 
through which the air is heated. The weight of air (W) to be circulated 
per hour is fixed by the ventilating requirements. 

If no direct heating surface (radiation) is installed, the combined 
hating and ventilating requirements must be taken care of by the unit 
ventilators, and the total heat to be supplied is obtained by means of the 
following formulae: 

When all of the air handled by the unit is taken from the outside. 


St =0UW{ty-to) 


(1) 

W = de0Q 


(2) 



(3) 


where 

d = density of air, pounds per cubic foot. 

H ^ heat loss of room, Btu per hour. 

Hy = heat required to warm air for ventilation, Btu per hour. 

Hi =* total heat requirements for both heating and ventilation, Btu per hour 
• ^ H + Hy. 

Q « volume of air handled by the ventilating equipment, cubic feet per minute. 
t a temperature to be maintained in the room. 
to = outside temperature. 
ty =» temperature of the air leaving the unit. 


•■A S H V E Standard Code for Testing and Rating Steam Umt Ventilators (A S H V E Transactions, 
Vol 38, 1932). 
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W **» weight of air circulated, pounds per hour. 

0.24 = specific heat of air at constant pressure. 

From Equations 1, 2 and 3 : 

= J5r + 0.24d60 Q (/ - Q (4) 

Example 1. The heat loss of a certain room is 24,000 Btu per hour, and the ventilating 
requirements are 1000 cfm If the room temperature is to be 70 F and all air is taken 
from the outside at zero, what will be the total heat demand on the unit if it is required 
to provide for both the heating and ventilating requirements (combined system)? 

Solution H « 24,000, d = 0 075 Q « 1000 cfm. ^ = 70 F. /o = 0 F 
Substituting in Equation 4, 

Ht = 24,000 + 0 24 X 0.075 X 60 X 1000 (70-0) = 99,600 Btu 
0.24 X 0.076 X 60 X 1000 ^ 


When part of the air handled by the unit is taken from the room and the 
remainder from the outside, 

Ht = 0.24 TFo (iy - io) + 0 24 W, (ty - /) (6) 

where 

Wo = weight of air, pounds per hour taken from out-of-doors 
Wi = 'weight of air, pounds per hour taken from the room 

TFo » do 60 Qo (6) 


where 


Wx » d, 60 Qi 


(7) 


do = density of air, pounds per cubic foot at temperature to 
di « density of air, pounds per cubic foot at temperature t 
Qo - volume of air taken in from the outside, cubic feet per minute 
Qi *= volume of air taken in from the room, cubic feet per minute 


Ht = + 024do60 0o (^ - « 


(9) 


Equations 5, 6, 7, 8, and 9 may be used in the same manner as is 
illustrated above for Equations 1, 2, 3, and 4. It may be noted in Equa- 
tion 9, representing the total heat requirements, that as the quantity 
Qo is diminished the heat requirements for the unit diminish very 
materially. 

In Example 1, if the quantity of air taken in from the outside is reduced 
to zero, or all of the air handled by the unit is recirculated, the total heat 
requirements Jit reduce from 99,600 Btu to 24,000 Btu, or to about one 
fourth. Such a unit handling one third of its air volume from the outside 
and two thirds from the room would show a total heat requirement of 

24,000 -f - i i P— a. 59,200 Btu. Units designed and operated 
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T\ble 3 Typical Capacities of Unit Ventilators for 
AN Entering Air Temperature of Zero 


Cubic Fbbt of 

Ant PER Minuti 

Total Capacity in Squibb Feet 
OF EaUTTALBNT DiBBGT HraHNO 
Surface ^Radiation) 

Gapactit Atailabld for Hb\t* 
ZNG THE Boon in Squarb Fxlt 
OF EqUIVALBNT DctBLT HEATtNO 
Surface (Radiation) 

Fin^l Air Tbupera- 
TUBE (Oso Fabr) 

EDR 

Mbh 

EDR 

Mbh 

600 

285 

68 

95 

23 

105 

750 

350 

84 

115 

28 

105 

1000 

455 

no 

150 

36 

105 

1200 

565 

136 

190 

46 

105 

1500 

705 

169 

235 

56 

105 


on this principle show an average heat requirement and, therefore, a boiler 
capacity requirement of less than 60 per cent of that required for units 
taking all their air from the outside. 

If all of the air is recirculated, the total heat required is the same as the 
heat loss of the room, or 

Ft = H « 0 24 TT (fy - /) (10) 

If the heat loss of the room is to be taken care of by the direct heating 
surface, the unit ventilators will be required to warm the air introduced 
for the ventilating requirements. Therefore: 

Fv = 0.24 W ( ly - to ) (11) 

In this case ty should be equal to or slightly higher than t. If the unit 
ventilator were of such capacity as to exactly pro\ide for the ventilating 
requirements, the direct radiation would be selected on the usual basis. 
However, it is necessary to employ a unit which may not exactly meet the 
ventilating requirements, since standard units are usually rated in terms 
of the volume of air that will be delivered at a certain temperature ty for 
an initial temperature of fe. Therefore a certain amount of heat (Hh) 
may be available from the unit ventilator for heating purposes, as pre- 
viously stated, and the amount of equivalent direct heating surface may, 
if desired, be deducted from the amount required for heating the room. 

COOLING UNITS 

Cooling units as applied to industrial product conditioning and pro- 
cessing are similar in construction to unit heaters except that the neat 
transfer surface is supplied with refrigeration instead of with steam or hot 
water. They are normally installed within the space to be served, or at 
least closely adjacent thereto. Occasionally they are provided to receive 
outside air in which case this air is invariably filtered or washed to prevent 
any possible contamination of the product. 

Cooling units are provided in two major t5npes similar to unit heaters, 
either floor mounted with housed fan, or suspended with propeller type 
fans. Normally, air outlet velocities are lower than for heating, due 
largely to the effect of high velocities on the product. Cooling units are 
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normally of the free delivery type although they occasionally are sup- 
plemented with ductwork to provide more careful air distribution. 

Product cooling originally was accomplished by means of stationary 
pipe coils. This was later supplement^ with the forced fan bunker 
systems in which air was passed over banks of coils. The present trend 
in this field is toward a more accurate control of both temperature and 
humidity, thus placing these units m the classification of complete air 
conditioning units as discussed in the next section However, in the 
majority of these cases dry-bulb temperature is controlled separately from 
the control of humidity, thus classifying these units as cooling units. 

The pnncipal field for cooling units is in cold storage plants, fur storage, 
fruit packing houses, provision stores, brewery fermentation and stock 
rooms, candy plants, and other industrial process work In replacing 
bunker and wall coils in meat storage plants, cooling units give distinct 



Unit 

advantages in compactness, lower first cost and maintenance expense, 
ease of defrosting, freedom from drip and the maintenance of sanitary 
conditions, as well as uniform temperature and humidity under variable 
load conditions. Cooling units by means of their positive air circulation 
prevent dead-air spots, frequently objectionable in this industry. 

Typical cooling units are shown in Figs 7 and 8. The former indicates a 
suspended type cooling unit which may be designed with or without a 
moisture eliminator. If high air velocities are maintained, an eliminator 
will be necessary to prevent the drops of moisture from being carried 
through with the air. The condensation that occurs is collected in a drip 
pan and removed from the system through a drain pipe. Fig. 8 indicates 
a typical floor-mounted unit of the housed fan type. The illustration 
shows a common form of distributing outlet designed to give low outlet 
velocities together with a controlled distribution. In process work, it is 
often important that direct air distribution does not impinge on the 
product. 

Cooling units are normally constructed of galvanized steel or non- 
ferrous material in order to reduce the corrosive effect of their constant 
wetted condition. 

Cooling units are often called upon to operate in rooms where a tempera- 
ture below freezing is maintained and low refrigerant temperatures are 
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required. This results in the collection of frost on the heat transfer 
surface which in turn leads to a rapid loss in capacity and requires eventual 
defrosting. Such defrosting is accomplished by the following methods: 

1. When the room is above freezing the source of refrigeration is cut off and the 
fan allowed to operate until the unit defrosted 

2 A reversal of the refngeration system may be provided and the so-called hot 
gas defrosting method used This is accomplished by reversing the flow of the hot 
gas so that it is delivered directly from the compressor to the evaporator of the 
cooling unit As soon as the ice and frost has been melted, the system is again 
returned to its normal cycle 




3 Where brine is used as a refngerant, heated brine may be sent through the 
cooler to remove the ice 

4 When the room is at very low temperatures, warm air defrosting is sometimes 
used by providing for the admission and removal of warm air from outside the cooled 
space 

5. The surface may be sprayed with a strong brine solution 

In order to prevent the collection of frost in low temperature rooms 
where high latent heat loads are present, unit coolers equipped with a 
constant brine spray are frequently used. These are normally of the 
housed fan type similar to Fig. 9, but equipped with a pump for recircu- 
lating brine over the coil. It is, of course, necessary to strengthen the 
brine at intervals to maintain a non-freezing mixture. 

Ratings of cooling units may be expressed in Btu per hour, or in tons of 
refrigeration and should specify the quantity, temperature and humidity 
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of the air entering the unit with a stipulated refrigerant temperature 
within the coil. When chilled water or brine is used, the rate of circu- 
lation of the cooling media as well as its entering temperature must be 
given. 

Am CONDITIONING UNITS 

Air conditioning with unit equipment has gained in popularity during 
the last few years and this type of apparatus now represents the bulk of 
the production of the industry. It is to be noted that some equipment 
does not fulfill all of the basic requirements of a true air conditioning unit. 
True air conditioning equipment involves not only the ability to alter 
temperature and humidity conditions within the conditioned space, but it 
must also be able to control these conditions. 

The means for accomplishing these functions are outlined herewith : 

Heating 

The normal air conditioning unit derives its heating function from a 
heating coil, usually of the non-ferrous finned tube type supplied with 
either steam or hot water. Steam may be supplied directly from a self- 
contained and built-in oil or gas fired unit, from a separate domestic 
steam boiler, or even from an outside source of a central heating plant. 
Hot water is supplied either from a separate hot water boiler or in rare 
instances from a domestic water heater 

In domestic or household conditioning units, adapted from a warm-air 
heater to which humidification is added, or possibly all-year-round con- 
ditioning, a direct-fired air interchanger is frequently used. The source 
of heat in this case may be from the combustion of coal, oil, or gas. A 
wide variety of designs and structures are used. In such direct-fired 
systems, the bulk and volume of the heat transfer surface is necessarily 
large in proportion to the rest of the equipment. 

Where electric power is low in cost, electric heat has been furnished for 
air conditioning units either in the form of encased healers, or open wire 
heaters. (See Chapter 39.) Radiant electric heaters are seldom used 
except as their radiant heat is absorbed by some receiving wall and there 
transmitted to the air in the form of convected heat. 

Another method of applying electric heat is by means of the reversed 
refrigeration cycle, whereby electric energy is used to compress a re- 
frigerant and to deliver the heat of compression, withdrawn from a lower 
temperature source, to the conditioned space by locating the condensing 
coils in the air circulation circuit of the air conditioning unit. While this 
method of heating has gained wide interest, it is practical only in a limited 
number of applications. Its economic practicability depends largely upon 
the availability of a source of heat during the winter season at as high a 
temperature as is possible. Thus, while it is frequently applicable in mild 
climates, it is not of great value in the nortliern climates where sub- 
freezing temperatures are common. It has the other unfortunate property 
that when the outdoor temperature is the lowest and the heat requirement 
the greatest, the heating capacity of the system is a minimum. This 
means that in many installations, an auxiliary and separate source of heat 
must be supplied to carry through these peak winter conditions. Such 
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factors as these have limited a more general application of this principle. 
(See Chapter 2 on Refrigeration.) 

Htunidifying 

A variety of methods have been used to furnish humidification in 
winter to air conditioning units. The oldest and best known is by means 
of a direct spray which is used in many different ways. The simplest 
system is where the spray water is furnished from a constant water source, 
such as city water, and is permitted to run to waste Under such con- 
ditions, the spray may be either of the direct atomizing type where, by 
means of the nozzles, the water is broken into fine particles, or of the so- 
called target spray type, where a fine stream of water under pressure is 
caused to impinge upon a flat surface or target. Such methods are 
normally rather inefficient in the use of water 

Any spray system where water is run to waste must of necessity atomize 
as completely as possible to provide for evaporation of the maximum 
amount of water. This normally calls for moderately high pressures and 
for very fine orifices or passages m order to produce fine atomization. 
This in turn involves the danger of occasional clogging of the nozzles with 
resulting service problems. Self cleaning spray nozzles developed during 
the past two or three years materially r^uce this hazard. Such methods 
even at best are wasteful of water inasmuch as only a comparatively small 
proportion of the water used is actually evaporated, the remainder 
running to waste. In spite of the water wastage this method is normally 
more economical in the case of small conditioning units than the instal- 
lation of a pump to recirculate and reuse the waste water. 

In the larger conditioning units where much larger quantities of water 
are used and the amount of water wastage becomes an appreciable item, 
it frequently is profitable to install a recirculating pump. It is important 
to note that when spray water is recirculated in such equipment in indus- 
trial areas and in large cities, it becomes necessary that water treatment 
be supplied, in order to reduce the corrosive action resulting from the 
absorption of acids and impurities from the air. 

In some units, in order to increase the humidifying capacity ^d to 
utilize a greater portion of the spray water, the atomized spray is per- 
mitted to impinge against a heated surface thereby forcing its evapora- 
tion. While this is practical in some instances, there is danger of scale 
formation where hard water is employed. It should be pointed out that 
in any atomizing system if extremely hard water is used, the air will carry 
with it a content of infinitely fine solids which should be^ removed by a 
filter before discharging into the conditioned space. If it is not so re- 
moved, this may result in the formation of an apparent dust upon furni- 
ture and exposed surfaces. 

One of the simplest methods of humidification in winter is by means of 
a direct steam spray. This is seldom used in air conditioning units for 
comfort applications due to the resulting odors. In industrial appli- 
cations, however, it finds frequent use. The steam is usually introduced 
to the air through a perforated tube or through some type of porous 
material. 

If a small atomizing spray is not used in comfort conditioning units, the 
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evaporative pan type of humidifier is usually employed. This consists of 
a container offering as much watei surface as possible and equipped with 
means of heating the water. This heat may be applied either electrically, 
by steam, hot water, or by circulation of the water from a heated space 
through the evaporating pan Since the humidification is accomplished 
by surface evaporation only, it is essential that the air stream be directed 
across the surface and that the evaporating surface be large. While this 
system eliminates the dusting hazaid when hard water is used with a 
spray system, hard water tends to scale the heating surface and results in 
loss of capacity and the need for frequent cleaning. 

The rate of evaporation per unit surface exposed is low, thus it fre- 
quently becomes difficult to provide sufficient surface for adequate 
capacity. The higher the temperature of the water, the lower the relative 
humidity of the air; the greater the velocity over the surface, the greater 
is the rate of humidification. The evaporative pan t^^e of humidification 
limits the water wastage and is usually supplied with water through a 
float valve. Due to the collection of salts m this evaporating pan such 
humidifying systems require occasional drainage and cleaning. 

Other methods of humidification attempted in air conditioning units 
are through the use of wetted fabrics, porous earthenware plates, or other 
capillary surfaces. These methods rely upon the capillary absorption of 
the moisture up from the liquid level into the portion exposed to the air. 
They have a tendency to lose their effectiveness due to the resulting 
deposit of mineral salts at the evaporating surfaces thereby clogging the 
pores and reducing the contact of the air with the water. Also they 
frequently become foul and often support bacterial growth. 

Cooling and Dehuxnidification 

Those units that employ recirculated water sprays will undoubtedly 
use such sprays as their means of cooling and dehumidification by 
furnishing refrigeration to the water in circulation. Occasionally where 
an adequate source of cold well water is available, this may be used as a 
direct spray and run to wa^te 

Other methods of dehumidification accomplished by direct contact 
with the transfer medium are by means of the so-called adsorption and 
absorption systems. (See Chapter 2 on Refrigeration.) It must be 
recognized that these methods of dehumidification do not in themselves 
provide cooling. The substance removes the water vapor from the air 
thereby heating it This highly dehumidified air may then be cooled 
either by partial rehumidificatidn or by direct contact with a cooling 
medium of cold water or direct expansion refrigerant. There are now on 
tie market solid adsorbents such as silica gel, and activated alumina, and 
liquid adsorbents such as calcium chloride in solution and lithium chloride 
which is one of the most promising examples. 

Finally a common direct means of cooling and dehumidification is 
through the use of ice. In such units the ice is brought into as intimate 
contact as possible with the air handled. Provision is made for the 
removal of the moisture as rapidly as it is formed from the melting of the 
ice. Ice is also used to cool water which is circulated through the sprays. 

In conditioning units, the use of surface cooling is probably more 
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common than direct spray or other direct transfer means. The type of 
surface employed may, of course, be cast or fabricated from tubes. In 
present day practice finned tubes or plate fins through which tubes are 
passed form the most generally used cooling surface. The detailed fabri- 
cation of this surface and the arrangement of the tubes will depend 
largely upon the type of refrigerant for which it is intended. 

The sirnplest construction is where chilled water or brine is used as the 
refrigerating medium. With direct expansion refrigerant it is usually 
necessary to provide a special arrangement of headers so that proper 
distribution of refrigerant through all the surface is obtained. In some 
cases, ordinary brine coils can be used when operated as a flooded refri- 
gerant system. In some units a combination of a direct spray and a 
refrigerant surface is used, the spray being directed against the surface. 
Such systems claim the advantage of air washing together with the 
maintenance of a clean and ejBFective cooling coil. 

It should be noted that when surface coolers are used, adequate pro- 
tection in the form of filters or at least lint screens are necessary to prevent 
fouling of the surface from the air borne dirt. Surface not so protected 
frequently becomes completely matted with lint, grease, and similar dirt. 

The sources of refrigeration used with these surface type conditioning 
units are discussed in Chapter 2 on Refrigeration. However, they may 
be divided into the following groups: 

1 Direct expansion refngerant in which the liquid refrigerant is evaporated 
within the coils of the unit The vapor from these coils may be recompressed in 
centrifugal, rotary, or reciprocating type compressors, and the refrigerant again 
returned to the evaporator coil 

2 Indirect refrigeration by means of : 

a Cold well water * 

6. Cold aty water. 

c. Artificial refrigerated water provided by direct expansion of refrigerant in a 
water cooler, direct steam jet refngeration, or by the melting of ice. 

It should be recognized that direct expansion of refrigerant within the 
coils of an air conditioning unit, represents a certain hazard unless the 
refrigerant is of the non-irritating, non-inflammable type. Therefore, 
in many cities rather stringent codes have been set up limiting the use of 
•such direct expansion units. These codes are becoming more and more 
prevalent and it is advisable to keep informed of latest restrictions in each 
locality. In the case of hospitals, or places where a large number of 
people are present, direct expansion is prohibited and the so-called indirect 
systems are required. In these sytems the refrigerant is used to cool a 
brine which is then circulated through the cooling coil. 

nitering — ^Air Cleaning 

A variety of methods are employed as a means of controlling air purity. 
In unit systems where filtering alone is considered satisfactory, the degree 
of filtering varies widely and in proportion to the actual needs. If the air 
is chiefly recirculated with but little outside air used for ventilation, 
filtering requirements are largely limited to keeping the coils in a clean 
and operable condition. Thus such units are frequently furnished with 
simple lint screens of low resistance and formed of moderately close 
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meshed wire. Where outside air is used for ventilation, more complete 
filtering of dust particles is necessary and for this purpose, there are a 
large number of filters available on the market. Some of Aese filters are 
of the so-called throw-away type, constructed of inexpensive material so 
that when they become dirty or clogged they may be thrown away and 
replaced with new ones. All of these filtering methods are described in 
detail in Chapter 16. 

A number of air conditioning units are being offered for the relief of hay 
fever sufferers and render relief in this disease both by maintaining proper 
air conditions and by removing most of the air borne pollens from the 
ventilated air. Such filters, however, must be designed for this purpose 
and must have an exceptionally high efficiency. 

The degree of filtration and its efficiency depends entirely upon the 
design of the unit or the unitary system. For high efficiency of air 
cleaning, large and expensive filtering area is required. Small filters mean 
either low efficiency of cleaning or else high resistance with increased fan 
power or decreased air capacity. 

Ventilation 

Inasmuch as air purity is one of the factors that constitute true air con- 
ditioning, ventilation or the introduction of outside air is an essential part 
of any air conditioning unit or system. While a unit that recirculates all 
its air capacity is still considered an air conditioning unit, the better type 
system provides for the introduction of a certain proportion of outdoor 
air. In some instances one of several units may operate entirely on out- 
side air, while in other cases only a portion of the air handled by the unit 
is drawn from out of doors. In such cases a damper is provided either in 
the unit or in the duct connections for controlling the proportion of 
outdoor air. 

Location of Air Conditioning Units 

The characteristics of the conditioned space, the building construction, 
the type of system employed, the duct connections as well as the source of 
power, piping and rdrigeration influence directly the location of air 
conditioning units. 

Primarily a unit is either of the portable or fixed type. The portable 
unit is usually a simple self-contained air conditioning or cooling unit 
either with or without ventilation, but includes the condensing unit. If 
the condensing unit is of the air-cooled type, the unit must be located 
adjacent to a window or other source of outside air. On the other hand, 
if it is of the water-cooled type, its location should be convenient to 
sources of water and drainage. Portable units are invariably located 
within the conditioned space. 

Non-portable units, or units of fixed location may or may not be located 
within the occupied space. Naturally units that are located in such 
spaces must be built with decorative cases in order to harmonize with the 
surroundings. Such units are normally of comparatively small capacity 
varying from a fraction of a ton up to as much as five or six tons. Many 
conditioning units and particularly those of the larger sizes are located 

260 



Chapter 13 — ^Untt Heaters, Ventilators, Air Conditioning, Cooung Units 


externally to the occupied and conditioned space and are connected 
thereto by means of delivery and return ducts. Such an arrangement 
permits the location of the conditioning unit convenient to either the 
sources of refrigeration or outside air. It frequently permits the use of the 
basernent or of ^ace less valuable than that on the level or floor of the 
occupied zone. ^ Oftentimes the same type of unit may find application in 
an exposed position for one job and in a concealed location for another. 
Thus it can be seen that it is not possible to define a unit merely on the 
basis of its location. Frequently conditioning units are built into the 
structure or into the architectural design of a room so that they are 
entirely concealed except for the discharge and return grilles or openings 
which are designed so as to correspond to the decorative scheme of the 
room. 

Air Distribution 

With portable units or units exposed within the conditioned space, the 
distribution is usually through grilles or louvres built entirely into the 
equipment. The discharge of the air from this unit, in general, should be 
upward immediately at lie unit, with sufficient horizontal component to 
carry it to the most remote point in the room. Such a distribution permits 
the cool air to drop slowly over the entire zone and return to the inlet of 
the unit below the breathing line and along the floor. The location of 
doorways, air vents, and heat exposed walls should be carefully observed, 
as they have a marked effect on the direction of the air flow and on its 
uniformity of temperature. Velocities below the breathing line should 
be kept low, normally not over 40 to 70 fpm. Such velocities are usually 
best checked by a Kata thermometer rather than by means of an anemo- 
meter. 

With the suspended type of unit, located within the conditioned space, 
sufficient outlet air velocity should he provided to give adequate induction 
and mixing with the room air thereby preventing the imm^iate dropping 
of the air stream and resulting objectionable cold drafts. This is one of 
the limitations to the size of such suspended units inasmuch as it is 
difficult to distribute from one point a large refrigeration tonnage without 
cold drafts. 

• Where the units are located outside the conditioned space, air dis- 
tribution is more frequently provided through multiple outlets located in 
ducts from the conditioning unit. The location of these outlets is quite 
critical and is influenced both by the building construction, economies of 
connections and by the distribution of load. Normally with a cooling 
system, it is desirable to blow the conditioned air toward the exposed 
walls or windows. This delivers the cool air to the point where it is most 
needed. These problems are discussed in considerable detail in Chapter 19. 

There are a wide variety of outlet types used, and most of the^ have 
fixed delivery characteristics, thus requiring careful consideration in their 
location. Some types of outlets are now available with adjustable vanes 
thereby permitting some alteration in the delivery of the eiir stream after 
installation. This frequently eliminates objectionable down drafts re- 
sulting from the impingement of the air stream against posts, pillars, 
lighting fixtures, and beams. 
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TYPES OF XJNITS 

Several types and designs of air conditioning units in production and 
proposed are available for selection. New designs are constantly ap- 
pearing, with new improvements, greater capacities, wider range of 
application and superior construction. It will be impossible to cover in 
this chapter the many types of construction on the market. Illustrations 
of current makes and models will be found in the Catalog Data Section. 
A few typical designs of conditioning units will be described in detail. 

An all-year floor type heating and cooling unit for an exposed location 
and with direct expansion coil supplied witii refrigerant from a remotely 
located compressor is shown in Fig. 10. A cooling coil for use with chilled 
water may be substituted for the direct expansion coil indicated. The 
fans below the separate cooling and heating elements deliver the air 


^ - 



against deflectors thereby obtaining distribution across the face of the 
element and preventing condensate from dripping down into the fans. 
The plate upon which Qie fans are mounted serves as the drip pan from * 
which the water is conducted to the drain. Separate elements are used 
for heating and for cooling. Thus this unit may be used automatically for 
heating and cooling without manual control. When the unit is used for 
summer conditioning only, the heating coil may be omitted for the 
installation. The illustration indicates an evaporative type humidifier 
and drain pan. 

Other units are available in which a target spray humidifier is sub- 
stituted for the evaporative type thereby providing a unit for summer 
cooling and dehumidification, at the same time supplying humidification 
in winter for application in rooms with other existing heat sources. 

Still another unit is available in which the fans are mounted at the top 
of the unit delivering directly through a grille and drawing their air 
supply through the cooling and hefeiting coils. Other variations in pro- 
portion and details of construction of this general arrangement are 
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common. With this type of unit, ventilation is usually provided by 
means of a separate duct connected to the inlet of the unit. 

An entirely different arrangement shown in Fig. 11 places both the air 
inlet and the discharge at the top of the unit. The fan at one side dis- 
charges the air downward to the bottom where it turns and passes hori- 
zontally through an atomizing spray air washer. The path then con- 
tinues upward through eliminators, a cooling surface and a heating surface 
before it leaves the unit. With steam or hot water connected to the 
heating element, tempered water to the sprays and refrigerated water to 
the cooling element, this unit gives controlled temperature, humidity, air 
cleaning, and air movement in both summer and winter. Air washing 
may be connected in summer, or in intermediate season to remove room 



odors. Excess water is run to waste. Acoustical treatment of the housing 
and outlet baffles permits installation where noise requirements are 
exacting. 

One of the recently developed units, designed particularly for low cost 
installation is shown in Fig. 12. Twin fans with wheels mounted on 
extensions of the motor shaft take the air from the floor, send it downward 
trough a passage containing a water spray and then upward through a 
double set of coils for cooling and heating, the air leaving the cabinet 
through a top grille. The spray nozzles are supplied with city water, tffe 
excess collecting in the air reversal chamber and running to the drain. 
The cooling coil uses water either from city mains or from other low 
temperature sources, or a special direct expansion coil may be provided. 
This unit like others may be equipped with automatic controls. 

A common type of suspended t 5 npe unit for exposed location utilizing a 
propeller type fan and suitable for summer conditioning only is illustrated 
in Fig. 13. Such units are equipped with either a direct expansion coil or 
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one for chilled water or brine circulation. The outer cabinet is commonly 
of wood-grained steel or baked enamel and is insulated from the cool air 
chamber to prevent external condensation. The drip from the coil is 
collected in an insulated drip pan and carried to a drain. The inlet to the 
unit is provided with a lint screen to protect the cooling surface. Such 
units are normally used for recirculation only but may be connected for 
ventilation through short full-size ducts. Similar units are available with 
twin housed fans of the same general construction, although usually such 
fans draw the air instead of blow it through the coils. 

A self-contained completely portable cooling air conditioning unit is 
illustrated in Fig. 14. For the operation of this unit, it is only necessary 



that it be located adjacent to a window or shaft to which air connections 
can be made and to plug in the motors to a convenient light socket. In 
this unit, the conditioned air enters on the side, passing through a grille, 
filter, and cooling coil and is delivered vertically to the room through a 
special motor and fan assembly. Refrigeration is furnished by a recipro- 
cating compressor driven from a motor located in the base. This com- 
pressor utilizes an air cooled condenser. Air is drawn into the base by a 
fan mounted on_ the compressor motor, so arranged that the air passes 
through the refrigeration condenser and is again discharged out through 
the window connection. A novel feature of this design is that the con- 
densate from the cooling coil is sprayed over the condenser surface and 
there vaporized, thus eliminating the need for drain connections. One 
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Fig. 13. Suspended Propeller Fan Type Cooling Air Conditioning Unit 


advantage of this type of conditioning unit is that it may be removed from 
the occupied space during the winter season when cooling is not needed. 

Another type of portable unit for occupied space locations differs from 
the former in that the compressor is water cooled and a connection to 
water and drain must be provided in addition to the electric connection. 
Water and drain lines are carried in a composite hose, especially built for 
this purpose and connections are usually made to a nearby washbowl. 
In order to reduce the starting load, one model has two separate motors 
brought on to the line at delayed intervals thereby decreasing the initial 
line surge and reducing light flicker. These water cooled units either 
eliminate or reduce the need for outdoor air connections. Due to the 
necessity of water and drain connections they are not as portable as the 
air cooled type. 

Remotely located conditioning units vary widely in details of con- 
struction. Figs. 15, 16 and 17 indicate one t^e built in sections thereby 
permitting interchangeability of application with a minimum change in 



Fig. 14. Portable Self-Contained Conditioning Unit for Cooling 
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parts. The vertical unit shown in Fig. 15 consists of a fan section, housing 
one or more fans, mounted on a coil section in which are located a heating 
coil and a cooling coil, which may be built for either direct expansion 
refrigerant, chilled water, or brine. These two sections are supported on 
a third or drip-pan section. The distributing duct system is attached to 
the fan outlets and returned fresh air connections are made to the drip- 
pan. A filter box is illustrated attached to the drip-pan section. By 
eliminating the vertical type drip-pan and substituting a horizontal drip- 
pan, this unit is converted into a horizontal suspended type conditioning 
unit for connection to duct work, both with and without filters, as shown 
in Fig. 17. 

A spray type conditioning unit is illustrated in Fig. 16. This spray 
type unit, which is similar to the arrangement given in Fig. 15, provides 



Fig 15 . Vertical Remote Type All- Fig. 16 . Spray Type Air 

Year-Round Conditioning Unit Conditioning Unit 


for the complete washing of the air and the cooling coil. For winter 
operation the spray provides means for humidification. The units may 
also be obtained with by-pass dampers as shown in Fig. 16, to provide 
control of cooling in summer and humidification in winter. The spray 
type unit without the cooling coil may be used for humidification and heat 
control. ^ This type of air conditioning unit is used in industrial process 
air conditioning as well as for comfort air conditioning. 

Residential Central System Units 

The previous figures have largely confined themselves to the illustration 
of all-year-round or summer conditioning units for office or commercial 
application. The smaller units have, of course, been applicable to 
residences. There remains a field of air conditioning units primarily 
adaptable to residence work. They are in general Sie outgrowth or 
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Fig 17 Horizontal Remote Type All-Year-Round Conditioning Unit 

adaptation of mechanical warm air systems to conditioning, which are 
covered in Chapter 24. However, the following illustrations will cover 
details not included in that Chapter. 

In Fig. 18 is shown a conditioning unit which may be operated in 
conjunction with a hot water or steam boiler. Heat generated in the 
boiler is supplied to an exchanger which raises the air temperature as 
it is circulate through the unit. The connection of a cooling coil to a 



Fig, 18. Residential Conditioning Unit with Steam Boiler 
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source of refrigeration will provide year-round air conditioning. This 
type of system is particularly adaptable to a spht system in which a 
portion of the residence may be conditioned in the winter and summer 
while the garage, servants’ quarters and less freqently used rooms may be 
provided with radiator or convector heating directly from the boiler in 
the winter. 

A gas-fired winter conditioning unit is illustrated in Fig, 19 which is 
equipped with apparatus to filter, heat, humidify and circulate the air in 
a residence. If a cooling coil is added to the arrangement this unit may 
also become a year-round conditioner. 

A diagram of a direct fired fuel oil conditioning unit is given in Fig. 20. 
A circulating fan forces the filtered air over a heat exchanger through 
which the combustion gases from the oil burner are being directed. A 


Supply air to rooms 



cooling section may be placed in the air inlet, with cold water, or re- 
frigerant being circulated through the cooling element. For thermostatic 
control a room thermostat may be provided to start the oil burner when 
the temperature falls, and as soon as the temperature in the heat ex- 
changer rises a control mechanism starts the motor operating the circu- 
lating fan. As soon as the temperature in the house rises to normal the 
room thermostat stops the oil burner and the fan. 

BASIS OF RAnNG 

In the past, the unit air conditioning industry has been handicapped 
by the lack of any standard method of rating. A proposed code giving 
a Standard Method of Rating and Testing Air Conditioning Equipment* 
has recently been prepared. 


■Loc Cit Note 1 
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On basis of this new code, air conditioners are to be classified 
primarily as free dehvery type and pressure type, where delivery will be 
measured in cfm standard mr at specified fan speed. Pressure type units 
will specify the delivery against various total fan static pressures. Cooling 
capacity will be expressed in total Btu per hour and this totsJ will be sub- 
divided into sensible heat cooling effect and dehumidification or latent 
heat effect. Cooling capacities will be given on entering air temperatures 
of 85 F, 60 per cent relative humidity with 40 F refrigerant temperature 
for ^mfort conditions and 45 F, 85 per cent relative humidity with 30 F 
refrigerant temperature for commercial applications. 

The duty for heating surfaces will be specified in Btu per hour for 70 F 
entering air temperature based on 2 lb gage steam pressure or 180 F 



Fig. 20. Oil-Fired Conditioning Unit 


entering water temperature with 20 F drop. Humidification will be 
specified in pounds of water evaporated per hour at 70 F and 30 per cent 
relative humidity entering air conditions. The Catalog Data Section 
gives ratings of current models offered by leading manufacturers. 

METHODS OF CALCULATING CAPAQUES 

The methods of calculating heating and cooling loads for conditioning 
units are similar to those described under Chapters 7 and 8. Certain 
manufacturers have adopted simplified and approximate methods which 
through experience they have found applicable to unitary equipment. 
Such methods involve certain averaging approximations which are 
suitable for estimating purposes but many of which require recheddng 
on a more accurate basis brfore actual installations are made. 

The greatest error in calculating cooling loads is apt to be introduced in 
the failure to appreciate the magnitude of the latent heat loads and the 
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relationship between the latent heat removal and the refrigerant tem- 
perature. It is extremely important that the proper balance be obtained 
between the refrigerant temperature, the conditioning unit surface and the 
conditions to be maintained within the occupied space. Unsatisfactory 
conditions often result through the attempt to apply units with a source 
of refrigeration which gives too high a surface temperature. Such con- 
ditions may be obtained when well water of too high a temperature is 
used or when a direct expansion evaporator is connected to a refrigeration 
compressor of inadequate size. The high refrigerant temperature even 
though it may give adequate dry-bulb temperatures, due to over-size 
conditioning units, will not give proper humidity control due to its 
inability to furnish sufficient dehumidification. 

The use of surface coolers with widely extended fins may lead to similar 
results since the large ratio of extended surfaces gives an average surface 
temperature considerably above the refrigerant temperature within the 
tubes. All these factors must be kept in mind when making the selection 
of equipment. It is furthermore vital that the calculation of a cooling 
load be based on an accurate survey before the selection of the equipment 
is made. 


COSTS 

Due to the rapid development of the air conditioning industry and the 
great progress that is being made each year, it is impossible to give any 
cost figures that will be of value. There are, however, certain factors 
that influence the cost of unit air conditioning installations. 

1 Since the cost of the total job involves material cost plus installation labor and 
since through the use of unitary equipment, material costs can be kept to a minimum, 
every effort should be made to simplify installation. 

2 Self-contained units in the small sizes now available, probably represent the lowest 
cost individual installations. They have, however, their limitations 

3 The floor type all-year-round air conditioning units for the occupied space with a 
remotely controlled compressor, heating sources being either the existing heat system or 
steam connections to the unit,^ probably afford the lowest cost all-year-round service for 
most individual rooms. This is particularly true in the case of residences With offices, 
this will probably be true if the compressor can be located immediately a<^acent to the 
conditioned space, as for example in a closet or nearby storeroom. The expenses 
increase rapidly as the distance from the unit increases, 

4. For multiple rooms or offices, the remotely located unit with connecting ducts 
probably represents the most economical installation. Such installations are also par- 
ticularly adaptable to stores, residences and small commercial installations. 

Costs of operation vary widely depending entirely upon the cost of 
power and water. Water costs in the larger installations are being 
materially reduced through the use of cooling towers and special types of 
condensers. The normal expense of operating the cooling system is 
considerably in excess of that of winter heating both as to the first cost 
and as to operation. Consequently, the more rapid growth of air con- 
ditioning has been along commercial lines where it has represented an 
actual profitable investment resulting in increased business returns rather 
than along the lines of residential comfort cooling where it still represents 
a luxury in comfort. 
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MISCELLANEOUS UNITARY EQUIPMENT 

There are a number of units available which were not covered in the 
previous discussion that accomplish only one or two of the functions of 
air conditioning. 

Attic Fans 

Attic fans, used during the warm months of the year to draw large 
voluines of outside air through a house, offer a means of using the com- 
parative coolness of outside evening and night air to bring down the 
inside temperature of a house. 

Because the low static pressures involved are usually less than in. of 
water, disc or propeller fans are generally used instead of the blower or 
housed types. The fans should have quiet operating characteristics, and 
they should be capable of giving about thirty air changes per hour. The 
two general types of attic fan installations in common use are: 

Open attic fans, in which the fan is installed in a gable or dormer and 
one or more grilles are provided in the ceilings of the rooms below. 
Fresh air, which enters the house through open windows, is drawn into 
the attic through the grilles, and is disciiarged out-of-doors by the fan. 
An attic stairway may be used in place of the central grille. It is 
essential that the roof and the attic walls be free from air leaks. 

Boxed in fans, in which the fan is installed within the attic in a box or 
housing directly over a central ceiling grille, or in a bulkhead enclosing 
an attic stair. ^ The fan may be connected by a duct system to the 
grilles in individual rooms. Fresh air entering through the windows of 
the rooms below is discharged into the attic space and escapes to the 
outside through louvers, dormer windows, or screened openings under 
the eaves. 

The locations of the fan, the outlet openings, and the grilles should be 
selected after consideration of the room and attic arrangement in order to 
give uniform air distribution in the individual rooms served. If the outlet 
for the air is not on the side away from the direction of the prevailing 
wind, openings should be provided on all sides. Kitchens should be 
separately ventilated because of the fire hazard, and to prevent the 
spread of cooking odors. 

The operating routine which will secure best results with an attic fan is 
an important consideration. A typical routine might require that in the 
late afternoon when the outdoor temperature begins to fall, the windows 
on the first floor and the grilles in the ceiling or the attic floor should be 
opened, and the second story windows should be kept closed. This will 
place the principal cooling effect in the living rooms. Shortly before 
bedtime, the first floor windows may be closed and those on the second 
floor opened, to transfer the cooling effect to the sleeping rooms. A time 
clock may shut off the fan before waking time, or the fan may be stopped 
manually at a later hour, 

A disadvantage arising from the passing of a great amount of outside 
air through a house Is the dust nuisance, which varies considerably in 
different locations. Persons suffering from allergic diseases caused by air- 

271 




American Society of Heating and Ventilating Engineers Guide, 1937 


borne pollens will have their troubles increased with attic type cooler^. 

Some typical data on an attic fan installation in an average six-room 
house of frame construction containing 14,000 cu ft and located in the 
southern part of this country are: 


Installation cost 

Fan data 

Operating period 

Power consumption 


$75 to $400, average $250 

9000 cfm average, 280 rpm if belt driven, 570 rpm if direct 
connected, 500 watts input 

April 15 to October 15, intermittently as weather con- 
ditions demand 

500 kwh per year for 8 months* operation 


HumidiEiers 

Humidifying units may be installed as part of an air conditioning unit 
system, or may be installed individually to furnish additional humidity. 
Fig. 21 illustrates a humidifying unit for installation in connection with a 
warm air heating system, and as such it is located at the intake of the 
furnace. The air passes through a lint filter, then through the fans and 
finally through an air washer or spray system. Surplus spray is eliminated 
and the air delivered to the air distribution system In other cases, 
similar spray type apparatus is used to deliver humidified air through 
ducts to openings beneath existing radiators in a steam heated residence. 

For other steam heated homes, there is a humidifying unit as illustrated 
in Fig. 22. This unit is normally placed at some central location on the 
first floor, and receives the air from the floor into fans, delivering it 
through a heating coil and up through a target spray atomizer. Surplus 
moisture is removed by means of an eliminator filter and the humidified 
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Fig. 22. Humidifying Unit for 
Radutor Heated Homes 



Fig. 21. Humidifying Unit for 
Warm Air Furnace 
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air is delivered upward through the other half of the floor grille. Since a 
large percentage of the heater capacity is transformed into the latent 
heat of humidification, this unit does not eliminate any existing steam 
radiation. It may also be used with hot water systems but its capacity 
is considerably reduced. 

AUTOMATIC CONTROLS 

The controls of all unitary equipment represent a vital part of their 
successful operation. This is particularly true in the case of conditioning 
equipment where a close inter-relationship exists between the thermo- 
static room controls and the refrigerating unit controls. 

The proper selection of controls and the proper adjustment is extremely 
important to prevent short cycling of compressors. Furthermore, the 
proper adjustment of direct expansion valve controls is likewise extremely 
important. A detailed discussion of control problems is contained in 
Chapter 14. 


PROBLEMS IN PRACTICE 

1 • Distinguish between a unit and a central type of air conditioning system. 

In a unit system, the air treating apparatus consists of factory^ assembled equipment 
which IS shipped substantially complete or in sections and is installed without field 
fabncation except for the duct connections between the equipment and the point of 
delive^ of the air. Usually the air treating equipment is locat^ closely adjacent to the 
conditioned space and serves a limited area A central type of air conditioning system 
localizes the air treating equipment for the entire area at one point and involves the 
fidd assembly of a large number of mdividual elements Manufacturer of the unit is 
responsible for the output and performance of the unit under-rated conditions, whereas, 
the contractor installing the completely unitary or central type equipment is held re- 
sponsible for the complete performance of the system. 

2 • Is it satisfactory to use superheated steam in unit heaters? 

Superheated steam can be satisfactorily used in unit heaters provided the capacity is 
based on the saturated steam temperature and not on the total temperature. If 
usually high superheat is used, trouble may be experienced from the excessive expansion 
and contraction of the heating elements. 

3 # Is it satisfactory to in stall one unit heater as the total load on a coal 
fired boiler? 

Such an arrangement is impractical if the unit heater is started and stopped in keeping 
with the room temperature. However, if the room temperature controls tie steam pres- 
sure and the unit heater is arranged to start when there is steam in the mains and to 
stop when there is no steam in the mams, such an installation will be satisfactory. 

4 • Will a unit heater with a slow speed fan be more quiet than one with a 
high speed fan? 

Quietness is a function of the type, diameter, blade form, and location of the fan, as 
well as the speed For a given fan, slower speeds mean less noise. 

5 • Is it satisfactory to use steam at pressures less than atmo^heric for miit 
heaters or unit ventilators? 

If the air mlet temperature is above freezmg, steam at any pressure may be used in the 
heating element of the unit heater or unit ventilator. If the inlet temperature is below 
freezing the heating element should be filled with steam of at least 5 lb pressure (or with 
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a positive 5 lb pressure differential between supply and return) and the steam supply 
should never be throttled or the heating element may be frozen. 

6 • In general, what is the primary function of a unit ventilator? 

To maintain the desired room air conditions as to temperature, air change, and air 
cleanliness, without drafts regardless of variations in outdoor temperature, occupancy, 
sun, heat, and wind 

7 • \niat are the usual working parts of a unit ventilator? 

The fan and motor assembly, a set of heating elements, outdoor and indoor air dampers, 
filters (optional), outlet grille, some method of varying the outlet temperature in keeping 
witji the room requirements, and, in the case of some unit ventilators, a method of 
limiting the outlet tempeiature to a minimum of GO F. 

6 • Do all unit ventilators introduce a constant amount of outdoor air? 

Certain types employ full recirculation except when outdoor air is obtained by throttling 
the steam valve on the heating element so the proportion of outdoor air to room air is 
varied This is a very economical type of unit ventilator but in some communities it 
cannot be used because of existing laws which require that some fixed amount of outdoor 
air be introduced whenever the room is occupied. Certain types of units are designed to 
always take in a minimum quantity of air from the outside and to automatically vary 
this with the weather. 

9 • Why are metal surface cooling elements instead of liquid spray chamhers 
used in the design of most air conditioning units and cooling units? 

The first cost of the surface cooling type of unit is considerably less than the cost of 
spray type equipment. Further, the requirements of many industrial air conditioning 
jobs and of all comfort cooling jobs where unit equipment is api^licable can often be 
effectively met with the use of surface type units, with a reduction in the space required 
for making the installation. Where space conditions are especially limited, the cross- 
sectional area of the surface cooler can be reduced because the resulting increase m 
velocity over the coil surface increases the effectiveness of the surface, whereas an 
increase in velocity through a liquid spray would reduce its effectiveness 

10 • Why are air conditioning units with metal cooling surfaces not desirable 
for all industrial jobs? 

Wherever unusually close control of relative humidity is required, a spray type unit will 
prove to be more satisfactory. Relative humidity control and accurate temperature 
control, however, can be maintained without difficulty with the use of metal surface 
units. 

11 • Why is accurate control of relative humidity with surface coolers more or 
less complicated? 

A surface cooler cannot add moisture to the air, and moisture is removed only when the 
surface temperature is below the entering dew-point temperature. Any change in 
condition of the entering air will result m a change in the dry-bulb depression of the 
leaving air. This change in entering condition requires not only a readjustment of the 
air volume but also a change in the coil temperature, if accurate control over the relative 
humidity is to be maintained. 

12 • What in general are the characteristics of operation of a unit using surface 
coils? 

For a constant entering dry-bulb temperature and a constant refngerant temperature 
any increase in the entering wet-bulb temperature will produce a rise in the leaving dzy- 
bulb temperature with an accompanying reduction in the wet-bulb depression of the 
leaving air. The sensible heat removed by the unit decreases and the latent heat in- 
creases, while the total heat removed also increases When the dry-bulb temperature of 
entering air is increased, with constant refngerant temperature and constant wet-bulb 
temp^ature of entering air, the wet-bulb depression of the leavinjg air increases, and 
since it is this depression which determines the maintained relative humidity it must be 
' carefully considered when selecting the unit. 
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AUTOMATIC CONTROL 


Purpose of Automatic Control, Definitions of Control Units and 
Terms, Types of Control, Central Fan Systems, Unit Systems, Con- 
trol of Automatic Fuel Appliances, Residential Control Systems, 
Control of Refrigeration Equipment, Industrial Processes 

T his chapter is prepared with the purpose of acquainting the engi- 
neer with the principles underlying the use of automatic control, lie 
general types and varieties of control equipment av^able and their 
application. 

Automatic control, properly applied to heating, ventilating and air 
conditioning systems, makes possible the maintenance of desired con- 
ditions with maximum operating economy. A properly designed and 
complete control system has the ability to interlock and coordinate the 
various functions of heating, ventilating and air conditioning in a manner 
impossible to accomplish with manual regulation. 

Automatic control is an integral and essential part of a heating, venti- 
lating or air conditioning installation and cannot be regarded as an acces- 
sory. In order to insure satisfactory results, the control should be designed 
wilii and incorporated in the heating, ventilating or air conditioning 
system. The control equipment should be given careful consideration in 
the planning of any installation in order that the entire system may 
operate together with satisfactory results. 

In order that proper selection and application of controlling devices 
may be made it is important that a broad understanding exist as to the 
t5q>es of control available and their principles of operation. ^ Improper 
selection and application of control equipment will result in imsatis- 
factory and inefficient operation. Specific control devices and systems 
are described in the Catalog Data Section. 

PURPOSE OF AUTOMATIC CONTROL 

Automatic control is normally applied to heating, ventilating or air 
conditioning systems: 

1. To insure the maintenance of certain desired or required conditions of temperature, 
pressure, humidity, air motion or air distribution. 

2. To serve a safety function, limiting pressures or temperatures within predetermined 
points, or preventing the operation of mechanical equipment unless it may function 
without hazard. 

3, To produce economical results and thereby insure operation of the system at a 
minimum of expense. 
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DEFINITIONS OF CONTROL UNITS AND TERMS 

Controlling devices and terms commonly used in the automatic control 
of heating, ventilating and air conditioning systems are: 

Thermostats: Thermostats are defined as temperature sensitive 
devices reacting to temperature changes. There are four major types of 
thermostats. 

A Room Thermostat is normally installed on the wall of the room whose 
temperature it is to control, and in reacting to rising or falling tem- 
peratures, the thermostat causes the operation of heating or cooling 
equipment so that desired temperatures will be maintained. 

The temperature sensitive element will usually consist of a bi-metal 
strip or coil, or a vapor filled bellows as illustrated in Fig. 1. 



Bi-Metallic 
straight strip type 


Oji 


ICQ 



Bi-Metallic 
cuived strip type 


Fig. 1. Typical Thermostatic Elements 


Immersion Thermostats are used for controlling liquid temperatures. 
The sensitive element will normally be encased in a protective well which 
is inserted in the liquid, the temperature of which is being controlled. 

The temperature sensitive element will usually consist of a bi-metal 
coil, thermal expansion rod, or a vapor-filled system. If the latter is 
used the temperature sensitive bulb may be connected to the case of the 
instrument by either a flexible or rigid tube. 

Insertion Thermostats are similar to immersion thermostats except that 
they are for use in controlling the temperature of a gas such as air. The 
sensitive element will often be encased in a protective well which prevents 
mechanical damage but which permits the gas to come in direct contact 
with the element. 

Surface Thermostats include those devices which measure surface 
temperatures. These surface temperatures will often be an indirect 
measure of the temperature of a gas or fluid as in the case of a pipe within 
which water is flowing. The sensitive element will usually be placed in 
direct contact with the surface of the object whose temperature it is to 
measure and may consist of a bi-metal spiral or vapor-filled bellows. 
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Humidity Controls: Humidity controls are defined as automatic 
devices reacting to changes in relative humidity. Within this group, the 
devices which operate in controlling humidity suppl3dng equipment are 
regulating devices and when operating only to prevent relative humidity 
from exceeding a predetermined maximum are a form of limit control. 

The humidity sensitive element may consist of hair, paper, wood, skin 
or any other material which changes its dimensions with changes in 
humidity. 

Controls are available provided with both temperature and humidity 
sensitive elements, which operate to maintain definite relations between 
dry-bulb temperature and relative humidity. 

Pressure Controllers: Pressure controllers are defined as devices 
reacting to pressure and pressure changes. Examples of such devices are 
the pressure controls governing the operation of refrigeration equipment 
from either head or suction pressure, devices reacting to steam or water 
pressure or the pressure of air in the distribution systems. 

Damper Motors : Damper motors are defined as specialized power 
units, the purpose of which is to position outdoor air, face, by-pass or 
distribution dampers, regulating the flow of air through the system. 
Connected by suitable linkages, these damper motors react at the com- 
mand of thermostats, humidity controllers and pressure controllers to 
adjust the air flow to the needs of the system. 

Control Valves : Control valves are defined as steam valves, water 
valves or air valves which may be adjusted at the command of con- 
trollers to regulate the flow of the medium passing through them to Ae 
needs of the system. Such control valves are usually constructed with 
an electric or pneumatic power unit connected to the valve stem so that 
the movement of the power unit will react to position the valve as con- 
ditions demand. 

Self-contained valves are also included under this classification. Their 
application is principally limited to the regulation of the steam supply to 
individual radiators in two-pipe low pressure steam heating systems, and 
the temperature of hot water supply tanks. 

Solenoid Valves : Solenoid valves are, as their name implies, valves 
actuated by the magnetic effect of an electric solenoid built within them. 
While normally these valves are opened when the solenoid is energized, 
they are sometimes built in a reverse acting manner and closed when 
energized. In heating, ventilating and air conditioning systems, they 
are normally adapted to the control of oil or gas burners as fuel valves,^ as 
water valves on humidifiers, or as refrigerant valves in refrigeration 
systems. 

Rela3rs : A relay is defined as a unit installed between a controller and 
the device under control, for pui^poses of amplifying the capacity of the 
controller or performing an auxiliary control function. For example, a 
thermostat, in order to preserve its sensitivity may be constructed so that 
it is not capable of handling the power required of a motor. A relay is, 
therefore, installed between the two. The thermostat actuates the relay 
and the relay, in turn, actuates the motor. Motor driven switching 
devices are also often used as relays. 
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TYPES OF AUTOMATIC CONTROL 
Operating Media or Source of Power Supply 

Automatic control systems may be classified in three broad groups 
based upon their primary operating media or source of power, as follows: 

1. Electric Control Systems. In such control systems the primary 
medium utilized to provide for the operation is electricity, and the basic 
function of these controls consists of switching or otherwise adjusting 
electric circuits to govern electric motors, relays or solenoids. The 
individual units of this type of system are interconnected by line voltage 
or low voltage wiring, and this wiring serves to complete the circuits 
carrying the commands of the controllers to the controlled valves or 
damper motors. 

2. Pneumatic Control Systems. In the pneumatic control systems, the 
primary source of operation is obtained through a medium of compressed 
air, the pressure of which is varied by the controlling devices. In these 
systems one or more centrally located air compressors furnish a supply of 
compressed air which is distributed in special piping to the various con- 
trolling and controlled devices. By means of leak ports or orifices, the 
pressure of the air is varied in the branch lines and the changing pressures 
are utilized in air operated damper motors or valves to obtain the move- 
ment necessary to the operation of valves and dampers. 

3. Self-Contatned Control Systems. Self-contained control systems 
have, in general, been restricted to such operations as could be effectively 
handled by a power unit with integrally mounted or direct-connected 
controller. Such applications consist of valves utilized to admit steam or 
other media into coils to regulate the temperature of tanks or to regulate 
the admission of steam into heating coils or radiators as determined by 
the controller element. 

Motion of Controlled Equipment 

Automatic control equipment can also be classified into two general 
types with respect to the characteristics of the motion imparted by the 
controls to the controlled equipment, such as two position or positive 
acting control and modulating or graduated action control. 

In any control system it is necessary to choose the type of equipment 
whose characteristics permit the type of control operation desired and in 
many cases both types of control are used in the same system to best 
meet various requirements. 

1. Two Position or Positive-acting Control. This type of control operates 
positively between two positions such as on and off or open and closed 
with no intermediate positions or degrees of motion between the two 
extremes of operation. A simple thermostat which starts and stops an 
oil burner or a unit heater motor is an example of this type. As applied 
to a valve or a damper, the action of the controlling device would serve 
to fully open or fully close the valve or damper. 

In some applications of this type of control, artificial heat is applied to 
the sensitive element of the room thermostat at the same time that heat 
is being added to the space under the control of the thermostat in order to 
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increase its sensitivity. This usually results in more accurate control and 
more frequent operation of the heat source. 

2. Modulating or Graduated-acting Control. This type of control causes 
motion in the controlled device in proportion to motion caused in the 
controller by fractional degree variations in the medium to which the 
controller is responsive. After a fractional change has been measured at 
the controller and has effected a new position of the valve or damper in 
proportion to the amount of such change, the system stands by awaiting 
further change at the controller before any additional motion occurs. 
The extent of the motion is limited only by the limits of the controller and 
by the intensity of the change of conditions as measured. With this tjqDe 
of control, the damper or control valve may be operated in intermediate 
positions between its extreme limits in order to properly modulate or 
proportion the flow of air, steam or water, reacting with changes of con- 
ditions at the controller. Various modifications of this type of control are 
available, designed to meet special requirements and conditions, all based 
on operation of the controlled equipment in intermediate positions. 

This type of control motion cannot be used on valves of one-pipe steam 
systems as the partial opening of the valves will not permit the condensate 
to escape against the flow of incoming steam. This type of control should 
not be used to control the flow of steam to a heater coil of a fan system 
which is in the direct path of untempered outdoor air at temperatures 
below freezing, because of the possibilities of freezing condensate in the 
bottom of the coil. 

Division of Space under Control 

Control systems vary considerably with the type and size of the 
building, occupancy of the building, and with the heating or cooling 
system, humidity supplying equipment and ventilating means available 
for control. In the following paragraphs the general requirements of 
various phases of these different buildings will be discussed. 

1. Individual Room Control. The most accurate and flexible form of 
control for any structure is that calling for the regulation of each indi- 
vidual room by control equipment reacting to conditions in that room 
only. Such control necessitates a thermostat in each room, located to 
properly measure die conditions of the room, controlling the radiator, unit 
heater, unit ventilator or other heating source supplying heat to that 
room only in which the thermostat is located. This arrangement permits 
the maintenance of any desired conditions in any room, entirely inde- 
pendent of any other room. In the case of large rooms, where one ther- 
mostat location will not serve to properly measure the conditions through- 
out the room, and where two or more sources of heat supply are provided 
in the room, additional thermostats may be used, each controlling its 
respective section of the heating source. This form of control, due 
primarily to the number of control devices required over the entire 
building, normally is the most expensive type of control system. How- 
ever, where maximum flexibility and the most accurate control is desired, 
individual room control can be depended on to furnish the desired results. 

2. Single Thermostat Control. Probably more widely used than any 
other form of control is the type of automatic system regulated entirely 
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from a single room thermostat. The wide use of this particular means of 
control is primarily due to the fact that it is the form of regulation best 
adapted to residences and small buildings, which far out-number the larger 
structures. In larger buildings, this form of control has definite short- 
comings. In the small buildings and average size residences it is possible 
to select a location and install a thermostat of suitable characteristics 
which, in controlling from the surrounding air temperature, will hold the 
temperature of the entire building within entirely satisfactory limits. It 
must be recognized that the thermostat reacts to and controls froin ^e 
temperatures to which it is subjected and that, therefore, the position 
selected for the thermostat must be representative of general conditions 
throughout the structure. It must further be recognized that if certain 
areas or rooms of a structure are not properly balanced as regards heating 
or cooling capacity and distribution, the control as dictated by the ther- 
mostat will not produce satisfactory results in these unbalanced areas. 

3. Zone Control, As the size of buildings increases, it becomes in- 
creasingly difficult to provide proper regulation for the entire structure 
from a single thermostat control. In such instances, where the advantages 
of individual room control are not obtainable by reason of its cost, an 
intermediate form of control system is available, commonly described as 
zone control. In this form of control system a building is divided into 
areas or zones such that the general requirements and the general con- 
ditions through the areas are relatively constant as to exposure and 
occupancy, and then each zone is provided with control equipment which 
functions to regulate the conditions in that particular zone. As in the 
case of individual room control, each zone may be regulated to its own 
needs which may vary from the needs of other zones within the same 
structure. 

Variations of the usual zone control methods by the use of recently 
developed special devices have been quite successful in obtaining greater 
economy from heating systems. Frequently these use an outside ther- 
mostat or group of thermostats which adjust the operation of the controls 
to conform to variations in weather conditions. 

CENTRAL FAN SYSTEMS 

A central fan system includes any conditioning system by which either 
outdoor air, return air, or combinations of outdoor and return air, are 
conditioned at a central point and then distributed through duct work to 
the various sections of the space being conditioned. 

Heating Cycle 

Central fan ventilating systems may be sub-divided, first into split 
systems, by which air is supplied for ventilating purposes only and heat is 
supplied, in winter from another source such as direct radiation; and 
second, into combined systems, in which the functions of ventilation and 
heating are both performed by the central fan system. 

^ A control system for a central fan ventilating system using all outdoor 
air and discharging air at a predetermined temperature is illustrated in 
Fig. 2. Thermostat Ti locat^ in the outdoor air intake is set just above 
freezing, and controls valve Vi on the first heating coil. This valve must 
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be completely open or completely closed to avoid danger of freezing* 
The by-pass damper around the heaters and the other two valves F2 and 
V3 are controlled by thermostat T2 located in the discharge duct from the 
fan. If the temperature of the discharge air increases, through the action 
of !r2 the damper is moved automatically to admit more cold air. Should 
this not reduce the temperature sufficiently, the valves V2 and V3 on the 
heating coils will be closed gradually and in sequence until the correct 
temperature is reached. The control of the damper and valves V2 and 
V3 must be gradual or there will be a wide fluctuation in temperature* 
In ventilating systems it is customaiy to supply air to the ventilated 
spaces at an inlet temperature approximately equal to the temperature 
maintained in the rooms. The radiators therefore are designed to take 
care of all the heat losses from the room and in order to maintain con- 
trolled room temperatures it is necessary to control the radiators in- 
dependently of the ventilation control. 


inssftwn thermostat 



In some installations, such as theatres and auditoriums, it is difficult 
to install sufficient direct heating surface to offset the heat losses from the 
room. There are also installations where a short heating-up period is 
allowed before occupancy of the room, and in these cases it is necessary 
to use the entire heating capacity of the ventilating system for this 
purpose. An additional tiiermostat may be installed in the room which 
will take the control away from the fan discharge thermostat {T2 in 
Fig. 2 ) and utilize the full heating capacity when the room is below normal 
temperature. 

In central fan systems, air washers are often used and in such cases, 
due to the effect of temperatures on humidity, additional control is 
required. An arrangement with control of the second tempering heating 
coil from the air w^er temperature and with the usual control of the 
first tempering heating coil from the outside temperature is shown in 
Fig. 3 . This permits the air to be kept cool while passing through the 
washer so that too much moisture will not be absorbed. Control of the 
reheating units and by-pass damper by an insertion thermostat in the 
fan discharge, and the application of a pilot thermostat to a system of this 
sort is illustrated in Fig. 3 . 
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Where a number of rooms are to be heated and ventilated through one 
central fan system it is customa^ to provide tempering heating units, 
automatically controlled to provide a minimum temperature for venti- 
lation only and additional heating units to supply the heating require- 
ments. These reheating units may be located in the various branch ducts 
to the different rooms, each under control of its individual room ther- 
mostat, or individual ducts may be run to the various rooms from the 
central unit. In this case reheater coils are provided to maintain a 
predetermined temperature in a warm air chamber. Each room duct is 
connected to this warm air chamber and to the tempered air supply, and 
through the action of a room thermostat on a gradual-acting double 
mixing damper the proper proportions of warm and tempered air are 
secur^ to maintain desired conditions in the room. 

In all types of central fan systems, the outdoor air damper is usually 
opened and closed by a damper motor controlled from a manual switch 


PiJotroom n 
IhermootBt'^ 



Fig 3. Control of Ventilating System with Air Washer Using Pilot Thermostat 

or by a relay in the fan motor circuit, so arranged that when the fan 
motor is started, the relay causes the damper motor to open the outdoor 
air damper. 

Recirculating and vent dampers may also be opened and closed by 
means of damper motors controlled from remote locations. Generally 
these damper motors are positive acting and are either completely open 
or closed. However, in some cases, where part outdoor air and part 
recirculated air is desired, it is advantageous to control the dampers so 
that definite proportions of damper opening area exist. In some instal- 
lations the control of outdoor air and recirculating dampers is under the 
command of a thermostat at the intake to the conditioner, in which case 
the proportions of outdoor and recirculated air are fixed by the resultant 
temperature of their mixture. This arrangement tends to reduce the 
amount of outdoor air used as the outside temperature is lowered. 

The operation of a central fan ^stem during the heating cycle often 
results in unfavorably low relative humidity and the provision and 
control of humidity becomes an important factor of the system. If water 
spray humidification is used, control may be effected by a humidity con- 
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troller actuating a control valve in the water supply to the sprays. If 
steam humidification is used, either of the steam jet type or of the steam 
heat^^ evaporating type, the flow of steam may be controlled from the 
humidity controller in the ventilated space. Where an air washer is used, 
approximate control of humidity may be obtained by maintaining the air 
temperature in the air washer at a predetermined desired dew-point 
temperature. 

For example, the dew-point temperature at 70 F and 40 per cent 
relative humidity is 45 F. Therefore, if the air temperature is maintained 
at 45 F as it leaves an mr washer (assuming it is fully saturated) and then 
is heated to 70 F, it will have a relative humidity of 40 per cent. If it is 
desired to maintain these conditions in a given space, the air temperature 
can be raised to any necessary point, say 120 F (at which the relative 
huniidity will be only 9 per cent). When the heat in the air has been 
dissipat^, the space temperature being maintained at 70 F, the relative 
humidity will be 40 per cent. 

Whenever moisture is being added to the air during the heating cycle 
by the use of a spray or any other means, a considerable amount of care 
must be used, in order to prevent frost from collecting on the windows due 
to the air being reduced below its dew-point at the inside surface of the 
windows. 

Cooling Cycle 

Central fan cooling systems are divided into two general groups based 
upon the methods employed to control the temperature and humidity of 
the treated space. Cooling normally involves the removal of moisture 
from the air, and to accomplish this end the temperature of the air must 
be lowered below the dew-point. The air at this low temperature must 
then be treated or introduced into the room in such manner as to avoid 
uncomfortable cold drafts. 

In the first group the air is supplied from the conditioner after being 
cooled and dehumidified to a fixed temperature and humidity and then 
before entering the treated space is reheated. This is accomplished either 
by passing the air through coils heated with steam, hot water, or other 
heating medium, or the air from the conditioner is mixed with recirculated 
air before entering the conditioned space. 

In the second group are those systems which use the treated space as a 
mixing chamber, the air being supplied to it at the temperature and 
humidity leaving the conditioner and depending upon diffusion in the 
conditioned space to give ultimately the correct conditions. In these 
systems the temperature and humidity of the treated space are measured 
and govern, through control of the cooling means, the temperature and 
the humidity of tie air leaving the conditioner. 

In Fig. 4 is represented one of the most simple central fan types of 
cooling system. Thermostat T measures the temperature within the 
treat^ space and operates to start and stop the refrigeration compressor 
or to control the supply of refrigerant to the cooling unit as required to 
maintain a fixed temperature in the space. 

There are three general methods for the control of relative humidity 
in central fan cooling systems, which are 
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1. By provision for limiting the relative humidity in addition to the temperature at a 
definite point. When this method is used, either temperature or humidity may demand 
operation of the cooling source regardless of whether or not the other factor has been 
exceeded. The use of a high limit humidity control in this manner is desirable during 
conditions of high relative humidity but its operation may cause excessive cooling unless 
some method of reheating is employed 

2 By the maintenance of a fixed effective temperature By this method, a definite 
relation is maintained between temperature and humidity, ana sensible cooling is done 
whenever possible instead of the removal of latent heat in the form of moisture 

3 By the maintenance of a fixed dew-point in the air discharge This method usually 
provides for the control of relative humidity within the space being conditioned between 
reasonable limits, but does not take into consideration any change in the latent heat 
load, as compared to the sensible heat load 

The necessity for varying inside temperature conditions in accordance 
with changes in outdoor conditions on many types of installations is 
important. A control system is shown in Fig. 5 where the temperature 
of the treated space is adjusted according to the outdoor temperature. 



Thermostat Ti measures the outdoor temperature and thereby auto- 
matically determines the inside dry-bulb temperature control point. 
Thermostat T^in the conditioned space measures the temperature of that 
space and controls the refrigerant to the cooling coil so as to maintain the 
temperature in the space being conditioned at the point which has been 
set up by thermostat Ti. 

It is usually found desirable to adjust the indoor temperature between 
available limits with the outdoor temperature all of which is fully described 
in Chapter 3. Various combinations of control may be applied to cooling 
systems to secure desired relationship between outdoor temperature and 
resultant indoor temperature and humidity. 

All Year Systems 

An all year central fan conditioning system consists of the combination 
of a ventilating system and a cooling system. 

During certain seasons of the year, it is sometimes possible to control 
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the dew-point of the air discharged from an air washer by regulating the 
relative quantities of outdoor and return air. The use of this method for 
controlling the outdoor and return air dampers may also provide for 
automatic change-over from the heating to cooling cycles, providing 
thereby for the maintenance of a fixed dew-point temperature in the air- 
discharge during both cycles. 

Complete automatic control of all year systems incorporates an auto- 
matic change-over between the cooling and heating cycles. If the instal- 
lation necessitates operation of manual switch or other device to change 
over between the heating and cooling cycles, then the control system is 
semi-automatic. The full automatic diange-over between cycles becomes 
particularly desirable in the early and late portions of the cooling and 
heating seasons when heating is required during the early and late portion 
of the day and cooling may be required during the middle of the day. 

A system for the control of an all year conditioning system providing 
for automatic change-over from the cooling to heating cycles is illustrated 
in Fig. 6. 



Fig. 5. Diagram of Compensated Cooling System Control 

During the heating cycle, thermostat Ti in the return air or room 
measures the temperature of the conditioned space and modulates control 
valve 7i which, in turn, modulates the flow of steam to the heating coil 
so as to maintain a fixed temperature in the space. Humidity control Hi 
measures the relative humidity in the space being conditioned and opens 
control valve F 2 so as to admit water to the sprays whenever moisture is 
required in the air. 

During the cooling cycle, thermostat in the return air measures the 
temperature in the space being conditioned and modulates control valve 
Vz which, in turn, modulates the flow of water to Ae cooling coil so as to 
maintain a fixed temperature in the space. Humidity control measures 
the relative humidity in the space being conditioned and then assumes 
command of control valve Vz whenever the relative humidity exceeds a 
predetermined amount. 

During the heating cycle thermostat Tz acts as a low limit. It assumes 
command of control valve Vi whenever it is necessary to prevent the air 
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discharge temperature from falling below a minimum point Thermostat 
Ts may also be arranged to act as a low limit during the cooling cycle if the 
conditions of the installation make it desirable. 

Thermostat r 4 installed in the inlet to the conditioner controls damper 
motor Ml which in turn regulates the relative quantity of outdoor and 
return air admitted to the system. This damper action may be provided 
with a minimum setting of the outdoor air damper so that a minimum 
fixed requirement of outdoor air will be insured for ventilating purposes. 

Humidity control Us measures the outdoor air relative humidity and 
prevents the outdoor air damper from opening beyond its minimum 



Fig 6 Diagram of Complete Automatic Control All Year 
Air Conditioning System 


position whenever the outdoor air relative humidity exceeds a pre- 
determined point. 

When the fan is stopped, relay J2 positions damper motor Afi so as to 
close the outdoor air damper. 

Thermostat Ti must be set at a lower temperature than thermostat T 2 
in order that each may assume command upon the fall or rise respectively 
of the temperature of the return air. As an example, Ti might be set at 
72 F and r 2 at 76 F. When the temperature of the return air approaches 
72 F, it would indicate that a change had taken place from the cooling to 
the heating cycle and when the return air approaches 76 F, it would 
indicate that a change has taken place from the heating to the cooling 
cycle. 

UNIT SYSTEMS 

A unit system provides for the same functions as a centred fan system 
except that the actual conditioning is usually done within the space being 
conditioned instead of at some central location outside of the space. The 
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automatic control problems, therefore, become exactly the same as for 
central fan conditioning systems except that compactness, ease of instal- 
lation and control cost often assume somewhat more importance. 

Because of the usual segregated location of unit equipment throughout 
a building and its consequent lack of competent supervision, complete 
automatic control is essential to its satisfactory operation. 

Unit Heaters 

In its simplest form, unit heater control consists of a room thermostat 
the function of which is to start the unit heater motor when heat is 
required and shut it off when the demand is satisfied. With this limited 
control, it is possible in some instances that, with no steam available at 
the heater, the operation of the fan at the command of the thermostat 
would cause objectionable drafts. To prevent this occurrence, limit 
controls are available which will prevent the operation of the fan at the 
command of the room thermostat except when steam is available, as 
determined by the temperature of the steam or return pipe or the pressure 
of the steam supply. 

^ In some cases it is desirable to operate the unit heaters continuously for 
circulation of air where, due to the type of installation, cold drafts will not 
result therefrom. In such instances the room thermostat regulates the 
supply of steam to the unit through a control valve in the steam supply 
line and the unit heater motor operation is manually controlled. 

Where several unit heaters serve a limited area, they may be grouped 
for purposes of automatic control, and several heaters placed in operation 
at tie command of one thermostat. By properly grouping the units which 
will operate together, the benefit of zone control can often be obtained 
with a minimum of control equipment. Where such group operation is 
utilized, the thermostat and limit control usually function through a relay, 
as the combined load of the several motors may exceed the current 
capacity of the thermostatic control device. 

Cooling Units 

The recommended form of temperature control for tlie cooling unit 
contemplates the continuous operation of the cooling unit fan with auto- 
matic two position regulation of the compressor or cooling coil as deter- 
mined by a room thermostat or by a temperature controller nieasuring 
the temperature of the return air as it is taken into the cooling unit. 
Such operation insures continuous circulation of the air in the room served 
by the cooling unit, and in addition to providing the cooling effect due to 
the moving air, diis circulation overcomes the tendency of air to stratify. 
Thus, as ttiis temperature tends to rise, the temperature controller will 
open the valve supplying either refrigerant or cold water to the cooling 
unit coil or start the compressor. 

Cooling units may also be controlled by arranging the room thermostat 
to start and stop tihe fan motor or by a combination of motor and refrig- 
erant control. 

A humidity controller may be used in conjunction with the thermostat 
as a high limit control to permit the cooling and dehumidifying of the air 
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whenever the relative humidity rises above some predetermined point 
such as 60 per cent even though the thermostat is satisfied. This control 
is desirable on damp days or in conditions where the humidity load may 
become excessive, but its operation will result in excessive cooling unless 
some means of reheating is provided. 

Unit Ventilators 

There are various types of unit ventilators available but in general all 
types are designed to draw air from the outside or to mix outside and 
recirculated air, heat it and introduce it into the room under control of a 
thermostat. 

In the application of control to unit ventilators the essential require- 
ment is that the action be graduated to prevent sudden changes in the 
temperature of the discharged air and where direct radiation is used in 
conjunction with the unit that the cycle of control be so arranged that 
steam will be admitted to the direct radiation only when the unit is 
unable to carry the heating load. This arrangement prevents the unit 
from delivering air at low temperatures to offset the overheating effect 
of the direct radiation and results in the delivery of a higher percentage of 
tempered air. 

There are two general types of control applied to unit ventilators as 
follows. 

1. The mixing or by-pass damper type of unit is provided with a damper, equipped 
with a damper motor, which, under control of the thermostat, passes air through and 
around the heating element in such proportion as to maintain a uniform room tempera- 
ture, the two streams of cold and tempered air being mixed and diffused at the ceiling 
A control valve may also be used on the steam supply to the heating element of the unit 
and should be arranged to throttle the steam supply when the damper approaches a 
position to by-pass all of the air 

The outside air damper of this t37pe of unit is usually provided with a damper motor 
and controlled by a remote manual switch to assume either a fully open or fully closed 
position 

2. The recirculating type of unit ventilator is equipped with a control valve on the 
steam supply to the heating element of the unit and with a damper motor on the outside 
air-recirculating air damper, both under the control of the room thermostat. Some units 
are so arranged that a mixture of outside air and recirculated air passes through the 
heating element and others so that only the recirculated air is heated. 

The fundamental requirements of control as applied to this type of unit is that the 
steam supply to the direct radiation, the steam supply to the unit ventilator and the 
mixing of outside and rearculated air be accomplished in a definite cycle or sequence to 
meet the requirements of the particular unit used and differs from the mixing damper type 
of unit in that the percentage of outside air and recirculated air delivered by the unit is 
determined by room temperature. The damper motor is sometimes arranged so that a 
fixed minimum quantity of outside air is delivered continuously as soon as the room has 
reached a predetermined temp^ture A limit thermostat, either in the mixing chamber 
or in the discharge of the unit, is sometimes used in conjunction with the room ther- 
mostat, so arranged that the action on either the control valve or the dampers, or both, 
is stopped when a predetermined minimum temperature has been reached in the unit 
discharge, to prevent delivery of air at a lower temperature. 

For additional information on the control of unit ventilators when 
installed and operated under various types of applications refer to 
Chapter 13. 
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All Year Conditioning Units 

It IS desirable to provide for automatic change-over between the cooling 
and heating cycles in the control system for all year conditioning units 
because of the probable necessity of changing over a large number of units 
if done manually. 

A control system for an all year conditioning unit providing for the 
automatic change-over is shown in Fig. 7. Operation of the control 
equipment is as follows: 

1. During the Heating Cycle. Combination controller Ti measures the 
temperature in the space being conditioned and opens control valve V 2 
so as to admit steam to the heating coil whenever heat is required so as to 
maintain a fixed temperature in the space. Combination controller T 1 
also measures the relative humidity in the conditioned space and opens 



Fig. 7. All Year Air Conditioning Unit with Complete Automatic Control 

control valve Vi so as to admit water to the sprays whenever moisture is 
required in the space. 

2. During the Cooling Cycle. Combination controller measures the 
temperature and humidity in the conditioned space and opens refrigerant 
control valve Fs, thereby admitting refrigerant to the cooling coil when- 
ever cooling is required to maintain the temperature or relative humidity 
within predetermined maximum limits. 

The temperature control point of controller Ti must be set at a lower 
point than that of controller T%m order to provide for the automatic 
change-over between the cooling and heating cycles. As an example, 
controller Ti might be set at 72 F and controller Tj at 76 F. As the 
temperature in the space approaches 72 F, it would indicate a change from 
the cooling to the heating cycle and when the temperature in the space 
approaches 76 F, it would indicate a change from the heating to the 
cooling cycle, and the corresponding controllers would assume command. 
In the same way, the relative humidity control point of controller 
would be set at a lower point than that of controller r 2 . As an example, 
Ti might be set at 35 per cent and r 2 at 60 per cent. 
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CONTROL OF AUTOMATIC FUEL APPLIANCES 

It is essential that automatic controls be used with oil burners, gas 
burners, and stokers in order to maintain even temperatures and provide 
safe and economical operation of the heating plant. There are many 
types of burners and many types of automatic control, and it is essential 
that the proper type of control equipment be selected to fulfill the require- 
ments of the burner equipment and its application. 

Combustion regulation equipment should be used on the larger com- 
mercial and industrial applications to control the secondary air supply and 
thereby provide for economical operation. This type of control will 
usually consist of a pressure regulator which measures and controls the 
pressure over the fire and which thereby indirectly regulates the carbon 
dioxide percents^e in the flue gas. 

On all automatically fired steam boilers it is advisable to provide 
control equipment which will stop the burner operation in case the boiler 
water line f^ls below a predetermined level of safety. 

Thermostats used to control automatic fuel appliances may be provided 
with clock mechanisms which will operate to maintain lower temperatures 
during night hours for economy of fuel. 

Oil Burner Controls 

In the normal oil burner installation as encountered in residential and 
small commercial installations, the burner operation is frequently regu- 
lated by electric controls and primarily governed by a room thermostat. 
It is essential that a limiting control be incorporated in the control system 
to prevent the temperature of the heating medium from exceeding any 
predetermined safe maximum. The type of limit control selected will 
depend on the type of the heating system. In a warm air furnace instal- 
lation, a limit control would be used, reacting to the temperature of the 
heated air in the bonnet of the furnace; in a hot water system a control 
reacting to the temperature of the water in the boiler; and in a steam 
system a control reacting to the pressure of the steam in the boiler. 

In addition to the normal control of the burner from the room ther- 
mostat and limit control, it is necessary that a combustion safety device 
be used to prevent operation of the burner under hcizardous conditions. 
The oil fire is automatically ignited by means of gas, electric spark or 
incandescent element and the combustion safety control acting through a 
sequence device permits the burner operation only when the fire is prop- 
erly established as the burner starts up. A further function of the com- 
bustion safety control is to react to any major disturbance in the flame 
during the running operation, shutting down the burner and preventing 
the discharge of unburned fuel if for any reason the flame is extinguished. 

Gas Burner Controls 

In the case of the domestic burner, full automatic operation is the 
normal requirement and the burner is started and stopped at the com- 
mand of a room thermostat which, in turn, opens and closes a control 
valve in the gas supply line. For purposes of preventing abnormally high 
temperatures in the bonnet of gas fired furnaces or in the temperature of 
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the water in gas fired hot water heating boilers or excessive pressures in 
gas fired steam boilers, temperature and pressure limit controls are used. 
Ignition is normally secured through the use of a gas pilot flame and a 
safety device is provided, utilizing the heat of the pilot flame in such a 
manner that if the pilot light is extinguished for any reason, the main gas 
valve cannot be opened. For satisfactory and economical operation, all 
automatically fired gas burners should be equipped with pressure regu- 
lators on the gas supply line. 

Stoker Controls 

Domestic stokers are normally placed under command of a room 
thermostat for primary operation subject also to the command of a limit 
control to prevent their operation when conditions in the boiler or furnace 
exceed predetermined safe maximums. Utilizing coal as fuel, automatic 
ignition is not provided and the stokers, once ignited, maintain their fire, 
merely changing the rate of combustion by changing the draft and the 
rate at which the coal is fed. Thus, at the command of the room ther- 
mostat the stoker motor is started, driving a forced draft fan and fuel 
feeding mechanism. The rate of combustion is thus increased and this 
operation continues until the thermostat has been satisfied when the 
motor is stopped and the fuel in the combustion chamber continues to 
burn at a slow rate with reduced draft. 

At certain seasons of the year, the operation of the stoker under the 
requirements of the thermostat may be so infrequent that there is a 
possibility of the fuel in the combustion chamber burning out or the fire 
going out between operations. To prevent this occurrence, automatic 
controls may be utilized to operate the stoker independently of ther- 
mostat requirements, sufficiently to sustain the fire either through a 
timing device functioning for short periods at predetermined intervals or 
through a temperature control device reacting to minimum stack or 
boiler temperatures. Control may also be utilized to prevent stoker 
operation and the delivery of coal into the combustion chamber in the 
event that the fire has gone completely out. This control is governed 
normally by the stack temperature and shuts down the stoker after a 
predetermined minimum stack temperature is reached. 

RESIDENTIAL CONTROL SYSTEMS 

The control installation in a residence may vary from the simple 
regulation of a coal-fired heating plant to the completely automatic all 
year air conditioning system. Residential installations with automatic 
fuel burning appliances, such as oil burners, gas bmners or stokers, are 
normally equipped with single room thermostat, limit and safety controls 
as outlined above under Control of Automatic Fuel Appliances. 

Coal-Fired Heating Plant 

Control in the normal coal-fired domestic heating plant consists of 
regulating tie combustion rate in accordance \nth requirements. This 
function is accomplished by a spring or electric-driven damper motor 
which under the command of a room thermostat and through chain 
linkage, operates the draft and check dampers of a boiler or warm air 

291 




American Society of Heating ani Ventilating Engineers Guide, 1937 


furnace. Such installation should be protected against excessive tem- 
perature or pressure by means of a limit control serving to check the fire 
when temperature or pressure conditions at the boiler or furnace reach a 
predetermined maximum. 

All Year Domestic Hot Water Supply 

Hot water or steam heating boilers with automatic fuel burning ap- 
pliances can be used for all year heating of domestic water supply. The 
fuel burning appliance in this case is controlled from the temperature of 
water or pressure of steam in the boiler to maintain uniform boiler con- 
ditions and domestic hot water is heated by means of an indirect heater. 
The heating of the residence is normally governed by means of a ther- 
mostat which operates a control valve in the flow line of a gravity hot 
water or a steam system, or controls the operation of a circulating pump 
in a forced circulation hot water system. 

Air Conditioning Systems 

Residential air conditioning systems are of various types normally 
including a heating source and a motor driven fan for circulating air. 
In addition, such installations may involve spray-head equipment, the 
purpose of which may be only to supply humidity, or which, is some 
instances, are of greater capacity and serve not only to humidify but to 
wash the air passing through them. It is also common practice to include 
dry filters to aid in air cleaning. Such installations distribute suitably 
heated and humidified air during the heating cycle, and during the summer 
or cooling cycle may be used effectively as conditioners if the washer unit 
is supplied with water at suitable temperature or if such an installation is 
equipped with other refrigeration means. 

During the heating cycle the regulation of temperatures is normally 
one or the other of the problems previously discussed in connection with 
the various types of heating sources described, such as the oil burner, gas 
burner, stoker or the coal-fired heating plaint under automatic control. 
Regulation of the humidity during the heating cycle is normally accom- 
plished by opening and closing a solenoid water valve supplying water to 
the spray-heads, Qie solenoid valve being under control of a room type 
humidity control. In the average installation the fan is permitted to run 
only during such intervals as the thermostat is calling for heat or at the 
command of a limit control to prevent the overheating of the bonnet of a 
warm air furnace. The limit control should also prevent the operation of 
the fan at the command of the thermostat until the circulating air tem- 
perature has increased to a predetermined point. 

When cooling equipment is provided in such installations, control 
during the cooling cyde will be an adaptation of the control prindples 
described for central fan systems selected for the t5pe of cooling equip- 
ment utilized. 

The selection of automatic control equipment for residential air con- 
ditioning systems is just as important as for commerdal installations. 
Fewer controls are generally used and systems are usually less com- 
plicated except in the case of a very large residence instedlation when the 
control system may become as complete as the commercial installation. 
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CONTROL OF REFRIGERATION EQUIPMENT 

The most common means of providing cooling for air conditioning may 
be divided into four general classifications as follows: 

Compressor Type Refrigeration 

Refrigeration compressors may furnish refrigerant to direct expansion 
cooling coils through which air is being passed, or to coils in cooling tanks 
through which water is passed which is then pumped to air washers or 
cooling coils through which the air is passed. 

In either case the compressor motor may be started and stopped in 
order to meet the demand for refrigeration or a pressure controller may be 
used to regulate the low side or suction pressure of the compressor. When 
the latter method is used, the flow of refrigerant to cooling coils may be 
regulated by the opening and closing of a solenoid refrigerant valve at the 
command of a temperature controller or thermostat. 

A high pressure cutout as an individual unit or in combination with 
either a temperature or pressure controller provides a safety feature 
against the development of excessive pressures on the high side of the 
compressor. 

Refrigeration by Ice 

When ice is used for the cooling or dehumidification of air, it is usually 
placed in bunkers and water is sprayed over it. This water, after being 
cooled, may be used in air washers or surface cooling coils and is usually 
returned to the bunker for additional cooling after being used. 

Control of the water temperature leaving the cold water tank may be 
maintained by a temperature controller, which measures the temperature 
of die water in the tank and modulates a control valve in a by-pass which 
permits a portion of the return water to return directly to the tank 
instead of passing through the sprays. 

Vacuum Refrigeration 

A vacuum refrigerating system consists of an evaporator, compressor, 
condenser and auxiliaries. The refrigerant used is water, and water 
vapor (steam) is the power medium. 

Water which has been passed through an air washer or cooling coil is 
sprayed directly into the evaporator or water cooler where it is cooled by 
its own evaporation. A condenser is attached directly to the compressor 
discharge and its function is to recondense the water vapor drawn from 
the evaporator, plus the steam which supplies the energy for compression. 

The temperature of the cold water leaving the flash chamber should be 
measured by a temperature controller which will in turn operate a two 
position or positive control valve installed in the steam line to the jet so 
as to permit steam to flow only when cooling is required. If city water is 
used in the condenser, the amount of water should be modulated according 
to the demand as measured at the condenser outlet by means of a tem- 
perature controller and control valve. 
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Refrigeration by Well Water 

When well water is available in sufficient quantities at low temperatures 
during the cooling season, it may be pumped directly to air washers or 
cooling coils Control is usually effected through control valves on the 
water supply to the cooling unit actuated by temperature or humidity 
controllers, or both, located either at the outlet of the conditioner or in 
the conditioned space. 


INDUSTRIAL PROCESSES 

There are many industrial processes requiring automatic temperature 
and humidity regulation. The control equipment operates on the same 
principles that have been described, but it is often especially designed for 
each particular process. Each installation, or the installation for each 
process, is likely to be a problem peculiar to that process. 


PROBLEIWS IN PRACTICE 

1 • What important functions of heating, ventilating, and air conditioning 
systems do automatic controls fulfill? 

Controls are applied to maintain adequate requirements for human comfort and efficiency; 
to maintain requirements for industnal processes, to obtain economy in operation, and 
to provide necessary safety measures. 

2 • How may temperature control be obtained in a room heated by a unit 
heater? 

With constant steam supply, the unit heater motor may be started or stopped by a 
thermostat, either directly or through a relay. With intermittent steam supply, opera- 
tion of the motor by thermostat can be limited to the time that steam is available, by 
using a reverse-actmg temperature or pressure limit switch. 

3 • How may temperature control be obtained in a room cooled by a s^- 
contained mechanical unit? 

The fan op^tion may be controlled by a manual switch, while a room thermostat in con- 
junction with a solenoid valve may r^^ulate the flow of the refngerant to the coil. The 
thermostatic circuit might be operative only when the fans are running; and the com- 
pressor might be controlled by refrigerant pressure. 

4 • How may temperature control be obtained in a room heated by an auto- 
matically-fii^ warm air furnace? 

A room thermostat might control the combustion unit, and a limit switch in the top of 
the furnace unit, when at a low settmg of its control might operate the fan whenever 
there is a rise of temperature, and when at a high setting of its control it might shut off 
the combustion unit. A room humidity control operating a solenoid valve on the water 
supply to the humidifier, or oi^rating a relay on the recirculating pump motor to the 
humidifier, may be connected in parcel wid the fan motor. Humidification may be 
supplied only when heat is supplied and when the humidity control acts in conjunction 
with a time switch. 


5 • How may hiunidity be controlled in a unit humidifier for a steam or hot 
water heating plant? 

Since heat is required for evaporation, a temperature limit switch, preferably of the 
immer^on type, may be placed in the heating supply nser to cause the unit to be in- 
operative when heat is not available. A room huimdity control will operate a solenoid 
valve on the water supply to the sprays. Both the solenoid valve and the humidity 
control may be electrically wired m parallel with a fan motor, and be subject to the 
temperature limit switch. 
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AIR POLLUTION 

Sources of Air Pollution.^ Effects of Air Pollution on Healthy Pul- 
moruiry Effects, Occlusion of Solar Radiation, Industrial Air 
Pollution, Abatement of Atmospheric Pollution, Smoke Abate- 
ment, Dust and Cinder Abatement 

T his chapter considers the hygienic aspects of atmospheric pollution 
and the methods by which this pollution may be lessened. Infor- 
mation concerning the cleaning of air brought into buildings for ventilat- 
ing purposes will be found in Chapter 16, and a discussion of the exhaust- 
ing of dusts and toxic gases from factories and industrial plants is con- 
sidered in Chapter 21. 

The impurities which contribute to atmospheric pollution include 
c^bon from the combustion of fuels, particles of earth, sand, ash, rubber 
tires, leather, animal excretion, stone, wood, rust, paper, threads of 
cotton, wool, and silk, bits of animal and vegetable matter, and pollen. 
Microscopic examination of the impurities in dty air shows that a large 
percentage of the particles are carbon. (See Fig. 1, Chapter 16, for size 
of impurities in air.) 

CLASSinCATION OF AIR IMPURIHES 

The most conspicuous sources of atmospheric pollution may be 
arbitrarily classified according to the size of the particles as dusts, fumes, 
and smoke. Dusts are partides of solid matter varying from 1.0 to 150 
microns in size. Fumes indude partides resulting from chemical pro- 
cessing, combustion, explosion, and distillation, ranging from 0.1 to 1.0 
micron in size. Smoke is composed of fine soot or carbon particles, less 
than 0.1 micron in size, whidi result from incomplete combustion of 
carbonaceous materials, sudi as coal, oil, tar, and tobacco. In addition to 
carbon and soot, smoke contains unconsumed hydrocarbon gases, sulphur 
dioxide, sulphuric add, carbon monoxide, and other industrial gases 
capable of injuring property, vegetation, and health. 

The lines of demarcation in these three classifications are neither sharp 
nor positive, but the distinction is descriptive of the nature and origin of 
die partides, and dieir physical action. Dusts settle without appredable 
agglomeration, fumes tend to aggregate, smoke to diffuse. Particles 
larger than one micron will eventually settle out by gravitation ; particles 
smaller will remain in suspension as permanent impurities unless they 
agglomerate to sizes larger than one micron. 
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The term fly-ash is usually applied to the extremely small particles of 
ash, and the term cinder to the larger particles of coke and ash which are 
discharged with the gases of combustion from burning coal. 

AIR POLLUTION AND HEALTH 

Many kinds of dusts and gases are capable of produang pathological 
changes which may cause ill health. The harmful effects depend largely 
upon the chemical and physical nature of the impurities, and the con- 
centration, length of time, and conditions under which they are breathed. 
Dust particles must be minute in size to be inhaled at all, although fairly 
large particles may gain access to the upper air passages. 

The human body possesses remarkable filtering media for protecting 
the lungs. Small hairs which line the nasal passages, and a multitude of 
microscopic hairs, called cilia, in the epithelial lining in the bronchial 
tubes intercept many of the dust particles before they reach the lungs. 

The constant inhalation of dusts in city air irritates the mucous mem- 
branes of the nose, throat, and lungs, and eventually may produce dis- 
comfort and a series of minor respiratory disorders. The pigmented lung 
of the city dweller is an example of the pathological change produced over 
a period of years. This condition may be of no clinical importance, but 
an exaggeration of it in the coal miner results in anthracosis or dark spots 
on the lung due to the presence of pigment in the lymph channels which 
impairs the functioning of the lung cells under stress. 

Effects of Solids 

Bronchitis is the chief condition associated with exposure to thick dust, 
and follows upon inhalation of practically any kind of insoluble and non- 
colloidal dust. Atmospheric dust in itsdf cannot be blamed for causing 
tuberculosis, but it appears to have a marked influence in aggravating the 
disease once it has stairted. There is, however, quite reliable evidence 
that carbon pigment, one of the atmospheric dusts, tends to wall off local 
tuberculosis rather than to further its spread. 

The sulphurous fumes and tarry matter in smoke are probably more 
dangerous than the carbon. In foggy weather the accumulation of these 
substances in the lower strata may be such as to cause irritation of the 
eyes, nose, and respiratory passages, leading to asthmatic breathing and 
bronchitis and, in extreme cases, to death. The Meuse Valley fog 
disaster will probably become a classic example in the history of gaseous 
air pollution.^ Released in a rare combination of atmospheric calm and 
dense fog, it is believed that sulphur dioxide and other toxic gases from 
the industrial region of the valley caused 63 sudden deaths, and injuries 
to several hundred persons. Physical examination showed difficult 
breathing, rapid pulse, cyanosis, cardiac dilation, and a redness and 
inflammation of tike mucosa of the nose, mouth, throat, trachea, and 
bronchi. 

Carbon monoxide from automobiles and from chimney gases con- 
stitutes another important source of aerial pollution in busy cities. 
During heavy traffic hours and under atmospheric conditions favorable to 
concentration, the air of congested streets is found to contain enough CO 
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to menace the health of those exposed over a period of several hours, 
particularly if their acti\dties call for deep and rapid breathing. In open 
air under ordinary conditions the concentration of CO in city air is 
believed to be insufficient to affect the average city dweller or pedestrian. 

Occlusion of Solar Radiation 

The loss of light, particularly the occlusion of solar ultra-violet light 
due to smoke and soot, is beginning to be recognized as a health problem 
in many industrial cities. Measurements of solar radiation in Baltimore^ 
by actinic methods show that the ultra-violet light in the country was 
60 per cent ^eater than in the dty. In New York City® a loss as great as 
50 per cent in visible light was found by the photo-electric cell method. 

The effect of air pollution on the health of city dwellers is difficult to 
determine, owing to the slowness of its manifestations. The aesthetic and 
economic objections to air pollution are so definite, and the effect of air- 
borne pollen can be shown so readily as the cause of hay fever ^d other 
allergic diseases, that means and expenses of prevention or elimination of 
this pollution have seemed justifiable to the public. 


AIR POLLUTION IN INDUSTRY 

In many industrial processes, sufficient amounts of dusts, fumes, and 
vapors are liberated to be injurious to the health of workers. Some dusts 
are poisonous (lead, mercury, arsenic, manganese, and cadmium) and 
some act as irritants (silica, steel, iron, and granite). Certain dusts may 
produce catarrhal conditions and increase susceptibility to such diseases 
as bronchitis, pneumonia, and tuberculosis. Silidous dust is especially 
harmful because it has a direct damaging action upon the tissue of the 
lungs, but organic dusts, both animal and vegetable (hair, pollen, textile, 
and fiber), do not seem to affect the lungs at il, although they may cause 
considerable discomfort in the upper respiratory- passages to persons 
sensitive to them. 

Industrial gases and fumes act spedfically upon the mucous mem- 
branes, ihe lungs, blood, skin, and eyes. Some extremely poisonous gases 
act after very short exposures. Among these are carbon monoxide, 
hydrogen sulphide, ammonia, chlorine, bromine, arsine, and cyanogen. 

The industrial processes which liberate harmful substances are too 
manifold and the ^ects too diverse to be considered here, where dis- 
cussion is limited to the commonest and most serious with which the 
ventilating engineer may be confronted, namely, carbon monoxide, lead, 
and silica. For a more thorough treatise on the subject reference should 
be made to books by Hamilton*, Rosenau*, and Henderson and Haggard®. 


Carbon Monoxide Poisoning 

Carbon monoxide is a common form of poisonous industrial gas, met 
with in mines, foundries, coke-oven sheds, garages, and houses. Its action 


^Effects of Atmospheric Pollution upon Incidence of Solar Ultra-Violet I^t, by J. H Shrader, M. H 
Coblentz and F A. Koiff (American Journal qf Public Health, p 7, VoL W 1929) 

Studies in mununation, by J E Ives (U S Public Health Sernce Bulletin No 197 . 1930). 

>Indu8tnal Poisons in the Umted States, by Alice Hanulton 
♦Preventive Medicine and Hygiene, by Milton J Rosenau 
*No 3 aou 8 Gases, by Y. Henderson and H Haggard 
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is due to the fact that the combining power of carbon monoxide with the 
haemoglobin of the red blood corpusdes is about 300 times greater than 
that of oxygen. Since the resulting stable combination destroys the 
power of the haemoglobin to unite with oxygen in the lungs and to supply 
it to the tissues, the effects are due to lack of oxygen, and the symptoms 
are those of anoxemia, namely, dizziness, headaches, sleepiness, fatigue, 
and, in extreme cases, paralysis and death. The dangerous saturation 
level of the blood with carbon monoxide is about 50 per cent. Even as 
little as 0.07 per cent in the air will render, in half an hour, one quarter of 
the red corpusdes incapable of uniting with oxygen. One to two parts 
per 10,000 parts of air is set as a safe limit of pollution which may be 
breathed for a long time without produdng perceptible symptoms. 

Silicosis 

Silicosis is a chronic disease of the lungs which results from the local 
physio-chemical action of hydrated silica upon the pulmonary tissue, 
causing progressive lymphatic fibrosis, and rendering the tissue suscep- 
tible to tuberculosis. The disease is slow in evolution, requiring usually a 
number of years of exposure. It occurs prindpally among granite 
workers, sand blasters, metal miners, metal polishers, potters, and mill- 
stone workers. 

Lead Poisoning 

Lead poisoning is the most insidious and most common of all industrial 
diseases. It occurs prindpally among lead workers and smelters, lead 
miners, potters, painters, t^esetters, stereotypers, plumbers, and 
workers with glass, gold and silver. Lead, in practicaily all forms, is a 
cumulative poison which is absorbed by way of the blood stream, chiefly 
from the respiratory tract, but also from the digestive tract and from the 
sldn. The effect may be either an acute or chronic poisoning. The 
prindpal symptoms are colic, constipation, anemia, headache, anorexia, a 
bluish line along the edges of the ^ms, rheumatic pains, and, in extreme 
conditions, paralysis, blindness, insanity, and death. 

It has been found® that 2 mg per day is the smallest dose, by inhalation, 
which in the course of years may result in lead poisoning. Regular 
inhalation during the usual working hours of air containing less than 
0.2 mg of lead per cubic meter does not seem to produce serious lead 
poisoning in individuals of representative industrial groups^. 

nrevention 

The prevention of industrial hazards from dusts and poisonous gases is 
largely a ventilation problem consisting of keeping the impurities in air 
down to a safe concentration. As yet there are no generally accepted 
standards on which to base the design of the ventilation equipment. 
Approximate data on the toxicity of various gases and fumes met with in 
industrial establishments are given in Table 1. Column 6, giving the 
maximum allowable concentrations for prolonged exposures, was com- 
piled from experiments in which most exposures lasted not more than a 


■Lead PoiBoning. by Thomas Momson Legge iJournal Royal Soaeiy Arts^ 1029, Vol 77, p 1023) 

^What is a Dangerous Quantity of Lead Dust in Air. by C. M Sails (Industnal Sygune BuHeHn, New 
York State Department of Labor. 1923) 
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week, and it is reasonable to assume that over more prolonged exposures 
such concentrations would cause pernicious effects. 

Much is known concerning the physiological and pathological effects 
induced by various types and concentrations of atmospheric pollutants. 
In the absence of an accepted standard for safe breathing, and because of 
the slow, cumulative effects of certain kinds of air contaminants, the 
best procedure is the periodic mechcal examination of individuals, and the 

Table 1. Toxicity of Gases and Fumes in Parts per 10,000 Parts of Air® 


Vafob OB Qas 


Rafidlt 

Fatal 


Mazimiju 

CONCEWPBATION 

FOBPBOIC 

TO 1 Hoitb 


^lAZDfUU 

Goncbntbation 

FOB 1 HoOB 


Mazdhai 
Allowablb 
FOB FBOIiOK4aD 

Ezposdbb 


Carbon monoxide 

Carbon dioxide 

Hydrocyanic acid 

Ammonia 

Hydrochloric aad gas.. 

Chlorine 

Hydrofluoric acid gas.. 

Sulphur dioxide. 

Hydrogen sulphide 

Carbon bisulphide. 

Phosphene: 

Arsine 

Phosgenei 

Nitrous fumes 

Benzene 

Toluene and xylene 

Aniline 

Nitrobenzene- 

Petrol 

Carbon tetrachloride... 

Chloroform. 

Tetrachlorethane. 

Trichlorethylene 

Methyl chloride. 

Methyl bromide. 

Lead vapor. 


40 15-20 

800-1000 

30 m 

50-100 25 

10-20 a 

10 H 

4 ^ 

10-30 5-7 

11 

20 4r^ 

Over >1 

190 

190 


243 100-220 

480 240 

250 140 

73 

370 

1500-3000 200-400 

200-400 20-40 



aOnemal data compiled by Y Henderson and H. Haggard (See Noxious Gasest 19^,) Data zevped 
by T M Legge. (See Lsssous Learned from Industrial Gases and Fumes, Institute of Chemistry of Great 
Britain and Ireland, London. 1930 ) 


routine measurement and study of the concentration and the ph3^cal and 
chemical characteristics of the dusts to which those individuals are 
exposed. 

SMOEE AND AIR POLLUTION ABATEMENT 

Successful abatement of atmospheric pollution requires the combined 
efforts of the combustion engineer, the public health office, and the 
public itsdf. The complete electrification of industry and railroads, and 
the separation of industrial and readential communities wquld aid 
materially in the effective solution of the problem. 

In the larg^e cities where the nuisance from smoke, dust and cinders is 
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the most serious, limited areas obtain some relief by the use of district 
heating. The boilers in these plants are of large size designed^ and oper- 
ated to bum the fuel without smoke, and some of them are equipped with 
dust catching devices. The gases of combustion are usually discharged at 
a much higher levd than is possible in the case of buildings that operate 
their own boiler plants. 

In general, time, temperature and turbulence are the essential require- 
ments for smokeless combustion. An5^ing that can be done to increase 
any one of these factors will reduce the quantity of smoke discharged. 
Especial care must be taken in hand-firing bituminous coals (See 
Chapter 27.) 

Checker or alternate firing, in which the fuel is fired alternately on 
separate parts of the grate, maintains a higher furnace temperature and 
thereby decreases the amount of smoke. 

Coking and firing, in which the fuel is first fired close to the firing door 
and the coke pushed back into the furnace just before firing again, pro- 
duces the same effect. The volatiles as they are distilled thus have to 
pass over the hot fuel bed where they will be burned if they are mixed with 
sufficient air and are not cooled too quickly by the heat-absorbing surfaces 
of the boiler. 

Steam or compressed air jets, admitted over the fire, create turbulence 
in the furnace and bring the volatiles of the fuel more quickly into contact 
with the air required for combustion. These jets are especially helpful 
for the first few minutes after each firing. Frequent firings of small 
charges shorten the smoking period and reduce Ae density. Thinner 
fuel beds on the grate increase the effective combustion space in the 
furnace, supply more air for combustion, and are sometimes effective in 
reducing the smoke emitted, but care should be taken that holes are not 
formed in the fire. A lower volatile coal or a higher gravity oil always 
produces less smoke than a high volatile coal or low gravity oil used in 
the same furnace and fired in the same manner. 

The installation of more modem or better designed fuel burning equip- 
ment, or a change in the construction of the furnace, will often reduce 
smoke. The installation of a Dutch oven which will increase the furnace 
volume and raise the furnace temperature often produces satisfactory 
results. 

In the case of new installations, the problem of smoke abatement can 
be solved by the selection of the proper fuel-burning equipment and 
furnace design for the particular fuel to be burned and by the proper 
operation of that equipment. Constant vigilance is necessary to make 
certain that the equipment is properly operated. In old installations the 
elution of the problem presents many difficulties, and a considerable 
investment in special apparatus is necessauy. 

Legislative measures at the present time are largely concerned with the 
smoke ^scharg^ from the chimneys of boiler plants. Practically all of 
the ordnances limit the number of minutes in any one hour that smoke of 
a specified density, as measured by comparison with a Ringelmann Chart 
(Chapter 43), may be discharged. 

These ordinances do not cover the smoke discharged at low levels by 
automobiles, and, although they have been instrumental in reducing the 
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smoke emitted by boiler plants, they have, in many instances, increased 
the output of chimney dust and cinders due to the use ojf more excess air 
and to greater turbulence in the furnaces. 

Legislative measures in general have not as yet covered the noxious 
gases, such as sulphur dioxide and sulphuric acid mist, which are dis- 
charged with the gases of combustion. Where high sulphur coals are 
burned, these sulphur gases present a serious problem. 

DUST AND CINDERS 

The impurities in the air other than smoke come from so many sources 
that they are difficult to control. Only those which are produced in 
large quantities at a comparatively few points, such as the dust, cinders 
and fly-ash discharged to the atmosphere along with the gases of com- 
bustion from burning solid fuel, can be readily controlled. 

Dusts and cinders in flue gas may be caught by various devices on the 
market, such as fabric filters, dust traps, settling chambers, centrifugal 
separators, electrical precipitators, and gas scrubbers, described in later 
paragraphs. 

The cinder particles are usually larger in size than the dust particles; 
they are gray or black in color, and are abrasive. Being of a larger size, 
the range within which they may annoy is limited. 

The dust particles are usually extremely fine; they are light gray or 
yellow in color, and are not as abrasive as cinder particles. Being ex- 
tremely fine, they are readily distributed over a large area by air currents. 

The nuisance created by the solid particles in the air is dependent on 
the size and physical characteristics of the individual partides. The 
difficulty of catching the dust and dnder partides is principally a function 
of the size and spedfic gravity of the particles. 

Lower rates of combustion per square foot of grate area will reduce the 
quantity of solid matter discharged from the chimney with the gases of 
combustion. The burning of coke, coking coal, and sized coal from which 
the extremely fine coal has been removed will not as a general rule produce 
as much dust and dnders as will result from the burning of non-coking 
coals and slack coal when they are burned on a grate. 

Modem boiler installations are usually designed for high capadty per 
square foot of ground area because such designs give the lowest cost of 
construction per unit of capadty. Designs of this type discharge a 
large quantity of dust and dnders with the gases of combustion, and if 
pollution of the atmosphere is to be prevented, some type of catcher must 
be installed. 

Dust and Cinder Catchers ^ 

The various types of dust and cinder catchers available today can be 
divided into six general dasses: 

1. Settling chambers. 

2. Dust and cinder traps. 

3. Centrifugal separators. 

•Smoke and Dust Abatement, by M D Engle (A.S.H.V.E TXANSAcnoNS ,VoL 37, 1931) 
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4. Electrostatic precipitators 

5. Gas scrubbers. 

6. Fabnc filters. 

The selection of the proper type of catcher calls for a careful study of 
the material to be caught and the draft and space available. After 
installation, constant vigilance is necessary to keep the catchers in proper 
working condition if satisfactory operation is to be obtained. 

If possible, the dust or cinder catcher should be installed on the inlet 
side of the induced draft fans because the dust and cinders in the gases 
seriously erode the wheels of the fans, the inlet connections and the 
scrolls. Where the induced draft fans operate at high tip speeds and no 
catchers ^e installed, it is not uncommon for the fans to require major 
repairs within one year and complete replacement within five years. 

Settling Chambers 

Probably the oldest form of dusf catcher is the settling chamber, 
which generally consists of a large-sized, gas-tight space into which the 
dust-laden gases are discharged before being delivered to the chimney. 
The velocity of the gas should be reduced to a point where the larger and 
heavier particles will be precipitated by gravity. For good operation, the 
velocity of the gas should be reduced to a maximum of 2 fps. The bottoms 
of the chambers should be provided with dump plates through which the 
collected dust can be removed. Because these chambers are not effective 
in removing the finer dust particles they have been practically superseded 
by smaller and less costly devices. 

Traps, Catchers, Precipitators 

Various types of traps have been devised. In general they all depend 
upon breaking the gas up into liin strata and subjecting those thin 
strata to several abrupt changes in direction. The dust is thrown out 
of the gas stream into specially shaped pockets, or impinged against a 
roughened surface. The trapping pockets are drained into a hopper 
below with a small quantity of gas and the dust settles out by gravity due 
to the low velocity in the hopper. In the roughened surface type, various 
sections of the trap are closed off at intervals by means of deunpers and 
the dust is shaken off the roughened surface into a hopper below. 

These devices work very well in catching large size dust and cinders and 
trap much of the fine dust. They have been used most extensively on 
stoker-fired installations. They have the advantages of low pressure 
drop, relatively small space requirements, and low first cost. 

Centrifugal catchers obtain separation by projecting the peuticles 
tangentially out of the gas stream. The effectiveness of this type of 
catcher varies directly as the specific weight of the dust and as the square 
of the tangential velocity, and inversely as the radius of rotation. 

Electrostatic precipitators are used for catching fine dust. These 
precipitators consist of dust-tight chambers in which are suspended rein- 
forced concrete slabs on about 10-in. centers. Between the slabs are 
suspended bare metal rods. High-voltage undirectional current is 
applied to the reinforcing rods in the concrete slabs acting as positive 
electrodes, the bare rods acting as negative electrodes. The dust-laden 
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gas flows horizontally through the precipitator and the dust particles 
migrate toward the concrete slabs to which they adhere and then fall or 
are scraped off into the dust hoppers below. 

Gas Scrubbers 

Wet scrubbers have been used for many years for removing dust from 
gases. ^ A number of different types of scrubbers are now being built for 
removing dust from boiler flue gases. One tj^e depends upon saturating 
the gas and washing the dust out of suspension by a spray of water. For 
best results with this type, the water should be atomized into as fine a 
spray as possible. 

Amother type depends upon splitting the gas into thin strata and 
subjecting these strata to a number of abrupt changes in direction, 
growing the dust against the wet surfaces. The main problem in develop- 
ing a satisfactory wet dust catcher is to find suitable materials of con- 
struction that will resist the corrosive action of the wash water for a 
reasonable length of time. 

Fabric Filters 

Filters of many kinds have been used with variable success. The 
filter bags are made of cotton, wool or asbestos fabric. The fabrics used 
in these filters do not withstand the temperatures at which gases are 
usually discharged from the boilers, and hence the gases must be cooled by 
some means. Surface coolers or water sprays can be used for reducing the 
gas temperatures. 

One of the serious objections to all of these dust catchers is the relatively 
high cost of installation and maintenance, and the space required for 
installation. 

Disposal of Dust and Cinders 

Even after the dust and cinders have been caught, the disposal of the 
material caught presents a serious problem. The cinders discharged with 
the gases from stoker-fired boilers are usually very high in carbon and 
contain from 50 to 80 per cent as much heat per pound as the coal which 
is being burned. It is possible, and usually economical, to burn these 
cinders. They cannot be satisfactorily mixed with the coal in the stoker 
hopper but they can be blown into the furnace over the stoker fuel bed 
and burned satisfactorily. If a sufficient quantity of cinders is caught, a 
small unit pulverizer can be installed to prepare them for burning over 
the stoker fuel bed. The same pulverizer can be used for coal at times of 
peak load and will materially increase the capacity of the fuel-burning 
equipment for the boiler to which it is connected. 

No satisfactory market has been developed for the dust caught from 
pulverized coal installations, but the possibilities are being investigated 
and it seems likely that in the future this material will have a market 
value that will go a long way toward paying the fixed charges on the cost 
of catching it. 

The distribution of dust in the gas entering and leaving the dust and 
cinder catchers is not uniform and is different in practically every in- 
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stallation, and varies widely with changes in furnace conditions. In 
order to obtain a representative sample it is necessary to traverse the 
inlet and outlet of the catcher with a sampling tube which faces into the 
gas flow. The velocity of the gas into the sampling tube must be the 
same as the velocity of the gas in the duct at the instant the sample is 
taken. The swirls and eddy currents in the ducts make it difficult to 
obtain consistent readings, but if the test is conducted by some one of 
experience, an indication of the approximate efficiency can be obtained. 

Nature's Dust Catcher 

Nature has provided means for catching solid particles in the air and 
depositing them upon the earth. A dust particle forms the nucleus for 
each rain drop and the rain picks up dust as it falls from the clouds to the 
earth. In fact, without dust in the air to form the nuclei for rain drops it 
would never rain, and the earth would be continually enveloped in a cloud 
of vapor. 


PROBLEMS IN PRACTICE 

1 # QasflUy the detrimental aspects of air pollution as it effects large industrial 
communities. 

Air pollution may be classified (a) medical, as it affects the physiological functions of 
people, (5) botanical, as it affects vegetation, trees, plants, shrubs and flowers, and (c) 
physical, as it affects the discoloration and deterioration of buildings, and the nuisance 
of soiled interior furnishings, clothes, merchandise, etc. 

2 • Distinguish between dusts, fumes, and smokes. 

Solid particles ranging in size from 1.0 micron to 150 microns are called dusts (micron = 
Ksiooo in ), 

Particles resulting from sundry chemical reactions and ranging from 0 1 to 1 0 micron in 
size are called fumes. 

Carbon particles less than 0 1 micron in size which generally arise from the incomplete 
combustion of such materials as coal, oil, or tobacco are called smokes 

3 # What are some of the more important physical properties of these various 
groups of foreign bodies which are of importance in ventilation? 

In slowly moving air, dusts tend to settle out by gravity without agglomerating to form 
larger particles, fumes have the tendency to form larger particles which will settle when 
they attain the size of approximately 1.0 micron; while smokes tend to diffuse and remain 
in the air as permanent impurities. 

4 # Why is atmo^heric pollution an important engineering problem? 

a. Certain impurities, when present in too great concentrations, cause zU health or even 
death. 

b. High concentrations of solids occlude solar radiations. 

k c. Some materials cause permanent injury to parts of buildings, as sulphur fumes corrode 
[exposed metal. 

4. Extra cleaning expense is incurred in dusty localities 
M, Internal combustion engines are damaged by abrasive dusts 

5 # How may the hazards of dust-producing industrial operations best be 
curtailed? 

By providing mechanical exhaust ventilation sufficient to keep dust concentration at a 
safe level (see Table 1) and then removing foreign bodies to reduce the pollution of out- 
side air. 
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6 ® How may the pollution of the atmosph^e be lessened? 

By compelling industrial plants to install dust catching and smoke controlling devices. 
In many aties the domestic heating plant is one of the most serious offenders, but these 
plants are too small to justify the installation of dust catchers. Public education in 
improved finng methods would be of considerable help m this field 

7 • Compare the dry and wet types of dust catchers. 

The dry types are very effective in removing the larger dust particles but the smaller 
particles generally pass through other kinds than the electric precipitator. The dry 
typw also require considerable space and therefore sometimes introduce resistance to 
the flow of air. The types are effective m removing some of the smaller dusts and the 
water-soluble gases The principal disadvantage of the washer is its short life caused 
by the corrosive action of the wash water. 

8 • What size particles are detrimental to health? 

While fairly large particles may enter the upper air pa^ges, those found in the lungs 
are seldom more than 10 microns in size, and comparatively few of them are more than 
5 microns. It is a^eed that particles between H and 2 microns may be harmful; some 
authorities place the upper limit at about 5 microns, and some inriine to extend the 
lower limit to 0 1 of a micron. 

9 # Is the shape of the particle of any significance? 

Hard particles with sharp corners or edges have a cutting effect on the delicate mucous 
membranes of the upper respiratory tract which may lower the resistance of the nose and 
throat to acute infections. This is ag^vated by the imtating effects of some chemiod 
compounds which may be taken in with the au: and which act to reduce resistance. 

10 # What are the principal meteorological effects of smoke and dust? 

a. The reduction in the amount of light received Measurements have shown that 
visible light may be as much as 50 per cent less intense in a smoky section of a dty than 
in a section that is free from smoke Ultra-violet light is reduced as much or more, and 
in some cases is cut out entirely for a time. 

5. Smoke and dust aid in the formation and prolongation of f<^. City fogs accumulate 
smoke and become darker in color and very obj'ectionable. The sun r^uires a longer 
time to disperse them, and when the water is evaporated, there is a rain of smoke and 
soot particles that have been entrained. 

11 • Why has not smoke abatement be^ more effective? 

Because communities have not been made sufficiently aware of the possibilities of 
burning high volatile fuels smokelessly and of separating cinder and ash from the stack 
gases to a d^ee that will prevent a nuisance 

12 • Is the abatement of dust and cinders important? 

Yes. Only a small percentage of the solid emission from stacks is smoke, in the accepted 
popular sense; the remainder is fly-ash and cinders. While black smoke is disagreeable 
and its tarry matter and carbon particles soil anything with which they come in contact, 
the cinders and some of the ash are hard and destructive. They also, together with 
dusts from industnal processes, make up the hard, sharp, irritating, air-bome solids 
that are breathed by individuals not working in a dusty mill or factory. 

13 # Are air-bome impurities causative factors in hay fever, bronchial asthma, 
and allergic disorders? 

Yes. Recent medical investigations indicate that 90 per cent of seasonal hay fever and 
40 per cent of bronchial asthma are caused by air-bome pollens, tree dusts, and other 
allergic irritants. 

14 • Name some essential requirements for the smokeless combustion of fu^. 

Time, temperature, and turbulence. A study of these factors is usually of value in 
overcoming a smoke nuisance. 


305 



American Society of Heating and Ventilating Engineers Guide, 1937 


15 # What is the Ringehxiaim Chart Method of comparing smoke densities? 

See Chapter 43 The Ringelmann Chart consists of four cards ruled with lines having 
different degrees of blackness These cards, together with a white card and a black one, 
are hung in a horizontal row 50 ft from the observer At this distance the lines become 
invisible and the cards appear to be different shades of gray, ranging from white to black 
The observer, by matching the cards against the shades of smoke coming from a stack, is 
able to estimate the blackness of the smoke as compared with the chart 
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AIR CLEANING DEVICES 

Air Cleaner Requirements^ Classifications, Air Wtishers and Scrubs 
hers. Viscous Type Filters, Unit Filters, Automatic Filters, Dry 
Air Filters, Air Filter Installations 

T he removal of impurities from air brought into a building, or from 
air recirculated in a building for ven^ating or air conditioning 
purposes is the function of any air cleaning or filtering device. Thfese 
impurities include carbon (soot) from the incomplete combustion of fuels 
burned in furnaces and automobile engines, particles of earth, sand, ash, 
automobile tires, leather, animal excretion, stone, wood, rust and paper, 
threads of cotton, wool and silk, bits of animal and vegetable matter, 
bacteria and pollen. ^ Microscopic examination shows that the character 
of the impurities varies with the locality, but as a rule carbon forms the 
greater part of them while the total is somewhat proportional to the state 
of industrial activity and the wind intensity. Additional information on 
sources of air pollution will be found in Chapter 15. 

Observations have shown that the largest percent^e of atmospheric 
impurities are less than 5 microns in size. (One micron equals 0.001 
millimeter or approjdmately 0.00004 in.) The size and composition of 
each individual particle determines its buoyancy and consequently the 
length of time it will remain in suspension. The chart, Fig. 1, shows 
graphically the sizes of impurities found in the air, and other relat^ data. 

To estimate the probable dust load for mr filter installations, the 
following approximate averages of atmospheric dust concentration may 
be used (7000 grains equal 1 lb) : 

Rural and suburban districts 0.2 to 0.4 grains per 1000 cu ft 

Metropolitan districts 0.4 to 0.8 grains per 1000 cu ft 

Industrial districts 0.8 to 1.5 grains per 1000 cu ft 

Am CLEANER REQUIREMENTS 

To fulfill the essential requirements of dean air, an air deaner should: 

1 Be efficient m the removal of harmful and objectionable impurities in the air, such 
as dust, dirt, pollens, bacteria. 

2 Be efficient over a considerable range of air velocities 

3 Have a low frictional resistance to air flow; that is, the pressure drop across the 
filter, measured in inches of water, should be as low as possible. 

4. Have a large dust-holding capacity -mthout excessive increase of resistance, or 
have ability to operate so as to keep the resistance constant automatically. 

5. Be easy to clean and handle, cleans itself automatically, or else be inexpensive 
enough to replace when ffirty. 

6. Leave the air passing through the cleaner free from entrained moisture or charging 
liquids used in the cleaner 
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The American Society of Heating and Ventilating Engineers 
has developed a code^ which explains how such devices are rated by (1) 
capacity in cubic feet of air handled per minute, (2) resistance in inches 



LAWS OF SETTLING 
IN RELATION TO 
PARTICLE SIZE 
(limes op demarcation approx ) 


PARTICLES FALL WITH 
INCREASING VELOCITY 


c»Velocity cm /wc 

CXi/clocity ft/mir. 

790 075 00036 S 

^ d-Diam of por- 

0 0073 I g C«e 49 VDs, tide in cm 


p-Diom of par- 
J tide in Microns 


r* Radius of por- 
ticle m cm 


g-981 cm /sec** 


S|« Density of 
particle 

c -300,-460s,d* (vtry Small 
relative to s,) 
C-.0059Zs,D* *' 

7 -Vistosrty of 
air in poises 

-1814x10'^ for 

CUNNIMOHAM’S Oir at 70* F 
FACTOR 

oc / ^*10 * cm 

* ^ c-c‘(^l+K~y (Mean free 

^ K -.8 TO .86 

75xl0' S6S» 


U9IM3R PARTICLES MOVE LIKE 
' GAS MOLECULES 


BROWNIAN 

MOVEMENT 


A“ Distonce of 
motion in timet 


R*Gos constant 
- 6.316 X lO'' 


ya T — T - Absolute 

''•V N 3^ Tempemtar. 

N« Number of Gos 
molecules in 
one mol"6J)6x)6^ 


Compiled by W. G. Frank and Copynshted. 

Fig 1. Sizes and Chakacteristics or Aix-Bornb Solids 
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an automatic air cleaning device, and (6) dust holding capacity, the 
amount by weight of standard dust which a non-automatic air cleaning 
device will retain before reconditioning is necessary. 

CLASSinCATION OF AIR CLEANERS 

According to the Code, the following four classifications are given the 
devices: 

Class A. Automatu^^ Type: In generd all air cleaning devices which use power to 
automatically recondition the filter medium and mainfciin a non-varying resistance to 
air flow. 

Class B. Low Resistance Non^Automatnc Type: Air cleaning de\dces for warm air 
furnaces, unit ventilating machines and similar apparatus and mstallations in which a 
maximum of not more than 0 18 in. water gage is available to move air through the air 
cleaning device 

CUus C, MMum Resistance Non-Automatic Type: Air cleaning devices for systems 
in which a maximum of not more than 0 5 in. water gage is available to move air through 
the air cleaning device. 

Class D, High Resistance Non^ Automatic Type: Air cleaning devices for the air 
intake of compressors, int^al combustion engines, and the like, where a pressure of 
1.0 in or more water gage is available to move air through the air cleaning device. 

Air cleaners may also be classified as follows: 

1. According to pnnciple of air cleaning. 

a. Air washers. 

b. Viscous air filters. 

(1) Unit type. 

(2) Automatic type. 

c. Dry air filters. 

2 Accordmg to application. 

a. For central fan systems of ventilation and air conditioning. Filters of the 
automatic or semi-automatic type, as well as the non-automatic viscous unit 
or dry type are usually recommended and are installed in a central plenum 
chamber. 

b. For unit ventilators. Filters of viscous unit or dry type, installed at inlet of 
individual units. 

c. For window installations. Self-contained units consisting of fan and filter, 
usually dry or viscous type, adapted to be placed in the ordinary window. 

d. For warm-dr furnaces. Unit type viscous or dry filters placed in small plenum 
chamber of warm-dr house heating systems. 

e For compressors and Diesel engines. Unit type viscous or dry filters, installed at 
air intake of compressors and Diesel engines. 

f. For compressed air lines. Unit type viscous or dry filters. 

With the growing congestion of lai^ dties and an^ industrial growth 
throughout me entire country, the percentages of foreign material in the 
£ur, such as soot or carbon, which are unaffected by an air washer type of 
air cleaner, have increased. This has brought about the development of 
the viscous and dry t3^e air filters which are part of many ventilating and 
air conditioning systems. 

AIR WASHERS AND SCRUBBERS 

Scrubbers have not been used very extensively in the past for deaning 
air for ventilating purposes. However, new types have been developed 
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which appear to have possibilities for cases where the air to be cleaned is 
extremely dirty or where a higher degree of cleanliness is desired than can 
be obtained with an air washer. Information on air washers will be 
found in Chapter 12 


VISCOUS TYPE FILTERS 

The principle of air cleaning used in viscous filters is that of adhesive 
impingement. Dust and dirt in the air, especially soot and carbons, are 
trappy and retained by successive impingements on coated surfaces. 
While the arrangements of filtering media and the kind of materials used 
are almost unlimited, there are certain rather definite requirements for a 
practical commercial filter. . 

Investigations in this country and abroad demonstrate that the first 
impingement of dust laden air on a viscous coated surface removes about 
60 per cent of the dust, the next impingement takes 60 per cent of what 
then remains — that is, 24 per cent — and the next impingement removes 
9.6 per cent. To secure maximum efficiency, it is necessary to divide the 
air into innumerable fine streams, as the more intimately and freely the 
air is brought into contact with the viscous-coated media the better will 
be the cleaning. 

The binding liquid used with viscous filters should have the following 
properties: 

1 Its surface tension, should be such as to produce a homogeneous film-like coating 
on the filter medium. 

2. The viscosity should vary only slightly with normal changes of temperature 

3 It should be germiadal in its action to prevent the development of mold spores 
and bactena on the filter media 

4. The liquid should have a high affinity for dust at low temperatures 

5 The liquid should have high capilanty, or ability to wet and retain the dust 

6 Evaporation should not exceed 1 per cent. 

7 It should be fireproof. 

8 It should be odorless. 

Viscous Unit Filters 

In the unit type viscous filter, the filtering media are arranged in units 
of convenient size to facilitate installation, maintenance, and cleaning. 
Each unit consists of an interchangeable cell or replaceable filter pad and 
a substantial frame which may be bolted to the frames of other like units 
to form a partition between the source of dusty air and the fan inlet. 
Where necessary reconditioning equipment should be installed near each 
group of unit filters, with hot water and sewer connections provided. 

To secure greater dust holding capacity and a practically constant 
resistance and air volume, the filter mecfia are usually placed in the 
direction of air flow, with progressively finer filter densities determined 
by the percentage of dust impinged. This arrangement provides relatively 
large spaces for the collection of dirt in the front of the filter where the 
bulk of the dust is taken out without undue increase in resistance, while 
at the back of the filter the openings are smaller to secure high efficiency 
in the removal of the finer dust particles. 

The resistance of a well-designed unit filter of the adhesive impinge- 
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ment type usually depends upon the velocity at which the air is handled 
and upon whether the unit is clean or dirty. The cleaning efficiency of 
the unit is usually highest after it has accumulated a certain portion of its 
maximum load of dirt because some dust collected in the cell acts as an 
efficient medium for the further seizing of solids from the air. By periodi- 
cally cleaning a predetermined number of cells, the resistance and capacity 
of a built-up filter may be held at any desired figure. The frequency of 
cleaning any unit filter installation depends upon the dust concentration 



Fig. 2. Chart Showing Change in Resistance Due to Dust Accumulation 



Fig. 3. Resistance to Air-Flow of Typical Unit Air Filters 


of air being cleaned, and on the amount of dirt which can be accumulated 
in the filter medium without causing excessive resistance. (Figs. 2, 3 and 4.) 

It is difficult to satisfactorily compare the cleaning efficiencies of various 
filter types unless the efficiency ratings are determined under laboratory 
conditions in accordance with some definite test procedure such as that 
developed by the American Society of Heating and Ventilating 
Engineers^ Efficiency tests made in the field with atmospheric dust are 
subject to so many variables that consistent comparisons are difficult. 
Of course there is no standard atmosphertc dust, as atmospheric dust varies 
widely in composition and concentrations in different localities. Wide 
variations are also found due to different seasons of the year as well as 


sLoc Cit. Note 1. 
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the time of day and the direction of the wind. A chart showing the 
increase in resistance of a unit filter of the viscous impingement type, 
when tested with the standard test dust described in the code®, is given 
in Fig. 2. The resistance to air flow of three typical clean viscous impinge- 
ment type filters having different media densities is shown in Fig. 3. 
Type A is a dense pack used in bacteria control; Type B is a medium 
pack used for general ventilation work and Type C is a low resistance unit 
for use where low resistance is the important factor and maximum cleaning 
efficiencies are not essential. The operating characteristics which might 
be expected under various dust concentrations with air filters having 
different dust-holding capacities are illustrated in Fig. 4. 

Filters consisting of inexpensive frames of cardboard or similar material 
filled with viscous-coated glass wool, steel wool or the like are available. 



Because of their construction these units may be discarded when dirty 
and replaced with new units at relatively little expense. They are used in 
general ventilation work and with warm air furnaces and other instal- 
lations where low first cost and low resistance to air flow are essential. 
The operating characteristics of these units conform in general with those 
of the rigid frame type. 

Viscous Automatic Filters 

The principle of air cleaning used in the viscous automatic filters is 
the same as in the unit filters. The removal of the accumulated dust, 
however, is done automatically instead of by hand. The automatic clean- 
ing and recoating of these filters is based on the principle that the viscous 
fluid itself will perform the cleaning function, tJiereby eliminating a sepa- 
rate w^hing fi^ent. The dust collected by the filter thus is deposited 
finally in the bottom of the viscous fluid reservoir from which it may be 
removed by different methods, depending on the design of the filter. 


*Loc Cit. Note 1. 
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There are three general types of automatic filters. They are differentiated 
from each other according to the process of self-cleaning and renewing 
of the viscous coating used by each type, as follows: 

1. The filter medium has the form of an endless curtain suspended vertically, with its 
lower portion submerged in a viscous fluid reservoir. The curtain rotates slowly through 
this bath, thus performing the cleaning and recoating of the filter medium. 

2. The filter screen is arranged in the form of shelves or cylinders, and the viscous 
fluid is flushed through all paits of the medium in a direction opposite to the air flow, 

3. The filter medium is arranged vertically and is stationary. The viscous fluid is 
flushed from above over the medium, while the air flow is stopped. 

The washing and renewing process in automatic filters usually is inter- 
mittent. It is accomplished by an electric motor or by other motive 
power and is controlled by manual or by automatic timing devices. The 
operating cycle is of a predetermined frequency and should be so timed 
as to insure a constant static pressure drop across the filter. The customary 
resistance to air flow is ^-in. water gage at an air velocity of 500 fpm, 
measured at the filter entrance. Automatic \dscous filters are made up in 
units which are delivered either fully assembled or in parts to be assem- 
bled at the point of installation. 

DRY AIR FILTERS 

Dry air filters, in which dust is impinged upon or filtered through 
screens made of felt, doth, or cellulose, are available in various types. 
These filters require no adhesive liquid, but depend on the straining or 
screening action of^ the filtering m^ium. Because of the dose texture 
of the filtering media used in most of the dry filters, the surface vdodty, 
or velodty of the air entering the media, ranges between 10 and 50 fpm, 
depending on the nature and texture of the fabric. This necessitates a 
rdativdy large screen surface, and the filter media are usually arranged 
in the form of pockets to bring the frontal area within customary space 
requirements. 

As in viscous unit filters, an average constant resistance and air volume 
may be obtained by periodic reconditioning or renewal of the filter 
screens. Since some materials suitable for dry filtering inedia are affect^ 
considerably by moisture which tends to cause a rapid increase in resis- 
tance, they should be treated or processed to minimize the effect of 
changes in humidity. 

Filters using felt and similar materials as filter media usually depend 
upon vacuum cleaning for reconditioning. A special nozzle, operated 
from a portable or stationary vacuum cleaner, is shaped to reach all p^s 
of the filter pockets. Permanent filter media should be capable of with- 
standing repeated vacuum cleanings without loss in dust removal efficiency. 
While most dry filters are cleaned by replacing an inexpensive filter sheet, 
the useful life of these sheets often may be lengthened by vibrating or 
vacuum cleaning. 

METHODS OF INSTALLATION 

The published performance data for all air filters are based on straight 
through unrestricted air flow. Filters should be instiled so that the face 
area is at right angles to the air flow whenever possible. Eddy currents 
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and dead air spaces should be avoided ^d air should be distributed 
uniformly over the entire filter surface, using bafHes or diffusers if neces- 
sary. 

The most important requirements of a satisfactory and efficiently 
operating air filter installation are: 

1. The filter must be of ample size for the amount of air it is expected to handle An 
overload of 10 to 15 per cent is regarded as the maximum allowable When air volume is 
subject to mcrease, a larger filter should be installed 

2. The filter must be suited to the operating conditions, such as dcCTee of air clean- 
liness required, amount of dust in the entermg air, type of duty, allowaole pressure drop, 
operatmg temperatures, and maintenance facilities. 

3. The filter ^e should be the most economical for the spedfic application. The 
first cost of the installation should be balanced against depreciation as well as expense 
and convenience of maintenance 

The following recommendations apply to filters and washers installed 
with central fan systems: 

1. Duct connections to and from the filter should change size or shape gradually to 
insure even air distribution over the entire filter area. 

2. Sufficient space should be provided in front as well as behind the filter to make it 
accessible for inspection and service. A distance of two feet may be regarded as the 
minimum. 

3 ^ Access doors of convenient size should be provided in the sheet metal connections 
leading to and from the filters. 

4. All doors on the clean air side should be lined with felt to prevent infiltration of 
unclean air. All connections and seams of the sheet metal ducts on the clean air side 
should be as air-tight as possible. 

5. Electric lights should be installed m the chamber in front of and behind the air filter. 

6. ^ Air washers should, whenever possible, be installed between the tempering and 
heating coils to protect them from extreme cold in winter time. 

7. Filters installed close to air inlet should be protected from the weather by suit- 
able louvers, in front of which a laige mesh wire screen should be provided. 

S Filters should have permanent indicators to give a warning when the filter re- 
sistance reaches too high a value. 
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Chapter 16 — ^Air Cleaning Devices 


PROBLEMS IN PRACTICE 

1 # Assume a fan and duct system wHch handled 10,000 cfm through clean 
jfilters with a system resistance of 0.8 in. of water and tl^t after the filters have 
become dirty the system resistance increases to 1.0 in. of water, and that the 
fan speed remains unchanged. Is there any way of pr^cting the volume of 
air delivered after the filter becomes dirty? 

Yes, If the performance curves for the particular make of fan are a\"ailable, the new 
volume may be determined from the resistance pressure curve. (Figs 1, 2, 3 and 4, 
Chapter 17 ) 

2 • What are the advantages of viscous filters? 

The pnncipal advantage of the viscous filter is its large dust holding capacity. The dust 
accumulation is distnbuted through the depth of the filtering medium rather than upon 
the surface as in the dry types, which makes it possible for viscous filters to handle 
heavy dust concentrations without excessive resistance Since its efficiency and resis- 
tance are based on maximum air velocities of from 300 to 500 fpm through the filter, 
the viscous filter consumes the minimum amount of space for a given air volume. 

3 # What are the advantages of dry filters? 

Dry filters are more efficient in the removal of fine dust particles from the air, and some 
types will eliminate even as much as 60 per cent of the smoke particles. Dry filters also 
are easily and conveniently maintained by vacuum cleanmg, vibrating, or renewing the 
filtering medium 

4 # If an air washer is used for cooling and humidity control in an air con- 
ditioning system, is a filter needed? 

An air filter is desirable in conjunction with an air washer because of the larp amount of 
soot in the air which, due to its greasy and amorphous nature, is not readily trapped in 
an air washer Filters should be placed between the washer and the air intake so that 
all the dirt will be collected at one point to simplify mamtenance and to protect all the 
equipment in the system. 

5 # Is an air filter needed with an extended surface type heat exchanger? 

An air filter is essential with an extended surface heat exchanger m order to maintain its 
efficiency, for without this protection dust particles will adhere to the «posed surfaces, 
and gradually build up a deposit to the pomt where the effiaency will be impaired and the 
resistance mcreased by restnetmg the air passage 

6 # What is the proper location of a filter in rdation to the fan? 

A filter will operate equally well whether placed on the suction or discharge side of ^e 
fan. It has become standard practice, however, to locate the filter on the fan inlet side 
because there it has* (1) simpler duct connections, (2) reduced static pressure losses, 
(3) more even air distribution over the entire ffit^ area Where an exceptionally high 
efficiency in dust removal must be maintained, it is often advisable to place the filter on 
the discharge side of the fan so there can be no infiltration of unclean air. 

7 # What instruments and apparatus are recpiired for determining the poUen 
concentration in air by means of the settling method? 

A microscope with a field of known area and a glass slide coated with a viscous material 

8 • Describe the procedure for determining the pollen concentration in air by 
means of the setting method. 

A glass slide coated with a viscous material is placed for a period of 24 hours in a hori- 
zontal position in the atmosphere to be tested The slide is then removed and pla^d 
under the microscope, and pollen counts are made of approximately 25 fields over the 
ar ea , of the glass slic^ Having determined the count over a definite area, as for e xam ple, 
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1 sq cm, and finding the settling rate of the average particles from the chart, Fig. 1, the 
concentration in parts per cubic yard can be calculated. 


9 # The resistance to air flow of a unit air filter is found to be 0.4 in. of water. 
The volume of air passing through the filter is 1000 cfm at a velocity of 200 fpm. 
What would be the filter area required in order to reduce the pressure &op 
across the filter from 0.4 in. of water to 0.16 in. of water? 


Refemng to Fig. 3: The resistance is substantially proportional to the square of the 
velocity, or 

TV 


0.4 ^ 2W 
0.16 Fa* 

Fs* = 16,000 
Fa = 126.5 fpm 
Q-^AV 
1000 = 126.5 A 


A 


1000 
126 6 


7.91 sq ft 


The filter area would be increased from 5 sq ft to 7 91 sq ft. 


10 • A ventilating system complete with filters has a fan which» when operating 
at 400 rpm and delivering air at 1 in. of water total static pressure, requires an 
input of 3 horsepower. After the system operates for a time, the pressure dlrop 
across the filter caused by the clogging action of the collected dust and dirt 
increases from 0.1 in. of water to 0.4 in. of water. To maintain the original 
rate of air delivery with the increased static pressure, at what speed must the 
fan be run and what horsepower will be required? 

Static pressure after clogging of filter = 1 *f (0.4 — 01)= 1.3 in of water. 

The static pressure varies as the square of the fan speed. Therefore, if J?" is the fan speed 
after the static pressure increases 


1^ f X y 
1 * \4007 

X = 456 rpm. 

The horsepower varies as the cube of the fan speed. Therefore, if 7 is the horsepower 
after the static pressure increases: 


J1 f_^y 

3 "1,400/ 

Y = 4.44 horsepower. 

To maintain the original rate of air delivery with the increased static pressure, the fan 
speed must be increased from 400 to 466 rpm, and the horsepower from 3 to 4.44. 
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Chapter 17 


FANS 

Classification^ Performance, Fan Efficiency, Characteristic 
Curves, System Characteristics, Selection c>f Fans, Controls, 

Fan Designations, Motive Potoer 

I N heating and ventilating practice, fans are used to produce air flow 
except where positive displacement is required, in which case com- 
pressors or rotary blowers are used. Fans are classified according to the 
direction of air flow as (1) axial flow or propeller type if the flow is parallel 
with the axis, and (2) radial flow or centrifugal type if the flow is parallel 
with the radius of rotation. 

Axial flow fans are made with various numbers of blades of a variety 
of forms. The blades may be of uniform thickness (sheet metal), either 
flat or cambered, or may be of varying thickness of so-called aerofoil 
section (airplane propeller type). Where an axial flow fan is intended for 
operation at comparatively high pressures the hub sometimes is enlarged 
in the form of a cfisc and the fan is known as a disc fan. 

Radial flow or centrifugal fans include steel plate fans, pressure blowers, 
cone fans, and the so-^led multiblade fans. All the foregoing types have 
variations which may be obtained by modification of the proportions or 
change in the curvature and angularity of the blades. The angularity of 
the blades determines the operating characteristics of a fan; a forward 
curved blade is found in a fan having slow speed operating characteristics, 
while a backward curved blade is found in a fan having high speed 
operating characteristics. 

A wide variation exists in the demands which have to be met by fan 
installations. A fan may be required to move large quantities of air 
against little or no resistance or it may be required to move small quanti- 
ties against high resistances. Between these two extremes innumerable 
specific requirements must be met. In general, fans of all types in each 
general class can be made to perform the same duty, although mechanical 
difficulties, noise or lack of efficiency may limit the use to one or another 
type. The most common field of service for fans of the propeller type is in 
moving air against moderate resistances, especially where no long ducts 
or heavy friction must be overcome and where noise is not obj^tionable, 
whereas centrifugal fans are commonly employed for operation at the 
comparatively higher pressures and where extreme quietness is necessary. 

FAN PERFORMANCE 

Fans of all types follow certain laws of performance which are useful in 
determining the effect of dianges in the conditions of operation. These 
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laws apply to installations comprising any type of fan, any given piping 
system and constant air density, and are as follows: 

1. The air capacity varies directly as the fan speed. 

2 . The pressure (static, velocity, and total) varies as the square of the fan speed. 

3. The power demand varies as the cube of the fan speed. 

Example 1, A certain fan delivers 12,000 cfm at a static pressure of 1 in of water 
when operating at a speed of 400 rpm and requires an input of 4 hp. If in the same 
mstallation 15,000 cfm are desired, what will be the speed, static pressure, and power? 


Speed = 400 X 1;^ 
Static pressure =» 1 X 


sure = 1 X « 


When the density of the air varies the following laws apply: 

4.^ At constant speed and capacity the pressure and power vary directly as the 
density. 


Example 2. A certain fan delivers 12,000 cfm at 70 F and normal barometric pressure 
(density 0 07492 lb per cubic foot) at a static pressure of 1 in. of water when operating at 
400 rpm, and requires 4 hp. If the air temperature is increased to 200 F (density 0 06015 
lb) and the spe^ of the fan remains the same, what will be the static pressure and 
power? 

o* i 0.06015 ^ . 

Static pressure = 1 X q 074 9 2 ’ = 0 80 m 


Power® 


0.06015 

0.07492 


3.20 hp 


5 At constant pressure the speed, capaaty and power vary inversely as the square 
root of the density. 

Example If the speed of the fan of Example 2 is increased so as to produce a static 
pressure of 1 in. of water at the 2(X) F temperature, what will be the speed, capacity, 
and power? 

Capadty = 12,000 X = 13,392 cfm (measured at 200 F) 

w 0.06015 

Power = 4 X - 4.46 hp 

J 0.06015 

6 For a constant weight of air. 

(а) The speed, capacity, and pressure vary inversely as the density 

( б ) The horsepower varies inversely as the square of the density 

Example 4* If the speed of the fan of the previous examples is increased so as to 
deliver the same weight of air at 200 F as at 70 F, what will be the speed, capacity, 
static pressure, and power? 

Speed = 400 X =498 rpm 

0 07492 

Capacity ® 12,000 X Q ~ Q g Q]^g “ 14,945 cfm (measured at 200 F) 
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0 074.02 

Static pressure -IX ” 1 26 in 

Power =4 X (^;gy= 6 20hp 


FAN EFnCEENCY 

The efficiency of a fan may be defined as the ratio of the horsepower 
output to the horsepower input. 

The horsepower output is expressed by the formula: 

Air Hoisepoweri = cfj? X total pressye m inches of wato ^ 


When the static pressure is used in the computation it is assumed that 
this represents the useful pressure and that the velocity pressure is lost 
in the piping system and in the air which leaves the system. Since in 
most installations a higher velocity exists at the fan outlet than at the 
point of delivery into the atmosphere, some of the velocity pressure at the 
fan outlet may be utilized by conversion to static pressure within the 
system, but owing to the uncertainty of friction losses which occur at 
the places where changes in velocity take place, the amount of velocity 
pressure which is actually utilized is seldom known, and the static pressure 
alone may best represent the useful pressure. 

The efficiency based upon static pressure is known as the static efficiency 
and may be expressed as follows. 

Static efficiency^ = static p ressure m inch es .g) 


Different fans may develop the same capacity against the same static 
pressure and with the same power input, and therefore operate at the 
same static efficiency, while maintaining different outlet vdodties. Where 
a high outlet velodty is desirable or can be utilized effectivdy, the static 
effidency fails to be a satisfactory measurement of the performance. In 
many applications of propeller fans, air is drculated without encountering 
resistance and no static pressure is developed. The static effidency is 
zero and its calculation is meaningless. Because of such situations where 
the static effidency fails to indicate the true performance, many engineers 
prefer to base the calculation of effidency upon the total or dynamic 
pressure. This effidency is vanously known as the total, dynamic, or 
mechanical effidency, cuid may be expressed as follows: 


Mechanical or Total efficiency^ 


cfm X total pressure in inches of water 
6356 X Horsepower input 


(3) 


CHARACTERISTIC CURVES 

In the operation of a fan at a fixed speed the static and total effidendes 
vary with any change in the resistance which is imposed. With different 
designs the peak of effidency occurs when the fans deliver different per- 


iSec Standazxl Teat Code for Diac and Propefler Fana Centnfusal Fans and Blowera. Edition of 
1932 
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centages of their wide-open capacity. Variations in efficiency accompany 
variations in pressures and power consumption which are characteristic of 
the indmdual designs and which are influenced particularly by the shape 
and angularity of the blades. Such variations in pressure, power, and 
efiiciency are shown by characteristic curves. 

Characteristic curves of fans are determined by tests performed in 
accordance with the Standard Test Code for Disc and Propeller Fans, 
Centrifugal Fans and Blowers* as adopted by the American Society of 
Heating and Ventilating Engineers and the National Association of 
Fan Manufacturers. The results of tests are plotted in different ways : the 



abscissae may be the ratio of delivery, assuming full open discharge as 
100 per cent, and the ordinates may be static pressure, dynamic pressure, 
horsepower and efficiency. Pressures may be expressed in per cent of the 
maximum pressure in the manner shown in the illustrations in this 
chapter, but in engineering calculations they are sometimes expressed in 
proportion to the pressures due to the peripheral velocity. 

It should be noted that characteristic curves of fan performance are 
plotted for a constant speed. Some variation in values of efficiency may 
occur at different speeds but such variation is usually slight within a wide 
range of speeds. Fans of similar design but of different size will also show 
some difference in efficiency. Figs. 1 to 4 show characteristic curves for 
different t^es of fans using blades of various shapes, but without reference 
to the design of housing employed. The efficiency curves are therefore 
not serviceable for making rigid comparisons of efficiencies obtainable 
with blades of the various shapes but are intended merdy to show reason- 
able values and more particularly to show the manner in which variations 
occur with changes in fan capacity. ' 


*A.S H.V^. Tkaksactions VoL 39, 1923. Aswoded June, 1981. 
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Aocial flow fan characteristics are indicated by Figs. 1 and 2. These 
fans, when properly designed, have a satisfactory^ efficiency at low 
resistance, comparing favorably in this respect with centrifugal fans. 
They are low in cost and economical in operation and occupy relatively 
little space. Although this type of fan can operate against considerable 
resistance, the noise often b^omes objectionable, so that it does not 
always compare favorably with centrifugal fans for such service. With 
most of the designs which employ blades of uniform thickness the power 
increases rapidly with an increase in resistance. 

The curves (Fig. 1) show the rapid reduction in capacity and increase in 
power as the resistance increases The low efficiency when overcoming 



heavy resistance is due to the low speed of the blades near the hub as 
compared to the relatively high peripheral or tip speed. The air driven by 
the blade area near the rim can pass back through the less effective blade 
area at the hub more easily than it can overcome the duct resistance. 

Fig, 2 shows the performance of the airplane propeller fan in which Ae 
blades are similar in shape to those of an airplane propeller but of varying 
number according to the pressure to be developed. This fan usually 
operates at a higher speed than does the former t>^e of propeller fan, and 
vnth a different power characteristic, the power remaining fairly constant 
throughout the range of pressures, being somewhat less at the higher than 
at the lower pressures. The flatness of the horsepower curve indicates 
the advantage of this type of fan in preventing overloading of motors 
where fluctuations in pressure occur. Variations in the diameter, width, 
pitch, camber, and the thickness of the blades provide a considerable 
degree of flexibility in design, so that the peak of total efficiency may be 
made to occur at wide-open volume or at various percentages of that 
volume. 

Another advantage of this type of axial flow fan is its low resistance s 
air passage when standing still. There are some installations in which 
such a characteristic is desirable. 
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The straight blade {paddle-wheel) or partially backward curved blade 
type of fan is practically obsolete for ventilation. Its use is largely con- 
fined to sudi applications as conveyors for material, or for gases con- 
taining foreign material, fumes and vapors. The open construction ^d 
the few large flat blades of these wheels render them resistant to corrosion 
and tend to prevent material from collecting on the blades. This type of 
fan has a good efficiency, but the power steadily increases as the static 



^ Per Cent of Wide Open Volume 

Fig. 3 Operating Characteristics of a Fan with Blades Curved Forward 


pressure falls off, which requires that the motor be selected with a moder- 
ate reserve in power to take care of possible error in calculation of duct 
resistance. 

forward curved mulhbladefan is the t3rpe most commonly used in 
heating and ventilating work, as it has a low peripheral speed, a large 
capacity, and is quiet in operation. The point of maximum efficiency for 
this fan occurs near the point of maximum static pressure. The static 
pressure drops consistently from the point of maximum efficiency to full 
open operation. The power curve rises continually from low to peak 
capacity, but if reasonable care is exercised in figuring resistance tihere 
is no danger of overloading the motor. 

The outstanding characteristics of the full backward curve midtiblade 
type fan are the steep pressure curves, the non-overloading power curve, 
and the high speed. (See Fig. 4.) This fan operates at a peripheral speed 
of approximately 250 per cent of the forward curve multiblade tjq^fe for 
like results. The pressure curves begin to drop at very low capacity and 
continue to fall rapidly to full outlet opening. The steep pressure curves 
tend to produce constant capacity under changing pressures. Where 
wide fluctuations in demand occur, this type of fan is desirable to prevent 
overloading of motors. The maximum power requirement occurs at 
about the ma^mum efficiency. Consequently a motor selected to carry 
the load at this point will be of sufficient capacity to drive the fan over its 
full range of capacities at a given speed. The high speed of this type 
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makes it adaptable for direct connected electric motor drives. The high 
speed may necessitate somewhat heavier construction and more operating 
attention or service. The dimensional bulk for a given duty often is 
150 per cent of that of a forward curve multiblade type fan. 

Between the extremes of the forward and the full backward curve blade 
type centrifugal fans a number of modified designs exist, differing in the 



Fig. 4. Operating Characteristics of a Fan with Blades Curved Backward 


angularity or in the shape of the blades. Common among these designs 
are the straight ra^al blade type, the radial tip type, and the double 
curve blade tjpe with a forward angle at the heel and a slight backward 
angle at the tip of the blade. Characteristic curves of these types show 
veirying degrees of resemblance to the curves of Figs. 3 and 4, according 
to the degree of similarity to one or the other of Ae two designs of fan 
considered. 

SYSTEM CHARACTERISTICS 

A given fan performs as determined by the real characteristic of the 
system to which it is attached. When a different performance of a fan is 
desired, it is necessary to either change the speed of the fan (as .4 to B or 
C to Din Fig. 5), or to change the system (as by moving a damper from A 
to C in Fig. 6). If the speed of the fan is changed, the new point of opera- 
tion is the intersection of the constant speed static pressure— cubic feet 
per minute curve for the new speed with the system ch^cteristic. If the 
system is changed, the new point of operation is the intersection of the 
constant speed static pressure, cubic feet per minute curve with the new 
system characteristic. 

Heating and ventilating systems follow the simple parabolic law quite 
closely but other types of systems follow some other more or less complex 
relation. The more complex systems can be separated into their com- 
ponent parts whose individual characteristics are known and the sum- 
mation of the characteristics of the several parts of a system will give the 
composite characteristic of the system, 

323 



American Society of Heating and Ventilating Engineers Guide, 1937 


SELECTION OF FANS 

The following information is required to select the proper type of fan: 

1. Cubic feet of air per minute to be moved. 

2. Static pressure required to move the air through the system. 

3. T5q)e of motive power available. 

4. Whether fans are to operate singly or in parallel on any one duct. 

5. What degree of noise is permissible. 

6. Nature of the load, such as variable air quantities or pressures 



Fig. 5 , Illustration of Operating Points of a Given Fan at Two Speeds 
ON the Same and Different Systems 


Knovring the requirements of the system, the main points to be con- 
sidered for fan selection are (1) efficiency, (2) speed, (3) noise, (4) size and 
weight, and (5) cost 

In order to facilitate the choice of apparatus, the various fan manu- 
facturers supply f^ tables or curves which usually show the following 
factors for each size of fan operating against a wide range of static 
pressures: 

n P®*" (68 F, 60 per cent relative humidity, 

0.07488 lb per cubic foot). 

2. Outlet velocity. 

3. Revolutions per minute. 

4. Brake power. 

6. Tip or peripheral speed. 

6. Static pressure. 
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The most ef&dent operating point of the fan is usually shown by either 
bold-face or italicized figures in the capacity tables. 


Fans for Ventilating and Air Conditioning Systems 

Two imporiant factors in selecting fans for ventilating systems are 
efficiency (which affects the cost of operation) and noise. First cost and 
space available are secondary. The fans should be selected to operate 
at maximum efficiency without noise. Because noise in a ventilating 
system is irritating and a cause for complaint, fans must be selected of 
proper size in order to reduce it to a minimum. Noise may be caused by 
other factors than the fan, namely, high velocity in the duct work, 
unsatisfactory location of the fan room, improper construction of floors 
and walls, and poor installation. Where noise is chargeable directly to 
the fan, it is caused either by excessive peripheral speeds, or the fan is of 
insufficient size. It should be remembered, however, that the tip speed 

Table 1. Good Operating Velocities and Tip Speeds for Forward Curved 
Multiblade Ventilating Fans 


Static Pribsubx 

Inchbs 0? Watks 

OUTLin VZLOCITT 

Fmr FIB Mcnm 

Tip Spzsd 

Fist pbb Mnnns 


1000-1100 

1520-1700 

H 

1000-1100 

1760-1900 


1000-1200 

1970-2160 

H 

1100-1300 

2225-2450 

H 

1200-1400 

2480-2700 

K 

1300-1600 

2660-2910 

1 

1600-1800 

2820-3120 

IK 

1600-1900 

3162-3450 

IK 

1800-2100 

3480-3810 

1 % 

1900-2200 

3760-4205 

2 

2000-2400 

4000-4500 

2K 

2200-2600 

4260-4740 

2K 

2300-2600 

4475-4970 

3 

2600-2800 

4900-6365 


required for a specified capacity and pressure varies with the type of 
blade, and that a tip speed which may be excessive for the forward 
curved type is not necessarily so for the backward or slightly backward 
type. A noisy fan usually is one which is operated at a point considerably 
beyond maximum efficiency. 

For a given static pressure there is a corresponding outlet velocity and 
peripheral speed wherein maximum efficiency is obtained. If a fan is 
selected to operate at this point, the cost of operation and the noise can 
be hdd within control. 

To aid in selecting fans as near as possible to the point of maximum 
efficiency, there are listed in Tables 1 and 2 for each static pressure cor- 
responding outlet velocities and tip speeds which will give satisfactory 
results. The proper tip speed for a given static pressure varies with the 
design of wheel and wiSi tiie number of blades or vanes in the wheel. 

Lower outlet velocities than those listed in Table 1 may be employ^, 
but care must be exercised to avoid selecting a fan for operation below its 
useful range- The useful range of the fans of Table 2 extends over the 
full length of the performance curve. 
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In exhaust ventilating systems where the air column moves toward the 
fan, noise due to the higher tip speeds and outlet velocities will not be 
so readily transmitted back through the air column to the building as 
when the air column is moving toward the rooms. Therefore higher 
outlet velocities may be used, but this will be at the expense of increased 
horsepower. 

Amply lai^e fans should always be used for both p:haust and supply 
systems, as there may be and usually is leakage despite the most careful 
workmanship, necessitating the delivery of more air at the fans than is 
^diausted from or supplied through the openings in the various rooms. 

Long runs of distributing ducts, heaters, and air washers require 
definite increments of the total pressure which a supply fan in a venti- 
lating system must overcome. These static pressures should be con- 
sidered when selecting the fan characteristics, speed, and power. 


Table 2 Good Operating Velocities and Tip Speeds for Multiblade Ventilating 
Fans witb Backward Tipped and Double Curved Blades 


Static PBiasiiRB 

Incebs Of Waxxb 

OoTLKT VbLOGITT 

FBUTpaa Mnnm 

Tip Spud 

Fust pbr Mindtb 

H 

800-1100 

2600-3100 

H 

800-1150 

3000-3500 


900-1300 

3400-4000 

H 

1000-1500 

3800-4500 

H 

1100-1650 

4200-5000 

K 

1200-1750 

4500-5300 

1 

1200-1900 

4800-5750 

m 

1300-2100 

5300-0350 

m 

1400-2300 

5750-6950 

IH 

1500-2500 

6200-7550 

2 

1600-2700 

6650-8050 

2M 

! 1700-2800 

7050-6550 

2H 

1800-2950 

7450-9000 

3 

2000-3200 

8200-9850 


Fans picked within the limits of Table 1 will operate close to the point 
of maximum efficiency. No attempt has been made to select these limits 
for quiet operation, since this is a relative term and varies with the type 
and location of the installation. 

The connection of a fan to a metallic duct system should be made by 
canvas or a similar flexible material so as to prevent the transmission of 
fan vibration or noises. Where noise prevention is a factor the fan and its 
driver should have floating foundations. 

Fans for Drying 

Both axial flow and centrifugal types of fans are used for drying work. 
Propeller fans are well adapted to the removal of moisture-laden air when 
operating against low resistance and when handling air at low tempera- 
tures. Motors on these fans usually are of the fully-enclosed moisture- 
proof types so that saturated air or air containing foreign material will 
not injure the motors. 

Unit heaters employing axial flow fans are widely used in the drying 
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field. In drying, these fans may be used with unit heaters where not 
too much duct work is required and where air is to be delivered against 
pressure, since the noise developed from the high peripheral speed of these 
fans is not ordinarily objectionable in process work. 

Centrifugal fans of the multiblade type generally are selected to supply 
air for drying, as they are capable of delivering large volumes of air 
against all pressures likely to be encountered. 

Belt driven fans usually are to be preferred to direct-connected fans 
since efficient motor speeds do not usually coincide with efficient fan 
speeds. Replacement of a standard motor is quick and easy if it is belted. 

Wherever drying is done throughout the year and where air require- 
ments change as the drying conditions change, the drying can be speeded 
up or reduced through control of the fan capacity. This may be done by 
(Changing the fan speed or by varying the outlet area with dampers. A 
throttled outlet reduces the volume and reduces the power. 

Due to the low speeds of forward curved multiblade or paddle-wheel 
type fans, these can be direct-connected to reciprocating steam engines, 
and the exhaust steam from the engines may be used in the heating 
apparatus. In selecting engine driven fans for drying processes, where a 
large quantity of exhaust steam is used in the heaters, a smaller fan and 
greater power consumption may be used, because power economy is not 
essential under this condition. 

Where static pressure in a dryer varies, and where several fans must 
operate in parallel, fans are to be preferred which have a continuously 
rising pressure characteristic, such as is given by backward-curved or 
double-curved blades. This type of fan is well adapted for direct-con- 
nected motors of die higher speeds. (See Chapter 41 on Drying Systems.) 

Fans for Dust Collecting and ConveTing 

The application of fans for handling refuse, dust, and fum^ generated 
by machine equipment is covered in Chapter 21. Information is given 
regarding the mediods for determining air quantities, the velocity required 
for carrying various materials and the mediod of determining maintained 
resistance or total static pressure at which the fan is to operate. The 
selection of a proper size fan is at times governed by the future requir^ 
ments of the plant. In many instances, additiond future capacity is 
anticipated and should be provided for. 

Having determined the necessary volume of air and the maintained 
resistance or static pressure required, the proper size fan may be selected 
from the fan manufacturers’ p^ormance charts or capacity tables. The 
fan chosen should be the size that will provide the required ultimate 
quantities with the minimum power consumption. 

FAN VOLUME CONTROL 

Some method of volume control of fans usually is desirable. This may 
be done by varying the peripheral velocity or by interposing resistance, as 
by throttling-dampers. Both methods, since they reduce the volume of 
air, reduce the power required. In many installations adjustments of 
volume are desirable during vsrying hours of the day. In others an 
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increased supply of in summer over that needed for winter is demanded. 
Experience is required in deciding whether speed-control or damper- 
control shall be used for specific cases. Where noise is a factor, it may be 
exceedingly desirable to reduce the speed at times, while on the other 
hand, any fan which has its normal speed reduced as much as 50 per cent 
without change in resistance will move only 50 per cent of the air. 

FAN DESIGNATIONS 

Facing the dnving side of the fan, blower, or blast wheel, if the proper direction of 
rotation is clockwise, the fan, blower, or blast wheel will be designated as clockwise. 
If the proper direcdon of rotation is counter-clockwise, the designation will be counter- 
dockmse, (The driving side of a single inlet fan is considered to be the side opposite 
the inlet regardless of the actual location of the drive.)* 

This method of designation will apply to all centrifugal fans, single or double width, 
and single or double inlet. Do not use the word "hand,” but speofy "clockwise” or 
" counter-clockwise.” 

The discharge of a fan will be determined by the direction of the line of air discharge 
and its relation to the fan shaft, as follows: 

Bottom hortzcnUal: If the line of air discharge is horizontal and below the shaft. 

Top horizontal: If the line of air discharge is horizontal and above the shaft. 

Up blast: If the line of air discharge is vertically up. 

Dawn blast: If the line of air discharge is vertically down. 

All intermediate discharges will be indicated as angular discharge as follows: 

Either top or bottom angular up discluurge or top or bottom angular down discharge, 
the smallest angle made by the line of air mscharge with the horizontal being specified. 

In order to prevent misunderstandings, which cause delays and losses, 
the arrangements of fan drives adopt^ by the National Association of 
Fan Manufacturers and indicated in Fig. 6 are suggested. 

If double width, double inlet fans are selected, care must be taken that 
both inlets have the same free area. If one inlet of a fan is obstructed 
more than the other, the fan will not operate properly, as one hedf of the 
wheel will deliver more air than the other half. The backward curved and 
double curved types with backward tip operate satisfactorily in double or 
in parallel operation. 


MOTIVE POWER 

It is no easy matter to predetermine the exact resistance to be encoun- 
tered by a fan or, having determined this resistance, to insme that no 
changes in construction or operation shall ensue whicii may increase air 
resistance, thus requiring more fan speed and power to deliver the required 
volume, or whicdi may reduce air resistance, thus causing delivery of more 
air and a consequent increase of power even at constant speed. 

It is recommended, therefore, for centnfugal type fans that the rated 
power to be supplied shall exceed the rated fan power by a liberal margin, 
when forward curved types are used. When backward or double curved 
blade types are used, motors with ratings very cdose to that of Ae fan 
horsepower demand can be employed, provided the fan has a limiting 
horsepower characteristic. 


*Recommendationa adopted by the JJatwnal AssocutHon <ff Fan Jdannfachtrars, 
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Justification for liberal power provision exists also in the possibility 
of varying demand due to changes in ventilation requirements, intensity 
of occupation, and weather conditions. 

The motive power of fans should be determined in accordance with the 
Standard Test Code for Disc and Propeller Fans, Centrifugal Fans and 
Blowers, as adopted by the American Society of Heating and Venti- 
lating Engineers and the National Association of Fan Manufacturers. 

Fans may be driven by electric motors, steam engines (either horizontal 
or vertical), gasoline or oil engines, and turbines, but as previously stated 
the drive commonly used is tlie electric motor. ' 
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PROBLEMS IN PRACTICE 

1 • What information must be supplied to the manufacturer when ordering 
a centrifugal fan? 

a. Size of fan (catalog number). 

1. Type of fan. 

c. Width of fan (single or double) 

d. Number of inlets (single or double). 

e. Fan perfornaance and kmd of apphcation. 

/ Direction of rotation (clockwise or counter-clockwise). 
g Direction of discharge (top horizontal, dojm blast, etc ). 

h. Drive arrangement (see Fig. 6) 

i. Style of housing (full, three-quarters, etc.). 

2 • In sdlecting fans for quiet operation in public buildings: 

a. Should the outlet vdlocity of the fan be limited? 

b. Should the tip speed of the fan be limited? 

a. Because all commercial f^s operating at pressures suitable for this class of work 
would be considered noisy if the fan were to discharge directly into the room, and 
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because the duct system on the fan dischai^e is depended upon to absorb a reasonable 
amount of fan noise, it is desirable to have a moderate run of duct work with some bends 
and elbows included as sound deadeners. Where this duct is of necessity very short, the 
outlet velocity must be kept down to the lower limits recommended in this chapter or 
else an efficient sound absorber must be used The experience of the engineer must be 
his guide in determining the allowable outlet velocity in each mdi\ndual case. 

b Tip speed should not ordinanly be limited, because different t>T)es of fan blades have 
entirdy different allowable tip speeds for quiet operation. A fan having a backvrard 
blade at the tip can run at much higher tip speed than can a forward cur\"ed or a straight 
blade fan, with the same degree of quietness 

3 # Is a direct connected or a bdted fan preferable in public building work? 

Where space is at a premium, direct connection is best Next in space economy is the 
short V-bdt drive. The flat bdt drive fan requires the greatest floor space. In this 
class of work, pressures are usually so low that even with Ibe high speed fans the motor 
cost IS greater for direct connected units than for bdt dnve fans 

4 # a. Wbat type fans are used in industrial work? 

b. Wbat outlet velocity is suitable? 

a. All of the centrifugal types are suitable, the disc and propdler types are suitable for 
low pressure work, or they are often used as exhausters. 

b. The outlet vdocities on fans for industrial work can be much higher than can those in 
public building work, where quietness is essential Fans should be sdected with outlet 
vdocities as recommended in this chapter, using the upper limit of velocities. 

5 • Are direct connected or bdted fans preferred in industrial work? 

In industrial applications, fans are often advantageously direct connected to motors. 
The pressures are usually high enough to use standard motor speeds. ^ The high speed 
types of fans have limiting horsepower characteristics so that little margin in power must 
be provided in the driving motor, Bdted fans may be used, but where high powder is 
required a special arrangement is often necessary for shaft and bearings on account of the 
weight of the sheave and the bdt pull. 

6 • A forward curved multiblade fan which requires 5.4 bbp is delivering 22,300 
cfim at 70 F against a resistance pressure of 1 in* of water at an outlet velocity 
of 1440 fpm: 

a. What is the static eflflciency? 

b. What is the total eflOlciency? 
a 66.3 per cent (see Equation 2) 

b. 74 5 per cent (see Equation 3). 

7 • If the above fan has a 54-in. diameter wheel and operates at 193 ^m, 
will it be suitable for a ventilating Installation where a minimum of noise is 
desirable? 

Yes The tip speed will be 2720 fpm and this, together with the 1440 fpm outlet vdodty, 
falls within the hmits given in Table 1 for 1-in. resistance pressure. 

8 # What objectionable feature is inh^ent in the ordinary propeller fan when 
it is operating at high resistance pressures? 

It must operate at a high speed with consequent noise 

9 • At what point should a fan be selected for operation, and why? 

At its point of maximum efiidency because the cost of operation and the noise produced 
will be least. 
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10 # In Fig. 3, a static pressure of 85 per cent of blocked tight pressure cor- 
responds to three dijfferent volumes, namely 11 per cent, 30 per cent and 48 per 
cent of wide open volume. What will determine which volume the fan dehvers? 

The fan can operate only at the intersection of its pressure-volume curve and the system 
characteristic The type of system, together with the specification of the volume at a 
certam static pressure, completely defines the system characteristic. 

As illu^ted in Fig 5, a given system charactenstic will mtersect the fan curve in only 
one point. 

If the 85 per cent value for static pressure is specified for the 48 per cent value of volume, 
it IS at once obvious that the same system will not have the same resistance at any other 
volume. 
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SOUND CONTROL 

Decibel Dtfinedf Apparatus for Measuring Noise, The Sound 
Control Problem, Acceptable Noise Levels, Controlling Vibration 
from Machine Mountings, Controlling Noise through Room Wall 
Sujfaces, Controlling Noise Transmitted Through Ducts 

I N ventilating and air conditioning a building or a room, the effect of 
the mechanical system employed must be considered on the acoustics 
of the space ^nditioned. It is important to consider also that the use of 
air conditioning often permits keeping the windows closed, thus giving 
relief from certain external noises, but at the same time increasing the 
necessity of providing adequate sound control. 

It is not assumed that the ventilating and air conditioning engineer 
will attempt to improve the acoustics of the space that is being con- 
ditioned, but the designer should have at least enough fundamental 
knowledge of the acoustical effects of the system which is being designed 
to be sure that no damaging effects occur to the existing acoustical 
properties. It is assumed that in a given space the architect and acoustical 
engineer have produced a room or rooms which are satisfactory for 
speech, music, or other uses. The ventilating engineer’s sole function is 
to ventilate and air condition these rooms properly so that they will be 
physically comfortable without adding any acoustical hazards. 

UNIT OF NOISE MEASUREMENT 

In the United States and Englzind the unit of noise measurement is 
the decibel (db). In Germany this unit is called the phon. The decibel 

is defined by the relation iV = 10 log^, where iV is the number of decibels 

-*o ^ 

by which the intensity flux h exceeds the intensity flux J©. The in- 
tensity flux is the measure of the energy contained in a sound wave and 
is defined in terms of microwatts per square centimeter of wave front in a 
freely traveling plane wave. It is usually more convenient to select an 
arbitrary reference intensity for J© and express all other intensities in 
terms of decibels above that level. For this purpose the threshold of 
audibility for the average human ear at a frequency of 1000 cycles per 
second has been selected. This reference threshold is 10"^^ watts per 
square centimeter or 10"^° microwatts per square centimeter. This 
reference level also corresponds to a pressure of 0.0002 dynes per square 
centimeter. 

A stated sound level in decibels, unless otherwise defined, will thus be 
related to a threshold of 10"^® watts. For example, a level of 60 db above 
this reference threshold is 10"^° watts. In a similar manner, when sound 
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measurements are given in actual intensity or energy units, they can be 
converted to decibels by this relation. 

Since the decibel is a ratio, it can only be employed when related to a 
reference threshold level as given. Noise levels, which vary with fre- 
quency as well as intensity, must not only be related to this reference 
threshold level, but also to a reference frequency, which is taken as 1000 
cycles. These terms and procedures may be found in tentative standards^ 
published by the American Standards Association. 

APPARATUS FOR MEASURING NOISE 

Since the relative loudness to the ear, rather than the actual physical 
intensity, is the quantity in which engineers are usually interested, it has 
been found necessary to allow for the varying sensitivity of the ear at 
different frequencies in designing noise measuring equipment. The most 
satisfactory method of measuring noise is by means of a sound level meter 
which usually consists of a microphone, a high gam audio-amplifier, and a 
rectifying milliammeter which will read directly in decibels. This meter 
is calibrated to give readings above the threshold of audibility and usually 
contains a weighing network to make it less sensitive at those frequencies 
where the ear is less sensitive For complete specifications relative to the 
approved type of sound level meters refer to the information^ published 
by the American Standards Association. 

GENERAL PROBLEM OF SOUND CONTROL 

As previously stated, the function of the ventilating and air con- 
ditioning engineer is to add no acoustical hazard to the conditions already 
present in the room or building and the problem can be stated as: 

a To deternune the noise level existing without the equipment 

b To ascertain the noise level which would exist if the equipment were installed 
without sound control 

c To provide as a part of the installation sufficient sound control appliances to 
reduce the noise level substantially to that found in (a). 

To accomplish this the engineer should have information of three kinds: 

1 A knowledge of the noise levels currently considered acceptable in vanous rooms 
m order that he may have a basis on which to proceed 

2. A knowledge of the nature and intensity of the noise created by the various parts 
of the equipment 

3 A knowledge of how, when necessary, to vary and control the noise level between 
the equipment and the conditioned space. 

In addition, the engineer should have information available to deal with 
noises which may enter the room due to openings made into it to accom- 
modate the equipment, such as cross talk between rooms connected with 
common ducts and noise transmitted to portions of duct system outside 
the conditioned space and through to its interior. 

While the general problem may be logically outlined and the items of 


'Amencan Tentative Standards for Noise Measurement, Amencan Standards Assoctaiwn 
’American Tentative Standards for Sound Level Meters for Measurement of Noise and Other Sounda 
Amer%can Standards Association 
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knowledge necessary to its solution can be listed, the available infor- 
mation at present is lacking in certain respects. However, attention may 
be directed to that information which is currently available, and to 
furthermore outline a solution of the noise problem based on these data. 

ACCEPTABLE NOISE LEVELS 

Measurements of noise levels have been observed by several investi- 
gators in various rooms and locations. The information compiled in 
Table 1 is based on these data, which represent the best opinion on the 

Table 1 Typical Noise Levels 


Rooms 


Sound Film Studios 

Radio Broadcasting Studios 

Planetarium 

Residence Apartments, etc 

Theatres, Legitimate 

Theatres, Motion Picture 

Auditonums, Concert Halls, etc 

Churches 

Executive Offices, Treated Private Offices 

Pnvate Offices, Untreated - 

General Offices, 

Hospitals 

Class Rooms 

Libranes, Museums, Art Galleries 

Public Building, Court Houses, Post Offices, etc . . 

Small Stores. 

Upper Floors D^artment Stores 

Stores, General, Including Main Floor Dept Stores. 

Hotel Dining Rooms 

Restaurants and Cafetenas 

Banking Rooms 

Factories. 

Office Machine Rooms 

VuHiciiBa 

Railroad Coach 

Pullman Car 

Automobile 

Vehicular Tunnel 

Airplane 

aFor train standing m station a level of about 45 db is the maximum which can ordinarily be tolerated 

subject now available. All levels are given in decibels above a reference 
threshold of 10“'* watts (corresponding to a pressure of 0.0002 — dynes 
per square centimeter). Minimum, representative, and maximum levels 
are given for ea(i application. These values are intended to indicate the 
variation which may be expected in different locations of the same type, 
but not the time variation which may be expected in each location. 

The values shown in Table 1 are typical of those found currently in 
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existing spaces. They are, however, the noise levels of the room and not 
the noise levels of the ventilating or air conditioning equipment. If the 
noise level at the room of the equipment is kept at the levels shown in the 
table the equipment will not add to the acoustical hazard existing without 
it, provided the equipment noise is heard alone, but if both are heard 
together the total noise level in the room will be increased about 3 db. 
This is usually considered an acceptable result. 

In some cases it is desirable to keep the equipment noise level at the 
room at such a value that it actually will not increase the noise level in 
the room to any measurable d^ree. This can usually be accomplished 
if the equipment noise at the room can be kept 10 db below the noise 
level shown in the table. 

NOISE CREATED BY EQUIPMENT 

Information concerning the noise levels created by ventilating and air 
conditioning equipment such as fans, motors, air washers, and similar 
items is not yet on a basis which permits tabular presentation although 
certain manufacturers are prepared to offer such data and do state the 
noise producing properties of their products. 

Absence of this information makes it necessary to resort to indirect 
means in solving certain problems and also prevents a direct logical 
solution. 


KINDS OF NOISE 

To solve a sound problem of this type it is desirable to consider sepa- 
rately the several means by which noise reaches the room. This avoids to 
some extent the necessity of knowing the noise level at the source and 
places the emphasis on ascertaining the level at the point where the sound 
enters the room rather than on its point of origin. 

The noise introduced into a room or building by ventilating or air 
conditioning equipment may be divided into two kinds depending on 
how it reaches the room as: 

1. Noise transmitted through the building construction. 

2. Noise transmitted through the ducts 

It is convenient to further subdivide these two methods of delivery as. 

1 Noise transmitted through the building construction. 

a. From machine mountings as vibration. 

b. From equipment through room wall surfaces. 

2. Noise transmitted through the ducts 

a. From equipment such as sprays, fans, etc. 

b. From outside, and transmitted through duct walls into air stream 

c. From air current, including eddying noises. 

d. Cross talk and cross noises between rooms connected by the same duct system 

The next step in the solution of this problem is to present data and 
discuss methods whereby solutions to the noise problem can be obtained 
when the allowable room noise level and the path through which the 
noise reaches the room iu*e known. 
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NOISE THROUGH BUILDING CONSTRUCTION 

It is impossible to select ventilating equipment which will operate 
without producing some mechanical noise, and since the equipment must 
be moimted in a building, it is probable that a paut of this noise will be 
transmitted to the building itself to such a degree as to make noisy con- 
ditions in the rooms which are to be air conditioned. Much of this noise 
may be transmitted by the duct if it is rigidly connected to the fan outlet. 
It is common practice to make the connection between the fan and the 
duct with a canvas sleeve which effectively restricts noise at this point. 
Noise may also enter the building through the mounting of the motor and 
the fan. Flmble mountings should be provided in all installations but 
these mountings must be carefully designed so that they will actually 
reduce the contact between the machinery and the supporting floor. 
If a flexible material is used, it is desirable to investigate the installation 
so that it is not short-circuited by through bolts which are improperly 
insulated and by electrical conduit whidi is not properly broken and is 
attached both to the equipment and to the building. The flexible mount- 
ing, if it is improperly engineered, may actually increase the contact 
between the equipment and the floor upon whi^ it is supported. In 
general, the flmble material should be loaded as heavily as possible 
without impairing its load-carrying capacity. 


Controlling Vibration from Machine Mountings 


The theory of the insulation of vibration was first worked out by 
Soderbergh. If a machine of mass m be supported by an elastic pad the 
amount of vibratory force communicated by the marine to the floor or 
foundation upon which it rests will be determined by the elastic and 
viscous properties of the pad. The ratio of the vibratory force communi- 
cated to the floor or foundation with the machme resting u^n the pad, 
and with the machine resting directly upon the floor, is given by the 
following equation: 


where 


I MiV 


( 1 ) 


•c* = the so-called iransimssibtUty of the support. 
c = the compliance (that is, the reciprocal of the force constant), 
r = the mechanical resistance owing to the viscous forces within the support 
n — the frequency of vibration generated by the machine which is to be insulated, 
such as the commutation frequency of a motor or the blade frequency of a fan. 
m = the mass of the machine to be insulated. 


It should be noted that not only must vibrations within the audible range of fre- 
quencies be considered, but those in the sub-audible range as well, since these may cause 
objectionable vibrations. All the possible frequencies should be considered in the calcu- 
lation. Sometimes beat effects are introduced by slight irrc^gularities of belts or pulleys 
that have much lower frequencies than those of the rotating elements. 


*C. R. Sod«rberg, The ELectrie Jtmmdl (Januazv. 1924), and snoceedlng aiticlea. See abo V O. Knndaen, 
Physical Renew, VoL 32, 1028, p 324, and A. I.. KunbaU, Journal Aeousttcal Society cf Atnenca, VoL 2, 
19^, p 297 
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If r, the mechanical resistance, is very small, formula 1 may be wntten 


1 



<1 

Wo 


where no is the natural frequency of the machine upon the elastic pad, 



In most cases of design of resilient machine mounting the effect of 
frictional resistance is small, and Equation 2 may be used. In such cases 
it is only necessary to know the natural frequency of the elastic pad or 
platform used under the desired loading and the transmissibility for any 
vibrational frequency of the machine may be obtained. However, this 
formula gives the theoretical maximum insulation which may be obtained 
and should be used with a liberal factor of safety. (A factor of 2 is 
common practice.) 

If the pad is to be of any value in the prevention of solid-borne vibra- 
tions, the value of t' must be considerably smaller than unity. If the 
fundamental frequency of vibration generated by the machine happens to 
coincide with the natural frequency of the mass of the machine resting on 
the elastic pad, a condition of resonance will be established, and the 
machine will exert a greater force upon the foundation than it would if 
the pad were completely removed. It is necessary, therefore, that the 
elastic support be sufficiently compliant, and the mass of the machine 
sufficiently heavy, that the natural frequency of the mass m upon its 
elastic support will be low in comparison with the frequencies which are 
generated by the machine. Thus, if the principal vibrations in the 
machine be of the order of 100 vibrations per second, the natural frequency 
of the machine mounted on its elastic support should not exceed about 
50 vibrations per second, and for best results preferably 20. 

When the forced frequency is low, it is frequently impossible to insulate 
for the fundamental forced frequency due to connecting pipe work and 
other relevant factors. In cases of Ais kind an effective installation of 
sound insulation may be obtained with a mounting which functions far 
above the fundamentgd forced frequency. For example, a compressor 
operating at 500 rpm has a forced frequency of 8.3 vibrations per second. 
By designing a mounting having a natural frequency of 20 to 25 vibrations 
per second, it is possible to isolate practically all of the noise. 

I I£,?i slab of insulating material be placed under the entire foundation of 
a machine, as is often done in practice, it may happen that the natural 
frequency of the machine on its elastic support will be nearly the same as 
the frequencies which are to be insulated, in which case the elastic support 
wi}l be worse than nothing. In general, as Equation 1 shows, both m and 
c should be as large as possible if the vibrations of the machine are to be 
effectively insulated from the solid structure of the building. 

The elastic support under the machine acts as a low-pass filter which 
passes all frequencies below about two times the natural frequency of the 
ijrtichine mounted on its elastic support, but prevents all frequencies 
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above about V- from reaching the solid structure of the building. The 

principal influence of the internal mechanical resistance r is to limit the 
vibration at ihe resonant frequency. It is generally ad\dsable, therefore, 
to use materials which have an appreciable internal resistance. 

The values of c and r can be determined for any specimen of flexible 
material and, when known, can be used to determine the insulation value 
of any particular set-up. The value of c can be obtained by making static 
measurements of the amount of displacement of the compressed support 
for each additional unit of the compressing force. If this be done for a 
specimen of the flexible material of a certain thickness and area of cross 
section, the compliance can be determined for any other thickness or area 
from the relation that c will be directly proportional to the thickness and 
inversely proportional to the area of the flexible support. When the 
internal resistance r is not too large, it can be determined by obsen-dng the 
successive amplitudes of the free vibrations of a mass m which rests upon 
a specimen of the flexible material, and solving for r by the usual log- 
decrement method. Or, if the damping be so great that the free motion of 
w is non-oscillatory, r can be obtained from measurements on the experi- 
mentally-determined resonance curve of the forced vibrations of ?w, or 
from measurements of the rate of return of m when it is given an initial 
displacement. 

If the resistance of a certain specimen of material, as cork, felt, or 
rubber, has been determined by any of these methods, the resistance for 
any other thickness or area of the material can be determined approxi- 

Table 2. Compliance and Resistance Data for Typical Speomens of 
• Flexible MAiERiALsa 


The compliances and resistances given in the table are for specimens 1 in. thick 
and 1 sq cm in cross-section 


MiLZEBUL 

DzscsxpnoN 

OF 

ApPROZDUlIB Ufpsb 
Sate LoABiNa nr 
Founds fib Squaeb 
I ncB 

CoUFUiKCI C IN 
CsNTIiaTZBS PBR 

Dtnz 

RzbiSTANGi r m 
Absolctb Unto 

Corkboard 

1 . 10 lb per 
board, foot 

12 

0.25 X lOr* 

0.15x10“ 

Corkboard 

0.70 lb per 

8 

0 50 X 10““ 

0.25x10“ 

Fiber Board 

board foot 
1.35 lb per 
board foot 

4 to 6 

0.60xl0“« 

0.50x10“ 

Fiber Board 

Carpet lining 

10 

0 40 X 10-“ 


Fiber Board 

Insulating 

12 

0.18x10^“ 



board 




Fiber Board 

Insulating 

board 

Insulating 

board 

15 

0.16x10-“ 


Fiber Board 

15 

0.12x10-“ 


Anti-Vibro-Block 

5 

0 60x10-“ 

1.5x10“ 

Sponge Rubber 

25 lb per 
cubic foot 

1 to3 

3.0 xl0-« 


Soft India Rubber 

65 lb per 
cubic foot 

3 to6 

1.2 xl0-“ 



•From Arcktiedwral Acoustics ^ by V O. Birndsen, p. 278 
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mately because the resistance will be inversely proportional to the thick- 
ness and directly proportional to the area of cross-section of the flexible 
support. Thus, if the values of c and r for a flexible material be known, 
it is possible to calculate, by means of Equation 1, the amount of insu- 
lation that will be obtained from the use of this material as a flexible 
support for a piece of equipment having a mass m. For the routine 
calculations in practice, r may be neglected with only a slight sacrifice 
of accuracy. Table 2 gives the values of c and r for a number of com- 
monly used flexible materials. 

Example 1. A machine weighing 1000 lb has a base area of 20 sq ft Assume that the 
prinapaf vibration of the miihine has a frequency of 100 cycles per second (most 
machinery vibrations are less than 150 vibrations per second, and the assumed frequency 
of 100 is guite representative of t 3 mical machines). Suppose that a 1-in slab of cork- 
board weighing 1.10 lb per board foot be placed between the machine and the floor. 
The loading on the cork will then be only 50 lb per square foot, or slightly more than 
H lb per square inch (It is assumed that the compliance c in centimeters per dyne for a 
specimen 1 in. thick and 1 sq cm in cross-secdon is 0.25 X 10~* and the resistance r in 
mechanical ohms is 0 15 X 10®.) 

The transmissibihty is calculated in the following manner* 

Mass of machine in grams » 1000 X 454 = 4.54 X 10^ 

Area of base in square centimeters » 20 X 144 X 2.54 X 2 54 = 1.86 X 10^. 

Therefore, the compliance of the entire support, 1 in. thick and 20 sq ft in cross 

section, is 0.25 X 10^ X oa VaI = 0.134 X 10^® cm per dyne, and the resistance of 
l.oO X 

the entire support is 0.15 X 10® X 1 86 X 10* = 0.28 X 10® mechanical ohms (or absolute 
units) Theirrfore, 


(0 28 X 10»)* + 4^ X 100* X (0.134 X 

■ ^ ... ^ ^ J m A a t ok 1 


(0.28 X 10®)® -h ( (2x X 100 X 4.54 X 10® - 


2x X 100 X (0 134 X lO-J 


0.0784 X 10“ -f 


4x» X 10* X 0.018 


' / 10 * 
0.0784 X 10“ -h [27: X 4.54 X W - 


= 0 935 


Consequently, it is seen that the transmissibility is nearly equal to unity, and that the 
support therefore is not satisfactory for msulating 100 or fewer vibrations per second 

If the amount of cork be reduced so that it is loaded to 10 lb per square inch, the total 
area of the supporting cork will be only 100 sq in. or 645 sq cm The compliance of the 

entire support will now be 0.25 X 10“® X * 0.39 X 10^ cm per dyne, and the 

resistance will be 0.15 X 10® X 645 » 0 97 X 10^ mechanical ohms (or absolute units). 
Therefore 


I (0.97 X 10^)® + 4^ X 100* X (0 39 X 10-®)* 

(0.97 X 10^)* -f (2x X 100 X 4,54 X 10® - ^ ioQ x\ 


100 X (0 39 X 10-»)> 


0 94 X 101* -h 


0 94 X 10“ -h ( 2x X 4 54 X 10* - 


10 “ 

4n* X 0 1521 

y 10^ ^5! 

2x X 0.39) 


= 0 0375 
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It is seen, therefore, that with the bearing surface on the cork reduced 
to 100 sq in. (that is, with the cork loaded to 10 lb per square inch), the 
transmissibility is reduced to 0.0375, or the amplitude of vibration trans- 
mitted to the floor will be only about 1/27 of what it would be if the 
machine were mounted directly upon the floor. These two numerical 
examples will serve to show not only the manner of making the calcu- 
lations, but also the importance of selecting the proper t3^e and design of 
flexible supports for insulating the vibrations of a machine from the 
rigid structure of a building. 

Controllmg Noise Through Room Wall Surfaces 

The ventilating equipment is usually housed in a separate room where 
the noise product by the mechanical operation of the equipment can be 
isolated from the rest of the building. If the vibration of the machinery 
is absorbed by flexible mounting and is not transmitted to the building. 


“4" Bnck 
I Plaster 


Insulation Value- 47 db 


" 4* Hollow Clay File 
'"I'x 2* Furring Strips 
^ Paper and Metal Lath 
: Plaster 



Absorptive Blanket 
1 * 

2 Fibre Board 


Staggered Wbod 
Studs 


Insulation Value *52 db. 


Insulation Value 
Greater than 50 db. 


and Finish Flooring 
Absorptive Blanket 


v^PlasteronLath 



Resilient Chairs 
Concrete Slab 
Resilient Hangars 
Plaster on Lath 


Insulation Value * 50 db. 


Insulation Value* 60 db , or more 


Fig. 1. Three Wall Sections and Two Floor and Ceiling Sections which 
ARE Suitable for the Insulation of Equipment Rooms^ 

^Acoustical Ptoblema in the Heating and Ventilating of Buildings, by V. O. Knudsen (A S H V E 
Transactions, VoL 37, 1931) 


the only noise to be eliminated by the walls of the room will be the air- 
borne mechanical noise. Acoustical measurements on average brick, 
tile, lath, and plaster walls indicate that the usual wall of these types is 
sufficient to satisfactorily attenuate this air-borne mechanical noise. 

Three wall sections and two floor and ceiling sections which are satis- 
factory for the wall insulation of the equipment room are shown in Fig. 1. 

Attention should be given to the equipment room door, since this door 
may leak badly and allow sound to escape into parts of the building which 
should be quiet. Where the equipment noise is particularly severe, 
double doors should be used and in all cases, the doors of the equipment 
room should be fitted with tight thresholds and weather-stripping. The 
door itself may transmit considerable sound if it is thin but it will not 
transmit a tenth as much as will be transmitted by a 3^-in. crack between 
the door and the threshold. 

In cases where the equipment noise is extraordinarily high, it may be 
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necessary to treat acoustically the walls and ceiling of the equipment 
room. If the equipment room is not entirely closed, partition walls 
may be necessary. 

NOISE TRANSMITTED THROUGH THE DUCTS 

After noise reaches the air stream in the ducts it can be controlled by 
lining the ducts on the inside with a sufficient quantity of sound absorbing 
material. Lagging material of similar characteristics placed on the out- 
side of ducts serves to prevent noise ongmating outside the ducts being 
carried inside the ducts and into the air stream. 

A case where outside lagging is desirable occurs when ducts originate 
at the fan in the equipment room and pass through this room on the way 
to the room being conditioned or ventilated. Unless the ducts are lined 
some of the mechanical noise from the equipment room air may be trans- 
mitted through the wall of the duct, thus reaching the air stream and be 
carried into 3ie room. In such cases, that portion of the duct which is 
exposed to the sounds in the equipment room should be lagged with 
material such as cork, pipe covenng or other sound damping material to 
prevent the sound from entering the duct at this point. Numerical data 
are not available to permit a simple and practical calculating procedure 
to determine thickness of covering which should be used for this purpose. 

Inside lining material used in the case previously mentioned would 
serve as an absorber of the sound transmitted through the duct walls, and 
thus act as a means of preventing the transfer of noise into the air stream. 

Inside lining may also be used m ducts to absorb noise which reaches 
the air stream from equipment such as fans, sprays and coils; noise due to 
eddying currents set up by elbows, dampers and similar obstructions; and 
noise transmitted from room to room where there is a common duct 
system. 

To use the lining effectively it must be properly located, well installed 
and be applied in sufficient quantity to reduce the noise level of the air 
stream to the level desired. 

At present there are no wholly rational or generally recognized methods 
of calculating the amount of duct lining necessary to accomplish a given 
reduction of noise level in the air travelling in a duct system; consequently 
some empirical method has to be used. One empirical method is to use 
direct trial and error. Another empincal method uses a duct lining factor 
evaluated by experience. In the present state of the data on sound 
control for ducts, the latter method is convenient for making estimates, 
but attention is specifically called to its empirical nature and to the 
necessity of exercising judgment in applying it. 

Use of Duct Lining Factor 

A duct lining factor (/) giving numerical values for use at various 
equipment noise levels is shown in Fig. 2. When properly used with 
Table 1 this chart (Fig. 2) provides a solution which may be both useful 
and simple. It is important to understand that the levels referred to in 
this chart are the average noise levels set up in the room by the ventilating 
or air conditioning equipment. In the case of a piece of equipment which 
generates a noise level of 95 db, when the noise is measured immediately 
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next to the machine, there might be a reduction of 15 db in passing through 
the duct, and a further difference of 15 db between the noise at the outlet 
supply grille and the average level in the room, leaving an effective 
level of 65 db in the room. Reductions of noise level ranging from 5 to 
25 db through duct systems have been encountered without the use of 
sound absorbing linings and the drop from supply opening to average 
room level may vary from 5 to 20 db. 


Duct lining 
factor f 

Equipment I 

wmmm 

Average 

Quiet 

0 

75 

65 

55 

5 

65 

55 

45 

10 
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45 

35 
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35 
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15 
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Fig. 2 ^ Chart for Determining Noise Reduction in Decibels from 
Duct Lining Factor^ 

^Values for equipment noise are only general Wherever possible substitute actual values as supplied 
by equipment manufacturer or as measured. 


To determine whether to use column 1, 2, or 3 in Fig. 2, in forming an 
estimate of the relative amount of noise generated by the system, the 
length of the untreated duct system and the number of bends or elbows or 
splitters should be considered, since the longer and the more complex the 
system, the more reduction of noise level will occur before the sound 
reaches the room grilles. Also the sound absorbing power of the room 
should be taken into account, since in rooms where there is a great deal of 
absorptive material, such as rugs, draperies, curtains and furniture, there 
will be a higher loss between the outlet grille noise and the average room 
level. The ventilating engineer will have to judge whether the conditions 
deviate from the typical. 

Manufacturers ratings on equipment should be considered in con- 
nection with the foregoing discussion. The quantity determined involves 




































American Scx3iety of Heating and Ventilating Engineers Guide, 1937 


the noise level which will be produced in the room and the manufacturer’s 
method of rating must be considered before allowances previously 
mentioned are accepted. 

To use Fig. 2, proceed iDy consulting Table 1 and determine the probable 
noise level already existing in the room, and, as suggested, assume that 
this level is satisfactory for current practice. This gives a noise level in 
decibels and with this enter the chart of Fig 2. Read across the chart and 
deternnune tJie value of the duct lining factor (/) in the column at the left. 
Then multiply the smallest cross sectional dimension (inches) of the duct 
by this factor. The result will be the length of duct in inches to be lined 
to attenuate ^ average fan noise. If circular ducts are used, the length 
to be lined will be (/) X diameter of duct. 

Example 2 A 7 x 30 in. duct is connected to a pnvate office space in a quiet location. 
Determine the length of Iming necessary to attenuate a fan noise satisfactonly. 

From Table 1 the noise level in this office will be 35 db. 

Length to be lined for noisy equipment is 22 X 7 = 164 in. 

Length to be lined for average equipment is 17 X 7 = 119 in 

Length to be lined for quiet equipment is 12 X 7 — 84 in 



The sound absorbent properties of duct lining are extremely important 
and materials which have coefficients as high as possible should be used. 
This is particularly true of the coefficients at the low frequencies. Fig. 2 
is based on materials having a noise quieting coefficient of 0.60 or more. 
For materials which are less efficient a factor of safety should be added^. 

Only certEiin sound absorbent materials among those listed in various 
publications will be found to be suitable for duct lining. In addition to a 
high sound absorbent coefficient a duct lining material should have a low 
surface coefficient of friction, high resistance to moisture absorption, and 
should be fireproof and vermin ptoof. A number of building codes now 
specify that any sound absorbent material used for duct lining shall 
have no fire haizard. There are no existing specifications on moisture 
resistance but the manufacturer should be required to show that the 
material will not absorb sufficient moisture to cause deterioration or to 
decrease the sound absorbing efficiency. 


^For co^Saents of commetoal sound absorbent matenala see Bulletin Acousttc<U Manufacturers* As~ 
soeiaiion, 919 No. Michigan Ave , Chicago. 111. 
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If, as is often the case, the length of duct from the main duct to a grille 
is shorter than the length of lining indicated by using the factor found, 
this duct may be sub-divided® into smaller ducts, so that the value found 
may be used as shown in Fig. 3. 

Example $ Assume a branch duct, as shown in Fig 3, is 24 in. wide by 12 in. high 
and 42 in. long. Use a duct lining factor of 10. 

Case I (No splitters). 

Leng^ of lining = / X minimum dimension = 10 X 12 = 120 in 

In this case the duct should be lined for 120 in. which is obviously impossible. 

Case 11. (Two splitters). 

Results in 3 ducts 24 in. wide and 4 in. high. 

Length of lining = / X minimum dimension =* 10 X 4 « 40 in 

This length of hning fulfills the space limitations of the branch duct which is 42 m. long. 

General Suggestions 

In some instances where high velocity air is used, a considerable amount 
of whistle is generated at the grille. This noise is obviously produced after 
the air leaves the duct and there is no treatment which can be installed in 
the duct that will reduce this noise. The engineer must take into con- 
sideration the type of grille which he intends to use and provide sufficient 
grille area so that the velocity through the grille is reduced to a point 
where the grille is not too noisy. 

Ducts serving more than one room permit cross talk between the rooms 
and should be lined with acoustical material. Where the rooms are close 
together and the ducts short, the ducts should be sub-divided to provide 
ample acoustical treatment. 

Very often in ventilating duct work the engineer feels that it will not 
be necessary to line ducts if the sound is travelling against the airffow. 
This, however, is untrue since sound travels so much more rapidly than 
does tihe air in even high velocity systems, that it will travel as easily 
against the airflow as it does with it. 

Sounds which are low in pitch are much harder to eliminate from a 
duct system than sound which is high in pitch, consequently equipment 
which produces low pitched sounds should be avoided as much as possible. 
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PROBLEMS IN PRACTICE 

1 • Does a soft pad under the ventilating machinery pre\eut building vibration? 

It may or it may not In some cases a soft pad causes more vibration than no pad A 
flexible mounting should be carefully designed to be effective 

2 # Are especiaUy designed walls necessary in an equipment room to keep 
noise out of adjoining spaces? 

Ordinarily good bnck, tile, or concrete walls are satisfactory Window and door openings 
should be made as tight as possible wuth weather-stripping, etc 

3 • How should mechanical noise be eliminated from the duct system? 

A flexible connection between the fan discharge and the duct should be used The duct 
should be lined from the fan end for a certain length, depending on the degree of quietness 
desired. 

4 • Given the choice of two types of equipment, one generating high-pitched 
sounds and the other low-pitched sounds, which would you choose? Why? 

The equipment generating the high-pitched noise should be chosen since high-pitched 
sounds are more easily absorbed than are low-pitched sounds 

5 # In building an acoustic filter in a short duct 32 by 24 in. which direction 
should the splitters run? 

The splitters should be installed parallel to the longest dimension, since they will provide 
more acoustical material per splitter 

6 • What should be the characteristics of a good duct-lining material? 

a. High noise reduction d Fire resistance 

h Physical strength e Cleanliness, absence of loose fibers or pieces 

c Easy working and installation / Smooth surface to reduce air friction 

7 • Should a ventilating duct be lagged or covered on the outside? 

Yes, m some locations, and particularly in the equipment room and where the duct runs 
through noisy rooms to serve a quiet room This lagging will prevent air-borne sounds 
from entenng the duct through its sides and causing annoying sound in the quiet room 

3 • How can cross-talk be eliminated when one duct serves two or more rooms? 

Install proper filters adjacent to the grilles m each room, using splitters if the duct leads 
to the rooms are short 

9 # Space limitations and maximum air velocities for the introduction of air 
to a broadcasting studio restrict the size of duct to 30 by 16 in. and in addition 
the length of branch duct which is suitable for lining with sound absorption 
materi^ is limited to 22 ft. Determine the length of duct lining necessary to 
attenuate an average fan noise and establish a permissable room noise level. 

Refemng to Fig 2 the noise level for broadcasting tudio is 14 db and the corresponding 
duct lining factor / is 28. Minimum cross sectional dimension of duct = 16 in ' 

= 37 3 ft duct lining required. 

Maximum length of duct is 22 ft, therefore it is necessary to divide the duct with a 
splitter, resultmg in a minimum duct dimension = 8 in. 

8 X 28 

— — == 18 7 ft duct limng required to attenuate and average fzin noise. 
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Am DISTRIBUTION 


Definitions, Grille Locations, Standards for Satisfactory Con- 
ditions, Factors Affecting Distribution for Ct>oling and Heating, 
Air Outlet Noises, Selection of Supply Outlets, Balancing System 


C orrect air distribution contributes as much or more to the success 
of a forced air heating, ventilating, cooling or air conditioning system 
as does any other single factor Supplying the proper amount of air is 
one problem: properly distributing it from the point where it leaves the 
fan is another. The distribution problem may be further divided into: 
(a) distribution to the various spaces served by the system, (b) distribution 
in these spaces. This discussion is primarily limited to division (6), 
reference being made to the duct system only insofar as it affects the 
performance of the air distribution outlets. 

Definitions 

In this discussion, the term air outlets or outlets will be used to designate 
a cover for an opening, whether it is a gnlle or a register. 

A register is defined as an outlet with a damper, and a grille is defined 
as an outlet without a damper. 

The perpendicular distance over which the air will satisfactorily carry 
measured between the face of the outlet and the opposite wall is the 
throw. In the case of directional flow outlets, this may be less than the 
actual carry of the air. 

The core area of the outlet is the area of that portion of the grille 
inside the frame through which the air can flow. 

The ratio of width to height of the core area is termed the aspect ratio. 

GRILLE LOCATIONS 

The location of supply and exhaust outlets is extremely important if a 
satisfactory installation is to be secured. Very frequently, however, the 
room or building is planned and constructed with practically no con- 
sideration of this problem. The engineer of today is more likely than not 
to have as his problem a building that was constructed long before any 
consideration whatever was given to air conditioning it. Consequently, 
the room shapes, the location of columns and beams, and other details of 
architecture frequently make it difficult to properly locate the outlets. 
In general, for a cooling installation, the grilles should be located high 
enough from the floor to prevent the discharge of air directly ui^n the 
occupants of the room, and far enough down from the ceiling to minimize 
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Fig. 1 Plan View Long Throw Fig 2. Plan View Short Throw 

Supply Outlet Supply Outlets 


the possibility of streaking, and to permit induction of air from all sides 
of the stream. If the stream actually strikes the ceiling, but at a small 
angle, the throw will be increased somewhat if the ceiling is smooth. If 
the angle at which the stream hits the ceiling is 20 deg or more, or if the 
flow along the ceiling is obstructed by panel mouldings or beams, air 
velocity may be rapidly lost and a decreased throw result. The air stream 
also should be so directed that it will not strike nearby columns or beams 
in such a way as to cause misdirection of the air stream or drafts. Where 
the room is of irregular shape, as an ell, or where it has an alcove in one 
side, consideration should be given to obtaining satisfactory circulation 
in these comers. Frequently this cannot be done except by the use of 
multiple supply outlets. In using multiple outlets, care must be taken 
that the several air streams do not interfere with each other, until 
their velocities have been reduced to values which will not cause high 
turbulence and a drafty condition. Beams and offsets in the ceiling will 
cause little difficulty when substantially parallel to the direction of flow, 
unless they are of considerable depth, but when positioned across the ear 
stream, may cause drafts and failure to secure satisfactory circulation in 
that portion of the room farthest from the outlet. In the case of a 
heating installation, down-drafts produced by such obstructions may not 
be serious, because the air will rapidly lose its downward motion, but the 
possibility of failure to obtain satisfactory circulation still exists. 

The location of supply outlets should, if possible, be such as to take 
advantage of the maximum velocity permissible from a noise standpoint. 
For instance, the spaces illustrated in Figs. 1 and 2 may be satisfactorily 
served by either arrangement. However, by taking advantage of the long 



Fig. 3 Elevation View Ceiling Supply 
Outlet with Return Wall Outlet 
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Fig. 4. Elevation View Ceiling 
Supply and Return Outlet 
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throw, to which the arrangement in Fig. 1 lends itself, fewer outlets are 
required and additional savings are effected in the sheet metal work. 

In solving the problem of properly conditioning a room of irr^ular 
shape, where multiple wall supply grilles are objectionable, a ceiling out- 
let of the t 3 q)e illustrated in Figs. 3 and 4 may very often be the best 
solution. 

^ In choosing the most desirable location for the return air ^lle, con- 
sideration should be given to its effect on circulation of the air through 
the room. It is generally true that the return air grille should be placed 
on the same wall as the supply and near the floor level. This results in a 



Fig. 5 Elevation View Correctly Located Return Outlet 



Fig 6. Elevation View of Improperly Located Return Outlet 


U-shaped air path (Fig. 5) which covers the room thoroughly. The 
arrangement shown in Fig. 6 should be avoided, because it tends to create 
a stagnant section below the supply grille. What would otherwise be an 
unsatisfactory dead spot in a room may in some instances be taken care 
of by location of the return air grille near that area (Fig. 7). 

STANDARDS FOB SATISFACTORY CONDITIONS 

The most satisfactory air condition cannot be definitely stated for any 
particular individual without conducting a series of tests with that 
individual as subject; some persons are less sensitive than others to 
variations in temperature, humidity, air velocity and noise. The best 
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that can be done is to attempt to set limiting conditions leaning toward 
the values of these variables which produce a condition of comfort for the 
greatest number of individuals. On a cooling installation, the allowable 
deviation from average room temperature, that is, the temperature of 
puffs of air which may strike a person momentarily, is a function of the 
room temperature as well as the velocity of the air. For instance, m a 
room controlled at 72 F, a puff of air at 70 F might be uncomfortable to 
an individual, even at relatively low velocities, whereas if the average 
room temperature were 80 F, air at 78 F, even at moderate velocities, 
might be very satisfactory. However, air at 78 F in an average room 
temperature of 83 F would be cold. In general, other conditions being 
equal, for the range of temperatures normally encountered in living 
quarters on cooling installations, the permissible deviation from average 
room temperature varies from approximately 1 F at the low end of the 
range to about 3 F at the high end of the range. In this matter, it is 
important to consider the particular problem in the light of the type of 
occupancy. For instance, greater deviations from room temperature and 
higher velocities may be permitted in a garage or a hotel hallway than 
would be permissible in an office or living room. The velocity which may 
be considered the permissible maximum differs with the temperature 
deviation for a given installation, but an absolute maximum under any 
conditions might be considered that which would produce a mechanical 
disturbance, such as the movement of a personas hair or disturbance of 
papers on a desk. Humidity is an important consideration in the deter- 
mination of one’s feeling of comfort; however, if the room generally is 
assumed to be at a satisfactory value of relative humidity, the designer is 
justified in neglecting this factor when considering permissible fluctuations 
in temperature and velocity in the occupancy zone. This is true because 
the maximum allowable temperature fluctuation results in an unnoticeable 
humidity change. 

The standards that might be set up for maximum allowable room 
temperature deviation and air velocity would not be the same for both 
heating and cooling installations. In the former case, any appreciable 
temperature deviation is likely to be above rather than below the average 
room temperature, whereas the reverse is most likely to be true on a 
cooling installation. Further, because air movement has a cooling effect 
in itself, the feeling of warmth due to temperatures above room tem- 
perature is counteracted to a certain extent so that an individual may be 
subjected to higher velocities of warm air without the feeling of dis- 
comfort occasioned by the same velocities of cool air. In every case, it 
should be the purpose of the designing engineer to keep the conditions 
within the zone of occupancy as nearly uniform as possible, securing 
minimum temperature deviations and low velocities. The air velocity 
at all points in the room should be at least 25 fpm for good results. 

It is impractical to measure momentary temperature differences with 
any degree of accuracy in the field, but in checking a given installation it 
will generally be found satisfactory to measure velocity only, since on 
cooling inst^lations high velocities normally occur with low temperatures, 
and on heating installations high velocities occur with high temperatures. 
That is, in the former case, the chilled supply air loses its velocity and 
undergoes an increase in temperature as it settles into the occupancy 
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zone, whereas in the latter case the heated supply air loses its velocity and 
undergoes a decrease in temperature during this process. Therefore, if the 
average velocities within the occupancy zone are not excessive, one is 
fairly safe in assuming that the temperature difference is also within 
permissible limits. 

The subject of sound control is covered in Chapter 18 and it is recom- 
mended for detailed review before consideration of the problem of air 
outlet noise. An understanding of the relation between sound intensity 
and loudness level in decibels, as well as the effect of the presence of sound 
absorbent materials in the room, is particularly necessary. A more 
detailed discussion of the nature of this problem appears later; whereas 
the following comments refer to what constitutes a satisfactory noise 
condition 

Obviously, the nature of the conditioned space is important when con- 
sidering the allowable outlet noise. In factories, press rooms, and similar 



Fig 7 Plan View Correctly Located Return Outlet Eliminating 
Stagnant Space 


spaces where the noise level is 65 db or higher, no complaints of grille 
noise are likely to be made. On the other hand, some homes, offices, 
hospitals, and, most of all, radio broadcasting and movie sound studios 
present a real problem which must be intelligently attacked if a satis- 
factory installation is to be made. In this chapter the noise of the air 
outlets (and returns) only is considered, it being assumed that the noise or 
sound level of the room without the outlet noise includes that which inay 
be contributed by fans, motors, ductwork, and other items of conditioning 
equipment. The control of noise from these sources is another problem 
(see Chapter 18). Where sound control is important, the actual room 
sound level without conditioning equipment should be known. If 
feasible, the contribution of the conditioning equipment, less outlets, 
should be estimated to secure the working sound level. ^ If this correction 
is not made, the use of the first value errs in the direction of safety. 

It is evident that the point within the room which should concern the 
designer in this problem is that at which the outlet noise is greatest. A 
tentative standard listening point relative to the outlet is suggested later 
in this discussion, and it is assumed that the outlet noise data are taken 
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with reference to this point. If it is desired that the outlet noise result in 
an inaudible addition to the existing noise level, it is safe to assume the 
total outlet noise to be 5 db below room level. This results in an increase 
in total noise of slightly over 1 db, which is unnoticeable. If an increase 
of 3 db is permissible, the outlet noise level may be equal to the room noise 
level alone. All outlets in the room must be considered, as will appear 
later, and the returns may be ignored only if they are so sized that the 
velocity of air through them is much less than through the outlet. 

DISTBIBUnON FACTORS IN ROOM COOLING 

In attempting to design a satisfactory air distributing system, it is first 
necessa^ to properly locate the grilles in accordance with the recom- 
mendations already stated. Assuming that the best locations have been 
selected, it then becomes necessary to choose the proper gnlle for that 
location. The considerations involved are the amount of air to be 
handled, the velocity permissible from the standpoint of noise, and the 
distance the air should carry. The distance it will carry, assuming no 
obstructions, is affected by a number of factors which are listed below: 

1 The temperature difference between incoming and room air. 

2 Height of gnlle above floor 

3 Face velocity. 

4 Core area 

5 Core aspect ratio, 

6 Design of gnlle. 

The manner in which the above factors affect throw may be generally 
stated. All other things being constant, a lower temperature of incoming 
air will result in shorter throw; a greater height above the floor will affect 
a longer throw; a higher velocity will produce a longer throw; greater area 
will give longer throw; larger aspect ratio will decrease throw. The 
variation in throw with type of outlet will, of course, depend upon the 
design characteristics of the outlet. 

In consideration of what constitutes the possible throw of an outlet 
under a given set of conditions, it is important to remember that the 
throw may be unsatisfactory for any one of severed reasons: 

1 It may be so long that it will stnke the far side of the room and come down the wall 
with velocities higher than are permissible, , 

2. It may be so short that it will fail to carry the full length of the room, and short- 
circuit to the return air outlet, or 

3. It may spill mto the center of the room 

In the first case, the system fails for lack of uniform distribution and the 
presence of cold areas. In the second case, the standards as to velocity 
and temperature difference in the zone of occupancy may be satisfactorily 
met, but air distribution and circulation throughout the entire room is not 
accomplished, with the result that the end of the room away from the 
outlet would not be satisfactorily conditioned. In the third case, the 
shortcomings of both case one and case two are present. It is evident, 
therefore, that for a given outlet discharging air at a given velocity, there 
is a maximum and a minimum length of room which can be satisfactorily 
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h^dled. In the latter, the velocity of the air down the far wall is just 
within the maximum permissible, while in the former, satisfactory circu- 
lation is barely accomplished. 

In general, the higher the outlet is above the floor, the greater may be 
the difference between room air and incoming air temperatures. 

Assuming that proper supply outlets for a given installation have been 
selected, unsatisfactory performance may still result due to the con- 
struction of the duct work immediately back of the outlets. Performance 
data on the grilles and registers of various manufacturers should be based 
upon results obtained widi the air approaching the grille perpendicularly 
and at uniform velocity over the entire duct cross-section. Where this 
condition does not exist in practice, performance predictions based on 
published data cannot be expected to be realized. Every precaution 
should be taken to secure as nearly ideal conditions in the approaching air 
stream as are possible. 









Fig, 8. Effects of 
Expanding Duct 



Fig 9 Unequal Face 
Velocities 



Fig. 10. Effect of 
Turning Member 


In addition to disturbances due to the construction of the duct work 
itself are those which may be created by dampers immediately behind the 
grille. Where either multiple louvre or single blade dampers are used, 
considerable deflection of the air stream may result, if it is throttled 
appreciably by these means. This is particularly true when the fins of the 
register core are perpendicular to the damper blades. If the core has 
sufficient deptii and the fins are parallel to the blades, there is a mark^ 
tendency to straighten the air stream, although some deflection may still 
result. 

Any attempt to secure a low face velocity and high duct velocity by 
the construction of any expetnding chamber immediately behind the grille 
is very likely to be unsuccessful. In order to expand from a small duct to 
a larger one, and have the air stream fill the duct at the end of the diverg- 
ing section without turbulence, angle A in Fig. 8 should be about 3 deg 
for four-sided expansion and about 5 deg for two-sided expansion. From 
this it is apparent that an attempt to secure equivalent results wiA a 
short connection would be futile. What actually happens whm this is 
attempted is illustrated by the arrows in Fig. 8. When localized high 
velocities through the outiet exist from this cause or any other, the noise 
produced will natursdly exceed that which the outlet area and average 
face velocity would lead one to expect. This fact should be remembered 
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in considering the use of register dampers, particularly in those cases 
where there must be considerable throttling with the damper to balance a 
poorly designed system. Where reduction of noise is important, it is 
recommended that balancing dampers be placed in the duct ahead of the 
acoustic duct lining. 

Similar unequal face velocities, aggravated by a deflection of the air 
stream, are obtained with the arrangement shown in Fig. 9. The latter 
may be corrected by inserting a turning member in the elbow back of the 
outlet face as shown in Fig. 10 The importance of straightening the air 
stream and affecting uniform distnbution over the entire face of the outlet 
cannot be over-emphasized. 

DISTRIBUTION FACTORS IN ROOM HEATING 

The problem in the case of a heating installation is substantially the 
same as in cooling, with a few exceptions. Because the temperature of 
the incoming air is above that of the room, there is no tendency for it to 
drop and consequently the throw is not particularly affected by tem- 
perature difference in a low ceiling room In general, the air should be 
deflected downward where the grille is above the occupancy zone, and this 
is particularly desirable where the ceiling is high. For the same reason, 
that is, to keep the heat in the occupancy zone and to avoid excessive 
temperature at the ceiling, it is desirable to have the gnlle comparatively 
low on the wall, and just slightly above the occupancy zone If the grille 
is lower than this, it may create an unsatisfactory condition of very warm 
air at quite high velocities where it can possibly strike the occupants of 
the room. Where the velocities are very low, the grilles may even be 
satisfactorily located below the 6 ft level, although the immediate vicinity 
of the supply outlets will probably be useless for occupancy because of 
high temperature. Essentially, the problem is to keep the incoming air 
up for cooling, and down for heating, until it is thoroughly mixed with the 
room air. Grilles and registers which are adjustable for deflection upward 
and downward, either by moving the fins or inverting the grille, are in 
general use. 


AIR OUTLET NOISES 

When air is introduced into a room through a grille or register at a 
constant velocity, sound energy is being introduced into the enclosure at 
a constant rate. Due to partial reflection at the boundaries of the en- 
closure, the intensity of sound at any point in the space builds up to some 
maximum value. In a large room at a point remote from the source of 
sound (the outlet) the intensity can be shown to be substantially pro- 
portional to the rate at which sound energy is generated and inversely 
proportional to the number of sound absorption units (sabins) in the 
room. It would thus appear that doubling the sound absorption of the 
room would halve the intensity and result in a noise level decrease of 3 db. 
However, it is not satisfactory to consider the gnlle noise on this basis 
(wherein the sound power received directly from the source is small 
compared with that received by reflection) since in practice the occupants 
of the room may be quite close to the grille. The nearer the listener is to 
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the sound source, the greater the proportion of the sound intensity which 
is due to direct transmission. 

In the absence of generally accepted standards at this time it is sug- 
gested that the loudness level 5 ft from the lower edge of the outlet, 
measured downward at 45 deg in a plane perpendicular to the outlet at^’its 
center, represents about the maximum within the zone of occupancy 
The cases where persons are nearer to the outlet than this are rare and are 
ignored in the consideration of this problem Although the effect of sound 
absorbent material on the intensity at the 5 ft station is not nearly so great 
as at more remote points in the room, it should not be ignored without 
consideration of the error involved. An average living room may contain 
100 sabins (absorption units). If this be decreased to 50 sabins, the 
difftise or reflected sound level would be increased 3 db. However, at the 
5 ft station the increase would be less than 2 db If the absorption of the 
room be increased to 200 sabins, one might expect a reduction in diffuse 
noise of 3 db; but at the 5 ft station the reduction would be less than 
1 db. Furthermore, even though the abso^tion be increased without 
limit (as in free space) the reduction would still be less than 2 db because 
of proximity to the source. 

In comparing sound ratings of various grilles, the following must be 
known if the information is to be intelligently applied: 

1 The threshold intensity on which the decibel ratings are based. 

2 The distance from the gnlle at which data were taken 

3 If stated as loudness level versus velocity for a given gnlle, the core area (not 
nominal area) must be known 

4 The sound absorbing characteristics of the test room 

5 Whether or not corrected for test room loudness level, if not, the room level 
(without grille noise) must be known. 

6 Methods used for recording data. 

Data mentioned in this chapter are assumed to have been referred to 
the following: 

1 Threshold intensity = 10-“ watts per square centimeter^ 

2 ^ Microphone location 6 ft from lower edge of outlet on a line downward at 45 deg 
and in a plane bisecting the outlet perpendicularly. 

3. Where data are given as loudness level versus veloaty, the rating is per square foot 
of core area 

4 The room is assumed to have 100 sabins absorption 

5. Plotted data are loudness levels of ouUets only, correction having been made for 
test room level 

6. Data taken with a direct reading sound-level meter with frequency weighting 
network intended to approximate the response of the human ear. 

If the published ratings are in terms of decibels per square foot, cor- 
rection must be made for area to secure to total sound level of outlets of 
more or less than one square foot area. This can be done by use of the 
following formula: 

Decibel Addition = 10 logio A. (1) 


lAmencan Tentative Standards for Noise Measurement, American Standards Association 
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where: A «= core area, square feet 

In practice the allowable total sound and the required air flow are 
usually known, and it is desired to determine the maximum allowable 
velocity. Since total loudness and air flow are both functions of velocity 
and area, the solution of the problem by use of the previous analysis 
implies a trial and error method. It has been found possible to present 
these data with sufficient practical accuracy as a family of uniform curves 
as illustrated in Fig. 11. With this chart it is possible to find directly the 
velocity in feet per minute which will give a predetermined total loudness 
at a predetermined rate of flow expressed in cubic feet per minute. The 
values used are arbitrarily chosen for the purpose of discussion and do not 
necessanly represent data referring to any particular make of grille, 



register or air outlet. It is assumed that Fig. 11 is based on a room having 
100 sabins of sound absorption. In such a room the sound level due to 
other sources may be 36 db. As previously stated an outlet having a noise 
level of 30 db would be substantially inaudible in such a room. 

If 1000 dm are required with a total noise due to outlet of 30 db, a 
velocity (Fig. 11) of about 675 fpm may be used. From this velocity and 
the rate of flow, the core area can be computed. This determination was 
on the basis of a room absorption of 100 sabins. If the absorption is 
greater, the 676 fpm velocity is safe, since the loudness level will go down. 
However, correction can be made if desired by the use of the chart of 
Fig. 12. Thus, if the absorption is 200 sabins, a correction of +1.3 db 
may be made and the permissible velocity becomes that corresponding to 
a tot^ loudness level of 31.3 decibels or approximately 750 fpm. If the 
room is highly reflecting and has an absorption of less than 100, correction 
is much more important. For instance, for 35 sabins a correction of — 3 db 
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must be made and the maximum velocity corresponding to 27 db total 
loudness chosen; that is, approximately 660 fpm. 

Where more than one outlet must be considered, the problem is more 
complicated. If a similar outlet is added in a far corner of a highly 
absorbent room, the change in noise level at the 5 ft station at the first 



outlet is small; however, if the room is small, or highly reveAerant or 
both, the intensity at the 6 ft station may be almost doubled ^d the 
noise level increased nearly 3 db thereby. The simplest method of hand- 
ling this problem, and one which errs in the direction of safety, is to treat 
the room as though all the air were being supplied by one T^s, 

if two outlets, each supplying 1000 cfm are used, the value 2000 cfm 
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should be used with Fig. 11. Although this method may place an un- 
warranted limit on velocity when used in a large room, it is seldom that 
such a room has a noise level low enough to make this penalty serious or to 
justify a more complicated though more exact procedure. 

In general, return grilles are selected for velocities about half the supply 
velocity, and when this is done, they may be neglected in sound computa- 
tions. However, if supply and return grilles are the same size, resulting in 
the same face velocity, they must be treated as two supply outlets. That 
is, if 1000 cfm is supplied and exhausted through grilles of the same area, 
2000 cfm must be used in the solution with Fig 11. 

SELECTION OF SUPPLY OUTLETS 

After the heating and cooling load calculations have been made 
(Chapters 7 and 8), and, or a suitable supply air temperature selected, the 



volume of air required for each space can be determined. The next step is 
to determine the velocity at which the air may be introduced into the 
space quietly and without creating objectionable drafts. 

Present-day grille design coupled with the introduction of effective 
acoustical treatment for minimizing fan and duct noises have made grille 
face velocities in excess of 1500 fpm feasible, and 600 to 1200 fpm is 
now used in practice. This range of velocities is approximately three 
times higher than common practice values of a few years ago. 

Since high velocities make for smaller ducts and outlets, and therefore 
savings in space as well as greater flexibility in locating the duct work to 
the best advantage, selection of design velocities is a very important step. 

^ The selection of proper velocity requires that the designer have before 
him reliable data applicable to the particular make of outlet he proposes 
to use. Even under these circumstances, the problem is one of cut and try 
because permissible velocity may be determined by either noise or throw. 

A metJiod for selecting supply outlets is outlined below in the form of a 
sample cooling problem, using numerical values which have no reference 
to any particular make of outlet. 
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1 The load calculations have been made, a suitable temperature differential has been 
selected (it is to be understood that the data referred to from this point on are based on 
this temperature differential), and the volume of air required determined Assume that 
Fig 13 represents a small general office having a noise level of 40 db and that 2500 cfm 
must be supplied for proper conditioning 

2 Select a tentative location for the outlet or outlets, having in mmd the type of 
grille most likely to effect proper distnbution In this particular case, two outlets 
having a wide spread appears to be a logical choice 

3 Data from which to determine velocity which corresponds to 2500 cfm and a noise 
rating at least 5 db below the noise level of the office may be presented in a number of 
forms, one of which is shown in Fig 11 (Fig 11 represents assumed values only In 
practice similar data should be obtained from the manufacturer whose outlets are being 
considered Several similar charts or tables may be necessary^ to cover any one manu- 
facturer’s complete line ) From Fig 11 it will be noted that for 2500 cfm the type of 
grille selected may be used at velocities up to 700 fpm without exceeding 35 db, that is, 
5 db below the noise level of office 

4 Having determined the velocity, the core area becomes fixed at 3 57 sq ft or 257 
sq in per outlet In this problem, the two grilles in question are so close together that 
consideration of their combined area in determming the permissible velocity from the 
standpoint of noise introduces little error. 

5 The t3qDe gnlle selected has thus far been found satisfactory from a noise stand- 
point, provided the face velocity does not exceed 700 fpm The next consideration is 
throw, which may be assumed to be 16 ft, and by reference to a manufacturer’s catalogue 
the proper correlative test data may be checked with the throw assumed It is of course 
evident that one or more types of grilles may satisfy the requirements, and that in any 
one type there will be a choice of outlet proportions It will also be evident that the 
tentative selection of an outlet having a wnde spread may be unsatisfactory from the 
standpoint of throw, in which event a second choice should be made and the procedure 
repeated 

In the case of a heating problem, the method of solution is the same, 
but the manufacturer’s data must, of course, be based on tests with air 
above room temperature. 

TYPES OF SUPPLY OUTLETS 

Grille, registers or outlet design for attaining uniform distribution and 
minimum air resistance consists of various fix& and adjustable arrange- 
ments. Some types are designed with directing air blades, fins, bars, 
louvres, or thin metal strips shaped into a series of grooves or tubes, all of 
which may be set into a suitable round, square or rectangular fraine. In 
order to attain desired long or short air throws, the emergence of air from 
the outlet may be directed to straight, deflecting, converging or jet air 
streams depending upon the outlet design. Designs which direct the air 
stream to produce an ejector effect within the enclosed space tend to mix 
the room air with the conditioned air to provide uniform distribution. 

Centrally located ceiling or wall type outlets arranged for completely 
diffusing the air consist of several round; hollow, cone-shaped flaring 
members placed in the proper relationship to each other. The velocity of 
emei^ence of the air from the unit can be made practically uniform over 
the entire surface of the outlet, and the velocity in any direction may be 
varied to any desired value by adjusting the position of the cones. One 
or more of the smaller flaring members act as ejectors and injectors which 
draw a small proportion of the room air into the air spreader where it 
mixes with the conditioned air before it is discharged. 
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An idea for producing even distribution of air consists of a perforated 
ceiling made of a suitable architectural surface and installed a small 
distance below the normal ceiling level of the room. In the space provided 
by this suspended ceiling a plenum chamber is formed into which the 
conditioned air is introduced. From the plenum space the air is permitted 
to diffuse through the large number of small ceiling openings into the 
room 

Railroad Cars 

In the early practice of air conditioning railroad passenger cars a 
system of bulkhead distribution was used. This consisted of an inlet 
opening at each end of the car dischai^ng the air toward the middle with 
the flow parallel to the long dimension of the car. This installation 
resulted in drafts in the middle of the car and was considered unsatis- 
factory. Later designs incorporate a duct delivery system on each side 
of the car roof directing the air through numerous inlet openings toward 
the middle of the car where the two air streams come in contact and 
deflect downward, gradually filtering into the aisle. At the present time, 
several center duct air distribution systems are used in railroad car 
applications. In some instances square or circular ceiling outlets con- 
nected to a center duct have been used, which distribute the air along the 
ceiling in widening circles and at right angles to the inlet opening. Another 
method consists of a continuous slot in the bottom of the duct to which is 
attached a flat plate so that the air is deflected along the car ceiling. Con- 
nected to the central supply system are small individual ducts to each 
sleeping compartment witih adjustable directional outlets to control the 
desired air flow. 


BALANCING SYSTEM 

In designing an air conditioning system, it should be the aim of ^ the 
engineer to so proportion the duct system that proper distribution of air to 
every outlet will be obtained. Since this is almost impossible to accom- 
plish in practice, it becomes necessary to have means of balancing the 
system to secure the desired amount of air in each space. There are a 
number of ways in which this may be accomplished, some of which are 
listed: 

1. Dampers on the supply grilles. 

2. Dampers on the return gnlles. 

3. Dampers in the supply ducts. 

4. Dampers in the return ducts. 

5. Reducing the effective area of some outlets by blank-offs. 

6. Combinations of dampers in both supply and return air. 

Dampers on the supply grilles themselves are objectionable because of 
their effect on the air stream. Dampers on the return grilles are frequently 
helpful in building up a static pressure in the room to prevent infiltration 
of outside air, and at the same time reduce the volume of incoming air. 
However, it is frequently impossible to sufficiently reduce the incoming 
air by this method alone. A damper in the supply duct some distance 
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back of the outlet forms a very satisfactory means of regulating the flow 
without disturbing distribution across the outlet face. A damper in the 
return air duct has the advantage over one immediately behind the grille 
in that it does not tend to create high localized velocities through the 
grille as the latter might do if nearly closed. Blank^offs consisting of 
pieces of sheet metal covering a portion of the outlet face can frequently 
be used satisfactorily, although determination of just what is required is 
a matter of experiment, and the balancing of the system is not nearly so 
conveniently accomplished as with dampers. Dampers in both supply 
and return air form the most flexible means of controlling the supply to the 
room and the static pressure within the room. When feasible, these 
dampers, particularly those in the supply ducts, should be a substantial 
distance from the outlet, and ahead of the acoustic duct lining if used. 
Due consideration should also be given to the use of the several volume 
control and uniform distribution devices now available. See Catalog 
Data Sectwn. 
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PROBLEMS IN PRACTICE 

1 • What important factors are involTed in the correct distribution of air to an 
enclosed space? 

Not only is it important to distribute the air from the fan to the various spaces served 
by the system, but also the air must be properly distributed withm the enclosed space to 
give complete satisfaction. 

2 • Upon what basis should the selection of supply outlets be based? 

If possible, the selection should take advantage of the maximum velocity permissible 
from a noise standpomt. 

3 # What factors in grille design ejOfect the length of air throw? 

a The temperature difference between incoming and room air, b. height of gnlle above 
floor, c. face velocity, d core area, e core aspect ratio, and/ design of grille. 

4 # How does the height of a supply outlet affect the temperature differential 
within a room? 

In general, the higher the outlet is above the floor, the greater may be the difference 
between room air and mcommg air temperatures. 

5 • Under conditions prevalent in a large room, how does the intensity of sound 
develop at an air outlet vary? 

The intensity of sound energy is substantially proportional to the rate at which sound 
energy is generated and invereely proportion^ to the number of sound absorption units 
in the room. 
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6 • What are the essential differences between a high velocity long throw and 
short throw grille? 

Generally, a high velocity long throw grille is used where a large compact mass ot air is 
projected with a reduction in the periphery of the air stream whereas, with a short throw 
grille design the periphery ol the air stream is expanded as much as possible to increase 
the scrubbing action between the incoming air stream and the stationary air 

7 • What type of system is generaUy used in a large continuously operated 
theatre? 

Most large continuously operated theatres are provided with a complete downward 
system of air distribution With this system a large number of outlet openings are 
provided each of which discharges air in a thin horizontal stream at high velocity in 
order that the cool air would be mixed v^ith the area in the theatre before it reaches the 
patrons In this type of system the best distribution is obtained when a sufficient 
number of exhaust openings are located under the seats 

8 • What means are available for balancing a system to secure the desired 
amount of air in each space? 

Ways in which this may be accomplished are by a dampers on supply and return gnlles, 
b. dampers in supply and return ducts, c reduction of the effective area of some outlets 
by blank-offs, and d combination of dampers in both supply and return air duct systems 
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AIR DUCT DESIGN 

Pressure Losses^ Friction Losses, Friction Loss Chart, Proportioning 
the Losses, Sizes of Ducts, General Rules, Procedure for Duct 
Design, Air Velocities, Proportioning the Size for Friction, Main 
Trunk Ducts, Equal Friction Method, Duct Construction Details 

T he flow of air due to large pressure differences is most accurately 
stated by thermod3mamic formulae for air discharge under condi- 
tions of adiabatic flow, but such formulae are complicated, and the error 
occasioned by the assumption that the gas density remains constant 
throughout the flow may be considered negligible when only such pressure 
differences are involved as occur in ordinary heating and ventilating 
practice. 

In the development of the formulae, diagrams, and tables for the flow 
of air, use is made of the following basic equation for the flow of fluids: 

If ATv be the velocity head in feet of a fluid, and the velocity, F, be expressed in feet 
per minute,' the fundamental equation is 

7-60 ■^2g flv 

The factor g is the acceleration due to gravity, or 32 16 ft per second per second. 

It IS usual to express the head in inches of water for ventilating work and, smce the 
heads are inversely proportional to the densities of the fluids, 

gy ^ 62.4 
hy d 

12 
or 

Sv = 5.2 

therefore, 

V = 1096.5 (1) 

where 

V * velocity in feet per nimute. 
hy = velocity head or pressure in inches of water. 
d = we^ht of air in pounds per cubic foot. 

For standard air (70 F and 29 921 in. barometer) d = 0.07492 Ib per cubic foot. Sub- 
stituting this value in Equation 1* 
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Fig. 1. Curve Showing Loss of Pressure in Round Elbows 

The drop in pressure in air distributing systems is due to the dynamic 
losses and the friction losses. The frictioh losses are those due to the 
friction of the air against the sides of the duct. The dynamic losses are 
those due to the change in the direction or in the velodly of air flow. 

Ptessuie Losses 

D3niamic losses occur principally at the entrance to the piping, in the 
elbows, and wherever a change in velocity occurs. The entrance loss is 
the difference between the actual pressure required to produce flow and 
the pressure corresponding to the flow product; it may vary from 0.1 to 
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Fig. 2 Curve Showing Loss of Pressure in Square Elbows 
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velocity head. The pressure loss in elbows must also be 
allowed for in the design. It is customary to express dynamic losses in 
terms of the percentage of the velocity head; in other words, the per- 
centage of that pressure corresponding to the average velocity in the duct 
which is expressed in terms of inches of water gage. Figs. 1 and 2 show 
the effect of changing the radius of elbows of square and rectangular 
section^. These charts are based on tests of pipe elbows of ordinary good 
sheet metal construction. For example, a five-piece round pipe elbow 
having a centerline radius of one diameter has a loss of about 25 per cent 
of the velocity head. At a velocity of 2000 fpm the corresponding head 
is 0.25 in. water gage, and at this velocity the elbow just referred to would 
cause a pressure drop of 0.063 in. water gage. Experience has shown that 
good results may be obtained when the radius to the center of the elbow 
is 1 times the pipe diameter. The pressure drop will then be approxi- 
mately 17 per cent of the velocity head for round ducts, and 9 per cent 
for square ducts. Very little advantage is gained in maldng elbows with 
a radius of more than two diameters^. 

Friction Losses 

Friction losses vs^ directly as the length of the duct, directly as the 
square of the velocity, and inversely as the diameter. Since length is a 
fixed quantity for any system, the factors subject to modification are the 
area and the velocity, which determine the relation between the first cost 
of the duct system and the cost of the power for overcoming friction. 

The friction between the moving air and pipe surface causes a loss of 
head which is numerically equal to the pressure required to maintain a 
given velocity, and is expressed in the following modification of Fanning’s 
formula* 

For round pipe and standard air (70 F and 29.921 in. barometer) 

For rectangular ducts 
where 

kL = loss of head, inches of water. 

V 

) * velocity head, inches of water 

V =! velocity of air, feet per minute. 

L =® length of pipe 

jD — diameter of pipe “ all in feet, 

a, 6 = sides of rectangular duct . 

/ =« coefficient of friction. 

C « length of pipe in diameters for one head loss 

For all practical purposes C varies only with the nature of the pipe 
surface* C = 60 for perfectly smooth pipe; — 55 for pipe as used in planning 

^Loss of Pressure Due to Elbows in the Transmission of Air Through Pipes or Ducts, by F. L Buaey 
(A S H V E Transactions, Vol 19. 1918) 

’Pressure Losses m Rectangular Elbows, by R D Madison and J R Parker (Heaitng, Piping and Atr 
Conditioning, July, August, September, 1936) 



(3) 

(4) 
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mill exhaust systems; — 50 for heating and ^'entilating ducts; = 45 for 
smooth and 40 for rough conduits of tile, brick or concrete. However, 
Fritzsche states (and numerous tests check very closely) that / varies 
inversely as the 2/7 power of the pipe diameter, and inversely as the 1/7 
power of the velocity, or inversely as the 1/7 power of capacity, which is 
the same thing. Thus Formula 3 may be re\dsed as follows, based upon a 
loss of one velocity head (at 2000 fpm) in a length equal to 50 diameters 
of 24-in. galvanized swedged pipe. 

The preceding formulae are based on standard air, and for other con- 
ditions the friction vanes directly as the air density and inversely (ap- 
proximately) as the absolute temperature. The increase of friction due 
to increase of air viscosity with increased temperature is small and is 
generally neglected. 

Friction Loss Chart 

Fig. 3 is a convenient chart for determining the friction loss for various 
air quantities in ducts of different sizes. The general form of this chart is 
familiar, but it should be noted that it is corrected for changes in 
the coefficient of friction based on the rule that the coefficient of friction 
varies inversely as the 2/7 power of the diameter, and inversely as the 
1/7 power of the velocity. Fig. 3 is based on a loss of one velocity head 
(at a velocity of 2000 fpm) in a length equal to 50 diameters of 24-in, 
round galvanized-iron duct of the usual construction. Although this 
chart is laid out for a value of C equivalent to 50, it may be used for other 
values of C by varying the friction inversely as this constant.^ For ex- 
ample, if a rougher pipe is used with 40 as the value of C, the friction loss 

50 

as read from the chart should be multiplied by 

Example L Assume that it is desired to pass 10,000 cfm of air through 75 ft of 24-in. 
diameter pipe. Find 10,000 cfm on the nght scale of Fig. 3 and move horizontally left to 
the ^agonal line marked 24-in. The other mtersecting diagonal shows that the velocity 
in the pipe is 3200 fpm. Directly below the intersection it is found that the friction per 
100 ft IS 0 59 in. , then for 76 ft the friction will be 0 76 X 0 59 * 0 44 in. In a like man- 
ner any two variables may be determined by the intersection of the lines representing 
the other two variables. 

Proportioning the Losses 

Other losses of pressure occur at the entrance to the duct, through the 
heating units, and at the air washer. In ordinary practice in ventilation 
work it is usual to keep the sum of the duct losses M to c^nd the loss 
through the heating units at less than of the static pressure. The 
remainder is then available for producing velocity. In the design of an 
ideal duct system, all factors should be taken into consideration and the 
BIT velocities proportioned so that the resistance will be practically equal 
in all ducts regardless of length. 

SIZES OF DUCTS 

The sizes of ducts and flues for gravity or mechanical circulation of air 
are usually based on the losses due to friction, and these losses must be 
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Fig. 4. Main and Branch Piphs for Equal Friction per Foot of Length 
(1 to 20 Per Cent Capacity) 
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kept within the available pressure diflFerence. This pressure difference in 
mechanical ventilation is that derived from the fan, while in gravity 
ventilation the aspirating effect due to the temperature and height of the 
column of heated air causes the pressure difference. 

General Rules 

The general rules to be followed in the design of a duct system are: 

1. The air should be conveyed as directly as possible at reasonable velocities to obtain 
the results desired with greatest economy of power, material and space. 

2 Sharp elbows and bends should be avoided. 

3 The sides of all ducts or flues should be as nearly equal as possible (In no case 
should the ratio between long and short sides be greater tJian 10 to 1.) 

Procedure for Duct Design 

The general procedure for designing a duct system is as follows: 

1. Study the plan of the building and draw in roughly the most convenient system of 
ducts, taking cognizance of the bmlding construction, avoiding all obstructions in steel 
work and equipment, and at the same time maintaining a simple design. 

2. Arrange the positions of duct outlets to insure the proper distribution of heat. 

3. Divide the building into zones and proportion the volume of air necessary to 
supply the heat for each zone. 

4. Determine the size of each outlet, based on the volume as obtained in the preceding 
paragraph, for the proper outlet velocity. 

5. Calculate the sizes of all main and branch ducts by either of the following two 
methods: 

a. Vdodty Method. Arbitrarily fix the velocity in the various sections, reducing the 
velocity from the point of leaving the fan to the point of discharge to the room. In 
this case the pressure loss of eaai section of the duct is calculated separately and 
the total loss found by adding together the losses of the various sections. 

b. Friction Pressure Loss Method. Proportion the duct for equal friction pressure 
loss per foot of length 

6. Calculate the friction for the duct offering the greatest resistance to the flow of 
air, which resistance represents the static pressture which must be maintained in the fan 
outlet or in the plenum space to insure distribution of air in the duct S5^tem. The duct 
having the greatest resistance will usually be that having the longest run, although not 
necessarily so. 

Air Velocities 

The following velocities of air are considered standard for public 
buildings: 

1. Through the outside air intakes, 1000 fpm. 

2 Through connections to and from heating unit, 1000 to 1200 fpm. 

3. Through the main discharge duct, from 1200 to 1600 fpm. 

4. In branch ducts, 600 to 1000, and in vertical flues, 400 to 800 fpm. 

5. In registers or grilles, 200 to 400 fpm dep^ding upon the size and lection. If 
diffusers of proper design are used, 25 per cent higher air veloaties are permissible. 

These duct velocities may Seifely be increased 20 per cent if first dass 
construction is used to prevent any breathing, buckling, or vibration. 
High velodties at one point in the system neutralize the ^ect of proper 
design at all other points; hence the importance of splitters in elbows and 
similar precautions. For industrial buildings noise is sddom considered, 
and main duct velodties as high as 2800 or 3000 fpm may be used where 
conditions will permit. For department stores and similar buildings, 
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Fig. 6. Main and Branch Pipes for Equal Friction per Foot of Length 
(20 to 100 Per Cent Capacity) 
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maximum velocities with good construction and design may be as high 
as 2000 or 2200> fpm in main ducts, with suitable reduction in branches 
and outlets. With these velocities first-class duct construction is essential. 


Proportioning the Size for Friction 

By means of Figs. 4 and 5 the diameter of branch pipes necessary to 
carry a given percentage of the total air in the main pipe and to maintain 
equal friction per foot of the length through the entire system may be 
determined. These charts, as well as Fig. 3, are based on the assumption 
that the coefficient of friction varies inversely as the 1/7 power of the 
capacity. 

Example 2. Suppose a 60-m. main pipe is to be used, and it is desired to know the 
size of branch pipe required to carry 50 per cent of the total air in the mam Find 50 
per cent at the left of the chart, move right to the 60-in. diagonal line and note directly 
above at the top of the chart that the branch pipe will be 46.5 in. m diameter. 


Where rectangular ducts are used it is frequently desirable to know the 
equivalent diameter of round pipe to carry the same capacity and have 
the same friction per foot of length. Table 1 gives directly the circular 
equivalent of rectangular ducts for equal friction and capacity. To 
obtain the size of rectangular ducts for different capacities, but of the 
same friction per foot of length, first obtain the equivalent round pipe for 
equal friction. Thus, if a branch of sufficient size to carry 30 per cent of 
a 12 X 36-in. pipe is desired, it is found from Table 1 that the main is 
equivalent to a 22.2-in. diameter round pipe. From Fig. 5, 30 per cent of 
this is a pipe 14.3 in. in diameter, and referring again to Table 1, the 
rectangular equivalent branch is a 12 x 14-in., 10 x 17J4“in., or any other 
desirable combination. 

Multiplying or dividing the length of each side of a pipe by a constant 
is the same as multiplying or dividing the equivalent round size by the 
same constant. Thus, if 3ie circular equivalent of an 80 x 24-in. duct is 
required, it will be just twice that of a 40 x 12-in. duct, or 2 X 23.3 = 
46.6 in. 


MAIN TRUNK DUCTS 


A main duct with branches is generally used to convey tempered air 
for ventilation purposes only. In place of individual ducts, a compara- 
tively large main duct supplies air by branches to the room or rooms. The 
velocities vary according to the nature of the installation and the degree of 
quietness required. At the start of the run a vdocity as high as 2000 fpm 
may be used, but this is considered the maximum for public building 
work, and is reduced to from 400 to 800 fpm in the risers. This duct system 
may be designed so that the loss of pressure in the branches is equalized in 
a manner similar to that previously described. 


Equal Friction Method 

Example S. Fig. 6 shows a typical layout of an air distribution system which is 
applicable for ventilation of hotel dining rooms and offices. 

The volume of air in cubic feet per minute for the room is determined on the b^is of 
the number of air changes per hour required. In the example shown, the room ventilated 
is a hotel dining room 135 ft x 85 ft x 15 ft A 7 J^minute air change (8 sh changes per 
hour) is assum^ for proper ventilation, giving 22,935 cfm as the air required. 

22 935 

The clear area of the fresh air inlet is based on a velocity of 1000 fpm or ^ ■ = 
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Fig. 6. Typical Layout of Ant Distribution System 
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22.94 sq ft If the air washer is provided with automatic humidity control, the tempenng 
coil should raise the temperature of the entering air to 32 F The i^asher with its auto- 
matic control will then raise the temperature from 32 F to 42 F If the washer is not 
provided with automatic humidity control, the tempenng coil must raise the temperature 
of the entering air to at least 55 F to allow for some temperature drop in the washer due 
to evaporation The reheating coil is selected to raise the temperature of the air from 
that leaving the air washer to 70 F The air washer should have a maximum velocity of 
500 fpm through the clear area, w’hich, m this case, is 46 sq ft For more detailed infor- 
mation on tempering coil and air washer control, see Chapters 14 and 24, 

Since the plan shows a moderately short run of mam duct with no risers near the fan 
outlet, a fan should be selected which will have the required capacity of 22,935 cfm with 
a maximum velocity through the fan outlet of 1400 fppi The outlet area, therefore, 
should be 16J^ sq ft 


Table 2. Pipe Sizes for Example 3^ 


Volume 

OF Am 
(cfm) 

Per Cent 

OF TOTiX 

Volume 

Diameter of 

Pipw 

(IVCHES) 

Equivalent Size of 
Rectangular Duct 
(Iechbs) 

22,935 

100 0 

56 

60x44 

12,510 

54 6 

45 

58 x30 

10,425 

45 4 

42 

50x30 

8,340 

36 3 

39 

42x30 

6,255 

27 2 

35 

42x24 

4,170 

18 2 

29% 

30x24 

2,085 

9.1 

23 

30x15 


aVeloaty through diffusers (uot shown) to be approximately 300 fpm 


The main pipe size should be selected to give a velocity equal to or less than the 
velocity at the fan outlet. Choosing a 56-m. pipe with a cross-sectional area of 17.1 sq ft, 
the velocity in the main pipe will be 1340 fpm. Using the fnction pressure loss method 
this 56-in main pipe will be taken as the basis of calculation. 

Fig. 6 shows the amount of air to be handled by each section of pipe. Expressing the 
volume handled by each section as a percentage of the total volume and using the charts, 
Figs. 4 and 5, the pipe sizes are as shown in Table 2. 

The pressure at the outlets nearest the fan will be greater than at the pipes farther 
along the run so that the former will tend to deliver more than the calculate amount of 
air. To remedy this condition, volume r^^ulating dampers should be located at the base 
of each nser and adjusted for proper distribution. At points where branches leave the 
main it may he advisable, depending u^on the nature of the installation, to install 
adjustable splitters similar to tnat shown in Fig. 6 where the main duct divides into the 
58 in. X 30 in. and 50 in. X 30 in. branches 

The rectangular equivalents are selected from Table 1, the width to depth proportion 
will be determmed by construction requirements and ease of fabrication The calcu- 


lation of the friction is as follows 

The longest run from the fan outlet to diffuser is 150 ft 0 in ; 150 ft of 56-in pipe is 
equivalent to ■ - 32.2 dia. 

Two 46-m., 90-d^ elbows (2X^X8 5) - 13.7 dia. 

(Asaume each elbow eQUivalent to 8 5 diameters of duct. Fig 1 ) 

Two 23-m , 90-d^ elbows (2 X || X 8 5) 7.0 dia. 

23 

Two 23-in , 90-deg elbows in riser (2 X ^ X 30) 24 7 dia 

(Two bad elbows m riser, each eqmvalent to 30 diameters of duct) 

Total diameter of 56-in. pipe. 77 6 
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The velocity head corresponding to a veloaty of 1340 fpm is “ 0.112 in. 

77 6 

Taking 50 diameters as one head loss, then X 0 112 =0 174 in. static loss in duct. 

Where the connection pieces are made with long easy slopes and the general work- 
mans!^ is good, a regain in static pressure may be deducted from the foregoing pressure 
loss Tnis can be taken as approximately two-thirds the difference in velocity pressures 
at the fan outlet and the last run of pipe. The velocity in the riser is 667 fpm with a 
corresponding velocit^^ pressure of 0 027 m. The fan outlet velocity is 1400 fpm with 
a corresponding velocity pressure of 0.122 in The regain equals % (0 122 — 0 027) 


= 0.063 in. • 

The net static pressure loss in the duct is: 

0 174 in. - 0.063 in 0 111 in. 

Other friction losses are as follows: 

(1) Fresh air intake 1000-fpm velocity (IH heads X 0 0625) 0 094 in. 

(2) Tempenng coil loss (from manufacturer's tables) -0 100 in. 

(3) Air washer loss (from manufacturer's tables) 0.250 in. 

(4) Reheating coil loss (from manufacturer's tables) 0.100 in. 

(5) Allowance for regulating dampers and diffusers 0.100 in. 


Static pressure loss of system 0 755 in. 

The fan should be selected from the manufacturer's ratings which, accordmg to the 
Standard Test Code for Disc and Propeller Fans, Centrifugal Fans and Blowers^ will 
d^ver 22,935 cfm at a static pressure of 0 755 in. and which has an outlet area of 16H 
sq ft. 

The method of design used in Example 3 is the equal fruHon method 
described under the heading Procedure for Duct Design. This involves 
the arbitrary reduction of velocity from the fan outlet to the point of 
discharge to the room, and the friction is calculated by adding the pressure 
losses of each section of duct. This method requires dampering in the 
risers. 

Example 4- Fig. 7 shows an exhaust system layout for exhausting from buildings of 
the same type as in Example 3. Assume the air requirements based on the numbtf of 
air changes per hour to be 16,800 cfm. Using a velocity of 1400 fpm in the mam duct at 


Table 3. Pipe Sizes for Example 4^ 


VoLTiiai 
or Am 
(cni) 

Fib Cist 
or Total 

VoLuia 

Diaioibb or 

Fin 

EqtjivaiiBbt Sm or 
RBCTAiraULAB DUOI 
(Ibcbbs) 

16,800 


47 

38x48 

11,550 

68.8 

41 

30x46 

9,450 

56.2 

38 

30x40 

5,250 

31.3 

31 

24x34 

. 4,200 


28.5 

24x28 

3,150 

18.8 

25.3 

16x34 

2,100 

12.5 

21 6 

16x24 


^Velocity through intake gnllea (not shown) to be approziznately 400 fpm 


^See Chapten 17 and 44 
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Fig. 7. Exhaust System Layout 


the fan inlet, which is an average velocity for this type of system, the area of the main is 
12 sq ft, which corresponds to a 47-in. pi^. Referring to Example 3, and usmg the 
charts, Figs. 4 and 5, the pipe sizes are as indicated in Table 3. 

All risers will require dampering as in Example 3. The calculaldon of the friction 
is as follows: 

The longest run from the intake grille to fan inlet is 100 ft 

(1) Duct friction 100 ft of 47-m. pipe 25.6 dia. 

Two 28Ji-in., 90-d% elbows in riser ^ 2 X 28^ X 80 _^ 

(Two bad elbows in naer each equivalent to 30 diameters of duct). 

( 28 5X8 5\ 

— ^ J 6 2 dia. 

Total diameter of 47-in. pipe 67.2 dia. 


Velocity head 


( 1400 \2 

i005y 


» 0.122 in 


^ . 1. j 1 .!_ 67.2 X 0.122 

Taking 50 diameters as one head loss, then gg 

(2) Intake loss from grille (IJ^ heads at a 400 fpm velocity 1}4 X 0.01) 

(3) Static pressure required to produce one vdocity head at 1400 fpm 

(4) Loss occasioned by step-up of velocity (0.20 X 0.122) 

(This loss vanes from 0 05 to 0 40 veloaty head dependins upon the nature of the change. 
For average systems 0 20 veloaty head is a dose appronmation.) 


0.164 in. 

0.015 in. 
0.122 in. 
0.024 in. 


Static pressure loss on inlet side — 
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Fig 8 Isometric View ofDuct 
Showing Location op Stiffening 
Seams on Top and Side Panels 
OF Duct 
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To this must be added the resistance on the discharge side of the fan A fan outlet 
velocity of approximately 1500 to 1600 fpm may be used Assuming the fan outlet to 
be equivalent in area to a 45-in pipe, the velocity is 1525 fpm 

Loss on discharge (15 ft from fan outlet to discharge) 

15 X 12 , ^ 

— jg — = 4 diameters of 4o-in pipe. 

The velocity head corresponding to a velocity of 1525 fpm is 0.145 and the discharge- 
0 145 4 

side loss is = 0 012 in The total static pressure loss of the system is then: 

0 012 -f 0325 = 0337 in 

The fan will be selected to handle 16,800 cfm at a static pressure of 0 337 in and . 
to have an outlet velocity of 1525 fpm Outlet area 11 sq ft. 

Where there are one or more ducts with branches, the velocity of air in 
the ducts may be either chosen arbitrarily or calculated for friction losses. 
When arbitraiy values are assigned, a certain amount of dampen ng 
should be provided for; this will be small when the method chosen permits 
a drop in velocity as the quantity of air is reduced. 

After the total air quantity and the size of fan are ascertained, the main 
duct is usually fixed as being at least equal in area to the fan outlet, or 
perhaps 10 per cent greater. From this main pipe all others are propor- 
tioned. For example, if the main duct is 30 in. in diameter, a branch to 
carry 10 per cent of the total capacity should be 12.7 in. in ^ameter (see 
Fig. 4) in order to have the same friction per foot of length, while one 
carrying one-half the total capacity of a 30-in. main with the same friction 
loss per foot would be 23.4 in. in diameter. By this method of equalizing 
friction it is unnecessary to consider the resistance of each section of pipe 
independently, but only to know the distance from the fan outlet to the 
end of the longest run of pipe, the number and size of elbows, and the 
diameter and velocity in the lai^est pipe. 

Example 5. If the greatest length of piping in a system is 130 ft with a 26-in diameter 
main pipe and one 20-in elbow, the piping having been designed for equal fnction per 
foot of length, the friction would be the same as for 130 Imear feet of 26-in. pipe, or 
60 diameters. To this should be added the friction loss in elbows, in this case one 2C)-in 

20 

elbow, which has a loss equivalent to 8.5 diameters of 20-in pipe. This in turn is ^ 

X 8.5 = 6.6 diameters of 26-in. pipe. The total equivalent length of the system vnll 
then be 60 + 6.6, or 66 6 diameters Since 50 diameters is equivalent to one velocity 
66 6 

head, the loss is = 1.33 times the velocity head. If the velocity is, for example, 
oU 

2200 fpm, corresponding to 0.3-m. pressure, the friction loss of the system will be 1.33 
X 0.3 = 0.399 in. 

Frequently the prevention of sound in a heating or ventilating system 
imposes more severe restrictions than the prevention of excessive pressure 
drop. This question is highly involved and requires consideration of 
many factors. The air velocities to be used will vary with the standard of 
construction used in the ducts themselves as well as with the nature of the 
occupancy and the construction of the building. In general, architects 
and engineers who leave the details of duct construction to the contractor 
must, of necessity, design for lower velocities than might be required for 
quiet operation if proper construction details were always followed. The 
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contractor may be expected to build the ducts by the least expensive 
methods, and the engineer must anticipate this. For further information 
on noise reduction, see Chapter 18. 

Duct Construction Details 

If panel construction is used with standing seams or similar reinforce- 
ment, and the panels are cross-broken to give rigidity, there is less like- 
lihood of vibration due to air flow, or deflection due to air pressure. 
Elbows made without splitters, and improperly shaped transformation 
sections produce high local velocities which are the cause of noise in duct 
work. The use of first-class duct construction with well-designed trans- 
formation sections and splitters in elbows tends to maintain relatively 
uniform velocities with decrease in turbulence and in the noise produced. 

Table 4. Sheet Metal Gages for Rectangular Duct CoNSTRucTioNa 


Gaqi 

Width of Ddot 

Sbaic 

RaiHTOBOlID Sbaic 

26 

Up to 12 in. 



24 

13 m. to 30 in 

1 


22 

31 in. to 48 in. 

1 


22 

49 in to 60 in 


iiin\ in 

20 

61 in. to 90 in 


a m xl% in 


alf panels are not cross-broken two sages heavier matenal should be used 


Figs. 8 to 12 show acceptable construction details for rectangular 
ducts, elbows, and transformation pieces or connections. Other methods 
are also acceptable, such as the use of angle iron stiffeners for large ducts. 
Good construction is essential to the elimination of duct noises and for 
the prevention of a flimsy installation. 

Fig. 8 is an isometric view of a duct showing the location of the 
stiffening seams on the top and side panels. The cross seams should not 
oc<mr at the same place but should be staggered as indicated. Heating 
imits should be installed as shown in Fig. 10 with the duct connections 
making an angle of not less than 45 deg, but preferably 60 deg. Fan dis- 
charge connections should have a maximum slope of 1 in 7, as indicated in 
Fig. 12. Whenever a pipe or other obstruction passes through a duct 
an easement should be placed around the pipe as indicated in Fig. 11. 
The recommended gages for rectangular sheet metal duct construction are 
given in Table 4. 
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PROBLEMS IN PRACTICE 

1 • Determine the equivalent number of diameters of straight pipe eq[uiTalent 
to a 90 deg elbow having center line radii of (a) 100 per cent, (b) 150 per cent, abd 
(c) 200 per cent of the pipe diameter. 

Assume 1 velocity head lost in 50 diameters. 

From Fig. 1 the per cent of 'velocity head lost 

a For 100 per cent radius is 25 5 per cent X 50 = 12 8 diameters straight pipe 

b For 150 per cent radius is 17 0 per cent X 50 — 8.5 diameters straight pipe 

c For 200 per cent radius is 14.5 per cent X 50 = 73 diameters straight pipe 

2 • "Why is it desirable to make elbows with a radius equal to one and one-half 

times the pipe diameter? 

Reference to Figs 1 and 2 will show that while the loss of velocity head, as indicated by 
the curv^, shows considerable variation for elbows between the range of 50 and 150 per 
cent radius, the line is practically straight after 150 per cent, indicating very little 
'variation in loss of head for elbo'ws of larger radius 

3 • What is the best shape to use for ducts? 

The shapes to be used in designing ducts, in the order of their preference, are round, 
square, and rectangular 

4 • What determines which shape to use? 

Structural and space conditions Because ducts are as a rule part of the building or 
structure, it is necessary to proportion their sizes to fit the spaces available. 

5 • What is meant by “arbitrarily fix the velocity in the various sections?” 

When using the velocity method as a basis for desi^, the maximum allowable velocity 
IS fixed for the mam supply duct at the fan, and this velocity is gradually decreased as 
each branch or outlet is taken ofi the main supply duct. 

6 • Which system of duct design is to be preferred, the velocity method or the 
friction pressure loss method? 

The friction pressure loss method can be used to advantage where no structural or 
building conditions limit the shape of the ducts. Where these limiting conditions exist 
the 'v^ocity me^od is to be preferred. 

7 • Are the grille sizes figured on the same basis as the outlets? 

The free area through the grilles is figured the same as the outlets, and this area is 
increased from 20 to 50 per cent, depending on the design of the grille, to allow for the 
loss of area caused by the construction of the face of the grille. 

8 • Where it is necessary to provide steel angle braces, how far apart should 
they be ^aced? 

Angle braces for large ducts should be placed on 3-ft 0-in. centers 

9 • How much air 'will a 10-in. by 24-in. duct handle if it is part of a system 
designed on a pressure drop of 0.1 in. per 100 feet of run? 

1450 cfm (Table 1 and Fig. 3). 

10 • How does a splitter at a duct junction influence the volume of the air going 
through each branch? 
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A splitter facing the direction of air flow cuts off the air and delivers the desired amount 
to the branch 

11 • Why does a wide, shallow duct offer more resistance to the flow of air than 
does a square duct of equal cross-sectional area? 

The perimeter of the wide, flat duct is greater than that of the square-section duct, so the 
former has the greater frictional area which increases the resistance and thus reduces the 
volume at any given pressure 

12 • 'What methods are used to keep large ducts from vibrating because of air 
pulsations, and from sagging because of their own weight? 

External bracing, such as standmg seams, or structural shapes, like tees or angles, should 
be placed across the top and bottom Extenor braces or cross buckling of metal sheets 
in diagonal panels may be used for the sides of large ducts 

13 # What velocities of air flow should he used in the trunk ducts of a venti- 
lating system in a public building? 

From 1200 to 1600 fpm 

14 • In a ventilating system in a residence, what is the recommended air 
velocity through supply registers and grilles? 

400 fpm. 
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INDUSTRIAL EXHAUST SYSTEMS 

Systern Classification, Design Procedure, Requirements for 
Suction and Velocity, Hoods, Design of Duct Systems, Col- 
lectors, Resistance of Systems, Efficient^ of Exhaust Systems, 
Selection of Fans and Motors, Corrosion 

S OME type of exhaust and collecting system is necessary- in almost every 
industry and the present chapter attempts to give general information 
relating to the design of factory exhaust systems in order that efficient 
and economical control of dusts and fumes may be achieved. 

SYSTEM CLASSIFICATIONS 

There are two general arrangements, the central and the group sj^tems. 
In the central system a single or double fan is located near the center of 
the shop with a piping system radiating to the various machines to be 
served. In the group system, which is sometimes employed where the 
machines to be served are widely scattered, small individual exhaust fans 
are located at the center of the machine groups. The group arrangement 
has the advantage of flexibility. 

Exhaust systems are also classified by the means employed to collect 
dust or other material handled. The dust or refuse may be collected and 
controlled by enclosing hoods, open hoods, inward air leakage, or by 
exhausting the general air of the room. 

With some classes of machinery it is not feasible to closely hood the 
machines and in these cases open hoods over or adjacent to the machines 
are provided to collect as much as possible of the dust and fumes. ^ This 
class includes such machines as rubber mills, package filling machinery, 
sand blast, crushers, forges, pickling tanks, melting furnaces, and the 
unloading points of various types of conveyors. 

The open hoods should be placed as dose to the source of dust or fumes 
as possible, with due regard to the movements of the operator. When the 
hood must be placed at some distance above the machine it should be 
large enough to encompass an area of considerable extent as diffusion is 
usually quite rapid. 

Consideration must also be given to the natural movement of the 
fumes. For those titiat are lighter than air the hood should be over or 
above the machine and where a heavy vapor or dust-laden air at ordinary 
temperature is to be removed, horizontal or floor connections are required. 
If it is attempted to remove heavy dust such as lead oxides by an over- 
head hood the conditions may be worse than if no exhaust were used at 
all, owing to the rising air current carrying the dust up through the 
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breathing zones. The objective to keep in mind in all cases is to take 
advantage of the natural tendency of the material to move upward or 
downward. 

In another class of operation the main objective is to prevent the escape 
of dust into the surrounding atmosphere, the removal of some dust from 
the machine or enclosure being merely incidental. The dust-creating 
apparatus is enclosed within a housing which is made as tight as prac- 
ticable, and sufficient suction is applied to the enclosure to mamtain an 
inward air leakage, thus preventing escape of the dust. While the exhaust 
system is required to handle only the air which leaks in through the 
crevices and openings in the enclosure, yet in many installations leakages 
are very high and great care is required to obtain satisfactory results 
with a system of this kind. The inward-leakage principle is utilized for 
controlling dust in the operating of tumbling barrels, grinding, screening, 
elevating, and similar processes. 

Certain dust and fume producing operations are best carried on by 
isolating the process in a separate compartment or room and then apply- 
ing general ventilation to this space. The compartment or room in whi^ 
the work is performed should be as small as is consistent with convenience 
in handling the work. The ventilating system should be designed so 
that a strong current of clean air is drawn across the operator, and away 
from him toward the work, where the dust is picked up and carried 
from the room. 


DESIGN PROCEDURE 

The first step in the design of an exhaust system is to determine the 
number and size of the hoods and their connections. No general rules, 
however, can be given since hood and duct dimensions are determined by 
the characteristics of the operations to which they are applied. When a 
tentative decision regarding the set-up has been made, it is then necessary 
to obtain the suction and air velocities required to effect control. At this 
point the designer must rely upon the prevailing practice and on such 
physical data relating to hoods, duct systems and collectors as are avail- 
able. Finally, in choosing the fan, the area of the intake should be equal 
to or greater than the sum of the areas of the branch ducts. The speed, of 
course, must be sufficient to maintain the estimated suction and air 
velocities in the system. In general, the most important requirements of 
an efficient exhaust and collecting system are as follows^: 

1. Hoods, ducts, fans and collectors should be of adequate size. 

2. The air velocities should be sufficient to control and convey the matenals collected. 

3. The hoods and ducts should not interfere with the operation of a machine or any 
working part. 

4. The system should do the required work with a minimum power consumption. 

^ 5. When inflammable dusts and fumes are conveyed, the piping should be provided 

with an automatic damper in passing through a fire-wall. 

6. Ducts and all metal parts should be grounded to reduce the danger of dust ex- 
plosions by static electricity. 

7. The design of an exhaust system should afford easy access to parts for inspection 
and care. 


iPor more detailed requirements see Safe Practice Pamphlets Nos 32 and 37, published by the National 
Safety Council, Chicago 
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REQUIREMENTS FOR SUCTION AND VELOCITY 

The removal of dust or waste by means of an exhaust hood requires a 
movement of air at the point of origin sufficient to carry it to a col- 
lecting system.^ The air velocities necessary to accomplish this depend 
upon the physical properties of the materiacl to be eliminated and the 

Table 1. Size of Connections for Wood- Working Machinery 


Type of Machivs 


1 Diameter of 
' Connections in 
. Inches 


Circular saws, 12-in. diam 

Circular saws, 12-24-in. diam. 

Circular saws, 24-40-in. diam 

Band saws, blade under 2 in. wide. 

Band saws, blade 2-3 in. wide 

Band saws, blade 3-4 in. wide. 

Band saws, blade 4-5 in. wide. 

Band saws, blade 6-6 m. wide 

Small mortisers 

Single end tenoners I 

Double end tenoners 

Double end, double head tenoners 

Planers, matchers, moulders, stickers, jointers, etc. — 

With knives, 6-10 in 

With knives, 10-20 in 

With knives, 20-30 in. 

Shapers, light work 

Shapers, heavy work 

Belt Sander, belt less than 6 in wide 

Belt Sander, belt 6-10 in. wide. 

Belt Sander, belt 10-14 in. wide. 

Drum Sander, 24 in 

Drum Sander, 30 in. 

Drum Sander, 36 in 

Drum Sander, 48 in 

Drum Sander, over 48 m. 

Disc Sander, 24 in. diam. 

Disc Sander, 26-36 m. diam 

Disc Sander, 36-48 in diam 

Arm Sander 


4 

5 

6 

4 

5 

6 

7 

8 
6 
6 

7 

10 

5- 6 

6 - 8 
6-10 
4-6 

8 

5 

6 
7 

5 

6 

7 

8 
10 

5 

6 
7 
4 


direction and speed with which it is thrown off. If the dust to be removed 
is already in motion, as is the case with high-speed grinding wh^s, the 
hood should be instiled in the path of the particles so that a minimum 
air volume may be used effectively. It is always desirable to design and 
locate a hood so that the volume of air necessary to produce results is as 
small as possible. 

The static suction at the throat of a hood is fr^uently u^ in practice 
as a measure of the effectiveness of control. This is of considerable value 
where exhaust systems adapted to particular operations have been 
standardized by practice. Tables 1 and 2 present the duct sizes usually 
employed for standard wood-working ma^nery md for grinding and 
buffing wheds. Static pressures which in pmctice have been found 
necessary to control and convey various materials, are given in Table 3. 
It must be remembered, however, that the suction is merely a rough 
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Table 2. Size of Connections for Grinding and Buffing Wheels 


Diameter of Wheels 

Max 

Grinding 

Surface 

Sq In 

Min Diam. 

OF Branch 
Pipes in 
Inches 

Grinding — 





6 in or less, not over 1 in thick. 





19 

3 

7 in. to 9 in., inclusive, not over m thick. 

43 

3H 

10 in. to 16 in., “ « ^ 2 

m 

a 

101 

4 

17 in. to 19 m., “ « " 3 

m 

a 

180 

4 ^ 

20 in. to 24 in., “ « « 4 

in. 

u 

302 

5 

25 in. to 30 in, “ " « 5 

in. 

u 

472 

6 

Buffing — 





6 in or less, not over 1 in thick. 





19 

3}^ 

7 in. to 12 in., inclusive, not over llim thick 

57 

4 

13 in. to 16 in., “ « « 2 

m. 

a 

101 

m 

17 in. to 20 in., « « « 3 

in 

u 

189 

5 

21 in to 27 in., “ « « 4 

in 

u 

338 

6 

27 in. to 33 in.. « « « 5 

in. 

u 

518 

7 


measure of the air volume handled and consequently of the air velocity at 
the opening of the hood- The elimination of any dusty condition requires 
added information concerning the shape, size and location of the hood 
used with regard to the operation in question. 

In some states grinding, polishing and buffing wheels are subject to 
regulation by codes. The static suction requirements, which range from 
iSi to 5 in. water displacement in a Z7-tube, should be followed although 
in several instances they may appear to be excessive. Frequently, in 
these operations, a large part of tJie wheel must be exposed and the dust- 
laden air within the hood is thrown outward by the centrifugal action of 
the wheel, thus counteracting useful inward draft. This tendency may 
be diminished by locating the connecting duct so as to create an air flow 
of not less than 200 fpm about the lower rim of the wheel. 

Exact determinations of hood control velocities are not available, but 
it is safe to assume that for most dusty operations they should not be less 


Table 3. Suction Pressures Required at Hoods 


Ttpb or InbtaIiIAtion 

Static Suction in 
Ingbbs or Watsr 

Kxhaufiting from grinding aTid buffing wheels . 

1J4-5 

2 

Ehdiausting from tumbling barrels.. 

Exhausting from wood-WOrkiag machinery — flight duty _ _ _ 

2 

Exhausting from wpnd-worldng machinery — ^hsavy duty 

2-4 

^hna machinery exhaust 

2-3 

Exhausting from nihher manufartiiring processes 

2 

Flint grinding exhaust 

2 

Exhausting from pottery processes _ . 

2 

Lead dust and fume exhaust 

2-4 

Fur and felt machinery exhaust 

2-3 

Exhausting from textile machinery 

2-3 

Exhausting from elevating and crushmg machinery... 

2 

Conveying bulky and heavy materials _ _ 

3-5 



386 











Chapter 21 — Iitoustrial Exhaust Systems 


than 200 fpm at the point of origin. For granite dust generated by 
pneumatic devices, Hatch et aP give velocities from 150 to 200 fpm, 
depending on the type of hood us^, as sufficient for safe control. Con- 
sidering the character of the industry, air velocities of this order may be 
extended to similar dusty operations. The method for approximately 
determining these veloaties in terms of the velocity at the hood opening 
is given below. 


HOODS 

No set rule can be given regarding the shape of a hood for a particular 
operation, but it is well to rmember that its essential function is to create 
an adequate velocity distribution. The fact that the zone of greatest 
effectiveness does not extend laterally from the edges of the opening may 
frequently be utilized in estimating the size of hood required. Wiere 
complete enclosure of a dusty operation is contemplated, it is desirable to 
leave enough free space to equal the area of the connecting duct. Hoods 
for grinding, polishing and buffing should fit closely, but at the same time 
should provide an easy meains for changing the wheels. It is advisable to 
design these hoods with a removable hopper at the base to capture the 
heavy dusts and articles dropped by the operator. Such provisions are of 
assistance in keeping the ducts clear. Air volumes used to control many 
dust discharges may often be reduced by effective baffling or parti^ 
enclosure of an operation. This procedure is strongly urged where dusts 
are directed beyond the zone of influence of the hood. 


Asdal Velocity Formula fox Hoods 


When the normal flow of air into a hood is unobstructed, the following 
formula may be used to determine the air velocity at any point along 
the axis®: 


jc* + 0.1 .4 


( 1 ) 


where 


V = velocity at point, feet per minute. 

A = area of opening, square feet. 

X = distance along axis, feet. 

Q = volume of air handled, cubic feet per minute 


Velocity Contours 

It is possible by use of a specially constructed pitot-tube^ to map 
contours of equal velocity in any axial plane located in the field of in- 
fluence. It has been found that the positions of these contours for any 
hood can be expressed as percentages of the velocity at the hood opening 
and are purely functions of the shape of the hood®. 


^Control of the Silicosis Hazard in the Hard Rock Industries I A Laboratory Study of the Design of 
Dust Control Systems for Use with Pneumatic Granite Cutting Tools, by Theodore Hatch, Philip Dnnker 
and Sarah P Choate i,Joumal of Industrial Hygiene, Vol XII, No. 3, March, 1930). 

*The Control of Industrial Dust, by J M Dalla Valle (itfwAanjcoI Engineering, Vol 66, No 10, October 
1033) 

Studies in the Design of Local Exhaust Hoods, by J M Dalla Valle and Theodore Hatch (Transactions 
A S M E , Vol 64. 1932) 

*Velocity Characteristics of Hoods under Suction, by J M DallaValle (-^ S.H V E Transactions, 
Vol 38, 1932) 
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Further, the velocity contours are identical for similar hood shapes 
when the hoods are reduced to the same basis of compsirison. These facts 
are applicable to all hood problems so that when the velocity contour 
distribution is known, the air flow required can be determined. Fig. 1 
shows the contour distribution in two axial planes perpendicular to the 
sides of a rect^gular hood with a side ratio of one-half. The distribu- 
tion shown is identical for all openings with a similar side ratio provided 
the mapping is as shown in the figure. The contours, of course, are 
express^ as percentages of the velocity at the opening. 



Air Flow from Static Readings 

The volume of air flow through any hood may be determined from the 
following equation: 

Q » 4006/21 VX (2) 

where 


Q = volume of air flow, cubic feet per minute 
A area of connecting duct, square feet. 
h — static suction at throat of hood, inches of water. 

/ « (OTfice or restriction coefiicient which varies from 0.6 to 0.9 depending on the 
shape of the hood. 


388 


Chapter 21 — ^Industrial Exhaust Systems 


An average value off is 0.71, although for a well-shaped opening a value 
of 0.8 may be used. The factor / is determined from the equation : 



where hy is the velocity head in the connecting duct. 

The term static suction is not a good measure of the effectiveness of a 
hood unless the area of the opening and the location of the operation with 
respect to the hood are known. This is clearly indicated by Equation 1 
which shows that the velocity at any point along the axis varies inversely 
as the area of the opening and the square of the distance. However, this 
formula coupled with Equation 2 should serve to indicate the velocity 
conditions to be expected when operations are conducted external to the 
hood opening. 

Large Open Hoods 

Large hoods,^ such as are used for electroplating and pickling tanks, 
should be subdivided so the area of the connecting duct is not less than 
one-fifteenth of the open area of the hood. FrequeniJy, it will be found 
necessary to branch the main duct in order to obtain a uniform distri- 
bution of flow. Canopy hoods should extend 6 in. laterally from the tank 
for every 12-in. elevation, and wherever possible they should have side 
and rear aprons so as to prevent short circuiting of air from spaces not 
directly over the vats or tanks. In most cases, hoods of this type take 
advantage of the natural tendency of the vapors to rise, and air velocities 
may be kept low. Cross drafts from open doors or windows disturb the 
rise of the vapors and therefore provision must be made for them. The 
air velocities required also depend upon the character of the vapors given 
oflF, cyanide fumes, for example, requiring an air velocity of approxi- 
mately 75 fpm on the surface of the tank and add and steam vapors 
requiring velodties as low as 25 to 50 fpm. The total volume of air flow 
necessary to obtain these velodties may be approximately determined 
from the following simple formula: 

Q - l,4JPDV (4) 

where 

Q = total volume of air handled by hood, cubic feet per minute. 

P = penmeter of the tank, feet 

D » distance between tank and hood opening, feet. 

7 = air velocity desired along edges and surface of tank, feet per minute. 

Lateral Exhaust Systems 

The lateral exhaust method, as developed for chromium plating®, is 
applicable in many instances in preference to the canopy t^e hoods. 
The method makes use of drawing air and fumes laterally across the top 
of vats or tank into slotted ducts at the top and extending fully along 
one or more sides of the tanks. The slots are 2 in. wide a,nd for effective 


'Health Hazards in Chromium Plating, by J. J. Bloomfield and Wm. Blum. (U S. Public Health 
Report, Vol 43, No 26, September 7, 1928). 
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ventilation a 2,000 fpm exhaust air velocity at the slot face is advisable. 
In addition, the duct should not be required to draw the air laterally for 
a distance of more than 18 in. and the level of the solution should be kept 
6 to 8 in. below the top of the tanks. 

Flexible Exhaust Systems 

The flexible exhaust tube method may be advantageously used for 
removing dust or fumes. Flexible tubes having one end connected to an 
exhaust system and a slotted hood attached to the other end may be 
shaped at will to fit in with industrial processes without affecting the ease 
of operation. Efficient dust or fume removal may be had with use of 
relatively small exhaust volumes. This type of system may be used on 
swing grinders, portable grinding wheels, soldering operations, stone 
cutting, rock drilling, etc. 

Spray Booths 

In the design of an efficient spray booth, it is essential to maintain an 
even distribution of air flow through the opening and about the object 
being sprayed. While in many instances spraying operations can be 
performed mechanically in wholly enclosed booths, the volatile vapors 
may reach injurious or explosive concentrations. At all times the con- 
centrations of these vapors, and particularly those containing benzol, 
should be kept below 100 parts per million. Spray booth vapors are 
dangerous to the health of the worker and care should be taken to mini- 
mize exposure to them. 

It is recommended in the design of spray booths that the exhaust duct 
be located in a horizontal position slightly below the object sprayed. 
Stagnant regions within the booth should be carefully avoided or should 
be provided with exhaust. The air volume should be sufficient to main- 
tain a velocity of 150 to 200 fpm over the open area of the booth, and the 
vapors may be discharged through a suitable stack to permit dilution, but 
it is better practice to pass the fumes or vapors through baffle type 
washers or scrubbers designed for efficient spray fume removaF. 

Hoods for ClLemlcal Laboratories 

Hoods used in chemical laboratories are generally provided with 
sliding windows which permit positive control of the fumes and vapors 
evolved by the apparatus. Their design should offer easy access for the 
installation of chemical equipment and should be well lighted. Air 
velocities should exceed 50 fpm when the window is opened to its maxi- 
mum height. 

DUCT SYSTEM DESIGN 

The duct system should be large enough to transport the fumes or 
material without causing serious obstruction to the air flow. It is good 
practice to proportion the ducts to obtain the desired velocities and 
suction pressures at the hoods, although in many cases only an approxi- 
mation to an ideal design is possible. Many exhaust hoods, and par- 


'For a discussion of spray booths, see Special Bulletin No. 16. Spray Painting in Pennsylvania, Depart- 
ment of Labor and Industry, 1926, Harrisburg, Pa 


390 



Chapter 21 — Industrial Exhaust Systems 


ticularly those used in buffing and polishing, are connected by short 
branch pipes to the main duct which renders proportioning impractical. 

Construction 

The ducts leading from the hoods to the exhaust fan should be con-^ 
structed of sheet metal not lighter than is shown in Table 4, The piping ' 
should be free from dents, fins and projections on which refuse might 
catch. 

All permanent circular joints should be lap-jointed, riveted and sol- 
dered, and all longitudinal joints either grooved and locked or riveted 
and soldered. Circular laps should be in the direction of the flow, and 
piping installed out-of-doors should not have the longitudinal laps at the 
bottom. Every change in pipe size should be made with an eccentric 
taper flat on the bottom, the taper to be at least 5 in. long for each inch 
change in diameter. All pipes passing through roofs should be equipped 
with collars so arranged as to prevent water leaking into the building. 

The main trunks and branch pipes should be as short and straight as 
possible, strongly supported, and with title dead ends capped to permit 
inspection and cleaning. All branch pipes should join the main at an 


Table 4. Gage of Sheet Metal to be Used for Various Duct Diameters 


Diiiomm 0? Duct 

Gags or Mrrii. 

8 in or less. __ . . _ - 

24 

fl 18 in.- _ __ - -- __ 

22 

10 to 2fi in __ -- 

20 

2fi in. or more __ _ .. _ _ __ 

18 



acute angle, the junction being at the side or top and never at the bottom 
of the main. Bratnch pipes should not join the main pipes at points where 
the material from one branch would tend to enter the branch on the 
opposite side of the main. 

Cleanout openings having suitable covers should be placed in the mam 
and branch pipes so that every part of the system can be easily reached in 
case the system clogs. Either a large cleanout door should be placed 
in the main suction pipe near the fan inlet, or a detachable section of 
pipe, held in place by lug bands, may be provided. 

Elbows should be made at least two gages heavier than straight pipe 
of the same diameter, the better to enable them to withstand the addi- 
tional wear caused by changing the direction of flow. They should pref- 
erably have a tiiroat radius of at least one and one-half times the diameter 
of the pipe. 

Every pipe should be kept open and unobstructed throughout its entire 
length, and no fixed screen should be placed in it, although the use of 
a trap at tihe junction of the hood and branch pipe is permissible, provided 
it is not allowed to fill up completely. 

The passing of pipes through fire-walls should be avoided wherever 
possible, and sweep-up connections should be so arranged that foreign 
material cannot be easily introduced into them. 
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Table 6. Air Speeds in Ducts Necessary to Convey Various Materials 


Mi.TBBZ/LL 

Am Velocitie8 
(fpm) 

Grain diist. __ , , . 

2000 

►WnnH cViipa shaving^. __ 

3000 

Sa-wdnst __ _ _ _ 

2000 

Jute dust 

2000 

RnhVipr Hiiflt _ 

2000 

T.int’ , * 

1500 

du®t (g^pd'Ugs) 

2200 

diiata __ . ... 

5000 

"Rraaa tiimingrs 

4000 

FinA mal 

4000 



At the point of entrance of a branch pipe with the main duct, there 
should be an increase in the latter equal to their sum. Some state codes 
specify that the combined area be increased by 25 per cent. While this 
is not always necessary and is frequently done at the expense of a reduced 
air velocity, it is none the less advisable where future expansion of the 
exhaust system is contemplated. 

Air Velocities m Ducts 

When the static suction has been fixed for a given hood, the air vdocity 
in the duct may be determined from Equation 2. Air vdocities for 
conveying a material should be moderate. Table 5 gives the vdodties 
generally employed for conveying various substances. Equations 5a and 5b 
may be used as tests to determine the conveying eflSdency of a system*. 
Velocities determined from these formulae should be increased by at least 
26 per cent since they represent the minimum at which a stated size and 
density of material can be transported. 


For vertical dmts: 

V = 13,300 ^-5- 

j + 1 

(6a) 

For horizontal ducts: 

V = 6000 — ^ 

* + 1 

(6b) 

where 


■ 

V » air velodty in duct, feet per minute 

5 = specific gravity of particles 

d « average diameter of largest particles conveyed, inches. 



Example B Granular material, the largest size of which is approximately 0.37 in. in 
diameter, with a spedfic gravity of 1.40 is to be conveyed in a vertical pipe the velocity 
of the air in which is 4100 fpm; hnd whether the material can be transported at this 
velocity 

Substitute data in Equation 5a and multiply by 1.25: 

r = lae X 13,300 x x ottos' 

Antilog (0.67 X log 0.37) = 0.568; the required velocity is, therefore, 5500 fpm 

“Detemumiig Minunum Air Veloaties for Eschauat Systema, by J M DallaValle (ASHVE Jouma 
Section, Heating, Ptptng and Atr Condtt%omng, September, 1932) 
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Table 6. Loss Through 90-Deg Elbows 


Elbow Cinisb Lutx IUbiob m Fxb Gxnt 
or Fzfb Dumbtbb 

Loss IN Fbb Cbnt or VxLocirr Bskn 

50 

75 

100 

26 

150 

17 

200 to 300 

14 


Hence, the duct velocity must be mcreased either by speeding up the fan or decreasing 
the diameter of the duct, or both. 

Duct Resistance 

The resistance to flow in any galvanized duct riveted and soldered at 
the joints may be obtained from Fig. 3, Chapter 20. The pressure drop 
through elbows depends upon the radius of the bend. For elbows whose 
centerline radii vary from 60 to 300 per cent of pipe diameter, the loss may 
be estimated from Table 6. It is sometimes convenient to express the 
resistance of an elbow in terms of an equivalent length of duct of the same 
diameter. Thus with a throat radius equal to Qie pipe diameter the 
resistance is equivalent to a section of straight pipe approximately 10 
diameters long, while with a throat diameter radius IJ^ times the dia- 
meter, the resistance is about the same as that of seven diameters of 
straight pipe. 


COLLECTORS 

The most common method of separating the dust and other materials 
from the air is to pass the mixture through a centrifugal or cyclone 
collector. In this type of collector the mixture of the air and material 
is introduced on a tangent, near the cylindrical top of the collector, and 
the whirling motion sets up a centrifugal action causing the compara- 
tively heavy materials suspended in the air to be thrown against tJie side 
of the separator, from which position they spiral down to the tail piece, 
while the air escapes through the stack at the center of the collector. 

The diameter of the cyclone should be at least 3 tinles the diameter 
of the fan discharge duct. When two or more sep^te ducts enter a 
cyclone, gates sho^d be provided to prevent any back draft through a 
system which may not be operating. Cyclones working in conjunction 
with two or more fans should be design^ to operate efficiently at two- 
thirds capacity rating. The following formula is useful in compu^g the 
loss through a cyclone when the velocity of the air in the fan discharge 
duct is known : 

(tw)" <« 

where 

he = the pressure drop through the cyclone, inches of water. 

V = the air velocity in the fan discharge duct, feet per minute. 

If a cyclone is used to collect light dusts such as buffing whed dusts, 
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feathers and lint, the exhaust vent should be large enough to permit an 
air velocity of 200 to 500 fpm. This will, of course, require a cyclone of 
larger dimensions than given for the foregoing general case. 

When a high collection efficiency is desired, or the material is very fine, 
multicyclones may be used. These are merely small cyclones arreinged in 
parallel which utilize the principle of high centrifugal velocity to attain 
separation. The capacities and characteristics of this type of separator 
should be obtained from the manufacturers. 

doth Filters 

Filters are used when the material collected by an exhaust system is 
valuable or cannot be separated efficiently from the air with an ordinary 
cyclone. They are also employed when it is desirable to recirculate the 
air drawn from a room by the exhaust system, which otherwise might 
entail considerable loss in heat. Bag filters which are properly housed 
may be operated under suction. Bag houses used in the manufacture of 
zinc oxide and other chemical products are operated on the positive 
side of the fan. 

Wool, cotton and asbestos cloths are commonly used as filtering 
mediums. When woolen cloths are employed, the filtering capacities vary 
from 3^ to 10 cfm per square foot of filtering surface, depending on the 
character of the material collected. The rates for cotton and asbestos 
cloths are lower. The type of filter cloth and the rates of filtration 
depend, of course, on the material to be collected and the fan capacity. 
The time increase of resistance varies with the amount of material per- 
mitted to build up on the surface of the filter and can be determined only 
by experiment. The limits of the increase may be regulated by adjust- 
ment of the shaking or cleaning mechanism. These limits may be 
regulated further according to the capacity of the fan and the effective 
performance of the hoods and the duct system. 

For additional information on Dust and Cinders, see Chapter 15, 
Air Pollution, p. 301. 


RESISTANCE OF SYSTEM 

The maintained resistance of the exhaust system is composed of three 
factors: (1) loss through the hoods, (2) collector drop, and (3) friction 
drop in the pipes. 

The loss through the hoods is usually assumed to be equal to the suction 
maintained at the hoods. The collector drop in inches of water is given 
approximately by Equation 6, but where possible the resistance of the 
particular collector to be used should be ascertained from the manu- 
facturer. 

Frii^on drop in the pipes must be computed for each section where 
there is a ch^ge in area or in velocity. Find the velocities in each section 
of pipe starting with the branch most remote from the fan. The friction 
drop for these sections can be determined by reference to Table 6. Total 
friction loss in the piping system is the friction drop in the most remote 
branch plus the drop in the various sections of the main, plus the drop 
in the discharge pipe. 
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EFFiaENCY OF EXHAUST SYSTEMS 

The efficiency of an exhaust system depends upon its effectiveness in 
reducing the concentration of dusts, fumes, vapors and gases below the 
safe or threshold limits®. 

Too much emphasis cannot be placed on the necessity of testing exhaust 
systems frequently by determining the concentration of atmospheric con- 
tamination at the worker’s breathing level. Commonly accepted values 
of threshold limits for the usual gases and vapors are given in Table 7. 

SELECTION OF FANS AND MOTORS 

Manufacturers generally provide special fans for the collection of 
various industrial wastes. These are available for the collection of coal 
dust, wood shavings, wool, cotton and many other substances. For 


Table 7. Threshold Limits of Common Vapors and Gases^ 


SUBSTAlfCB 

Spec Gbav 
or Oas OB 
Vapob (Am 1} 

TwW.4irUAPT.» 

IiDlTFS 

(%) 

Fhtbioloqical 

Action 

Mazqcum 

Allowablb 

CoNCBNTBiTION 

(FPIC) 

Chlonne 

2 486 

non-uiflamm 

uritant 

0.35 

Ozone — — 

5 5 

do 

do 

0.80 

Hydrogen chlonde. - 

1 2678 

do 

do 

10.0 

Sulphur dioxide 

2.2638 

do 

do 

10.0 

Carbon monoxide- - 

0 9671 

12.5-74 

asphyxiant 

100.0 

Hydrogen sulphide. 

1.190 

4.3-46 

do 

85-130 

Benzene 

2 73 

1.4-7.0 

anesthetic 

100.0 

Methanol 

1 1 

7.5-26 5 

do 

100.0 

Carbon tetrachlonde 

5 3 j 

non-inflamm. 

do j 

100.0 


aThe Prevention of Occupational Diseases, by R R Sayers and J M DallaVaUe (.Mechanical Engt- 
neertng, Vol 67, No 4, April, 1935) 


particular features concerning special fans, consult the Catalog Data 
Section of TRe Guide and manufacturers’ data. When substances 
having an abrasive character are conveyed, the fan blades and housing 
should be protected from wear. This may be accomplished by placing a 
collector on the negative side of the fan or by lining the housing and 
blades with rubber. 

If no future expansion of an exhaust system is contemplated, the fan 
motor should be chosen to provide the calculated air volume. ^ Should, 
however, the exhaust system be required to handle more air in the 
future, the motor should be adequate for the maximum load anticipated. 
Further information regarding tie choice of fans and motors is given in 
Chapters 17 and 42. 

PROTECTION AGAINST CORROSION 

The removal of gases and fumes in many chemical plants requires that 
metals used in the construction of the ediaust system be resistant to 


*Cntena for Industrial Exhaust Ssrstems, by J. J. Bloozufidd (A.S H.V.B. Tkai9Sa.ction5, VoL 40 
19 ^) 
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Table 8 Materials to be Used for the Protection of 
Exhaust Systems Against Corrosion® 


Ttfb or Fumb ComrsTSD 

PBOTBcnva Matbbial to bb Usbd 

Chlnrinp. 

Rubber lining or chrome-nickel alloys 

Aluminum coated iron, aluminum, high chrome-nickel alloys 
Iron or steel 

Hydrogen siilphidf^ 

Arnmnnia 

SnlphnrniTj? 

High chrome-nickel alloys 

Rubber lining, chrome-nickel alloys 

Nickel-chrome alloys 

Hydrochloric acid 

Nitrmis 



■Condensed from data given by Chilton and Huey (Jndtisirujl and Engineering Chemistry, Vol 24, 1932) 


chemical corrosion. A list of the materials which may be used to resist 
the action of certain fumes is given in Table 8. Hoods and ducts when 
short, may frequently be constructed of wood and be quite effective. 
Rubberized paints are available and may be applied as protective coatings 
in hanging such gases and fumes as chlorine and hydrochloric acid. 


PROBLEMS IN PRACTICE 

1 • What determines the efficiency of an exhaust system? 

It is dependent upon its effectiveness m reducing the concentration of dust, fumes, 
vapors and gases below the safe or threshold limit 

2 • Are state regulatory requirements as to suction applicable to all sorts of 
dust collecting installations? 

As a rule the regulations refer only to grmding wheel and buffing wheel systems 

3 • What is the most common method of reducing total air volumes handled 
in cases employing large hoods over apparatus covering a large area? 

The use of the petticoats on large hoods which pennits a comparatively high air velocity 
at the rim of the hood and controllably small velocities in the center. 

4 • What other t^^es of collectors are available for use in the place of cyclones 
and filters when ^emic»l and physical conditions obviate the possibility of the 
use of them? 

Devices such as scrubbers and contactors, using water or other contacting liquids, and 
dectrical precipitators. 

5 • What is the most frequent error made in dust collector system design? 

The omission of some means of putting into the workroom air having the proper charac- 
teristics to replace that which has been exhausted. 

6 • Are there available means for testing the performance of dust collecting 
systems when they are required to meet high industrial hygienic standards? 

Yes. Such means are set up by the United States Public Health Service and by the 
Standard Code for Testing and Rating Air Cleaning Devices Used in General Venti- 
lation Work. (Chapter 44). 

7 • Why is it not permissible to connect up emery wheels and bnfi&ng wheels to 
the same exhaust system? 
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Emery wheels buffing wheels should be handled by separate systems because of the 
fire hazard, as it is possible for sparks from the emery wh^s to ignite the lint and dust 
from the buffing wheels when both are carried through the same system 

8 # Give an important characteristic of centrifugal type dust collectors which 
should be given consideration when applying tbia type of collector to instal- 
lations requiring high separating efficiencies. 

The ^parating action of a cyclone or centnfugal type collector depends largely on 
centrifugal force Reducing the radius of air flow increases the centrifugal force for a 
given vdocity of flow. Accordingly, the smaller size units usually give higher separating 
factors, and better results can sometimes be obtained by using a number oi small col- 
lectors instead of one large unit 

9 # Mention some general suggestions relating to the design of efficient in- 
dustrial exhaust systems. 

а. Endeavor to obtain a maximum degree of effectiveness with a minimum volume of air, 
by the use of well designed hoods closing in the sources of fumes or material to be removed 
so located as to take advantage of the natural direction taken by the fumes or materials 
when leaving their source 

б. Give particular care to the velocity of flow The duct velocities for matenal con- 
veying systems must be high enough to properly carry the material, but they should not 
be hi^er than necessary because excessive velocities increase the pressure requirements 
and result in a waste of po'wer 

c. Select the type of fan best suited to the job For installations where stnngy material 
is handled do not use a fan wheel which has a shroud. 

d. When handling the refuse from various machmes, study the grouping and operating 
cycles of the machines. Connecting a large number of machines into one system is 
frequently very uneconomical. 

e Avoid unnecessary distances and bends in laying out the piping system. 

10 • The static pressure measured at the throat of a buffing wheel hood is 2 in. 
and the veloci]^ head measured with a Pitot tube is 1.6 in. Calculate the 
restriction coefucient f. 

From Equation 2, F = 4005 / 

From the theory of air flow, V - 4005 
Hence, - f ^/ ht^ 
or 

11 • A tank, 4 ft by 8 ft, contains a fluid which gives off injurious vapors. A 
large hood is looat^ 30 in. above the top of the tank and extends slightly over 
its edges. Assuming that a velocity of 60 i^m is required to adequately control 
the vapors near the edges of the tank, calculate the air flow required. 

Using Equation 4, P = 2 X 4 2 X 8 = 24 ft, P = 30 in. = 2 5 ft; F = flOfpm. 

Hence, Q = 1.4 X 24 X 2 5 X 60 = 5040 cfm 

12 • SUica dust with a specific gravity of 2.65 is being convey^ in a duct system. 
The velocity measured in a vertical portion of the system is found to be ^00 
^m. What is rmt'nrrmm diameter particle transported at this velocity? 

Uring Equation 5a, 2700 = 13,300 X X 

from which 

d = (0.28)1-” = 0.11 in. 
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13 # Wliat important factors must be considered in the determination of 
resistance for an exhaust system? 

The maintained resistance of an exhaust system is composed of three factors, namely, 
(1) loss through the hoods, (2) friction drop through the pipe system, and (3) collector 
drop. 

14 • What special materials may be used to resist chemical corrosion in a 
system exhausting gases and fumes? 

Various protective materials are available for exhaust systems depending largely upon 
the type of fumes conveyed. Nickel-chrome alloys, alummum coated metals and rubber 
linings are extensively used Also protective rubberized paints are available which may 
be applied for conveying chlonne and hydrochlonc acid fumes. 
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RAILWAY AIR CONDITIONING 

Pfissenger Car Ventilation, Steam or Vapor Heating, Cooling Equips 
ment. Calculation of Car Cooling Load, Humidity Control, Tempera- 
ture Control, Electric Potoer Supply, Comparative System Costs 

T he general principles of air conditioning as applied to buildings also 
apply to railway cars, but due to space and weight limitations and 
the severity of the service, equipment designed for stationary work in 
buildings is seldom suitable for car installations. Equipment for railway 
use must be safe, reliable, compact, light in weight, accessible for inspec- 
tion and repairs, as nearly automatic in operation as possible, and have 
low initial, operating, and maintenance costs. To properly air condition 
a c^, ventilating, filtering, heating, cooling, humidifying, and control 
equipment must be provided together with an adequate power supply. 
Air from the interior of the car is mixed with air from the outside and 
passed^ through the air conditioning unit where it is heated or cooled, 
humidified or dehumidified and delivered to the interior of the car 
through suitable ducts and grilles. 

PASSENGER CAR VENTILATION 

One of the important problems in connection with air conditioning of 
cars is that of ventilation. In non-air conditioned cars, ventilation is 
accomplished by exhaust fans, roof ventilators and open doors and 
windows. This provides an ample supply of outside air and in addition a 
large amount of smoke and dirt which may be excluded in an air con- 
ditioned car. 

An average car contains approximately 6000 cu ft of air which is being 
contaminated by the occupants who are continually liberating heat, 
carbon dioxide, moisture, odors, and some organic matter from the 
breath, skin and clothing. The heat and moisture can be removed by 
cooling and dehumidifying, but the others can be handled only by proper 
ventilation. In the avereige car from 2000 to 2500 cfm of air should be 
delivered by the air conditioning unit. Some of this air may be re- 
circulated, but a portion of it should be brought in from the outside.^ The 
amount of outside air required depends upon the type of car (dining, 
club, cafe), number of passengers, air temperature, humidity, smoke, and 
odors, and will vary from 15 to 90 per cent. This percentage of outside 
air should be kept as low as possible to still maintedn the air in the proper 
condition in order to minimize the heating or cooling load. 

In equipping old cars, the air is often distributed to the car from the 
conditioning unit through one or two side ducts, built on the outside of 
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monitor-roofed cars and on the inside of turtle-back or arched-roof cars. 
In some instances, a center duct is used and in others the air is discharged 
directly from the conditioning units into the upper part of the car either 
through the end bulkheads or from a unit placed overhead in the center 
of the car. For details of air distribution and duct design see Chapters 19 
and 20. Care should be taken to keep the air velocity in the ducts below 
the point where the noise would be objectionable. 

Suitable grilles should be used at duct outlets to reduce the velocity 
and to direct the air so as to insure thorough mixing without objectionable 
drafts. The incoming air should be introduced as near room temperature 
as possible and should have a velocity of not over 120 fpm when it 
reaches the passengers. The outlet grille nearest the recirculating air 
grille should deflect 45 deg in one direction towards the center of the car 
to prevent the incoming air from passing directly to the recirculating 
grilles. The other outlet grilles installed along the ducts should deflect a 
portion of the air 45 deg to the right and 46 deg to the left and to all 
points between. 

Smoking rooms present a special problem The cloud of smoke that 
usually hangs near the ceiling can be broken up by having the incoming 
air directed along the ceiling in all directions at a velocity somewhat 
higher than that used for the rest of the car. The air should be exhausted 
from the room by a fan or through a grille to the wash room or lavatory, 
to be exhausted to the outside through a ventilator. 

For compartments a supply duct outlet grille of suitable size and 
design should be provided and provisions made in the door or partition 
for removal of the recirculated air through a special grille, which will allow 
the air to pass from the room to the main recirculating air grille. The 
exhaust grille should be designed and arranged so as to obstruct the 
vision of passengers. 

Lower berths in sleepers and office cars should be provided with an 
adjustable air outlet which will discharge the amount of air desired at low 
velocity in any direction so that the occupant can regulate the ventilation 
to meet his own requirements. 

Recirculating air grilles are usually of the straight flow t 3 ^e, arranged 
to hold two 2 by 16 by 20 in. filters and hinged on an angle iron frame to 
permit easy access for cleaning and repairs. They should be located so 
that objectional drafts will not be created by the return air. The outside 
air intakes should be of ample size and provided with filters and dampers 
or shutters for regulating the amount of outside air. 

In cars containing but one or two rooms or compartments, satisfactory 
results may be obtained by discharging the air directly from the con- 
ditioning unit into the upper part of the car. Care must be taken to have 
a proper discharge veloaty. If the velocity is too low, the air will drop 
before reaching the end of the car and if too high it will discharge against 
the end bulkhead ^d be reflected back. Greater care must be exercised 
to secure proper circulation without more objectional drafts than when 
ducts are used. 

Filters naade of metal wool, spun glass, hemp, paper, cloth, and wire 
screen are in use. Some t 3 q)es may be cleaned, retreated aind returned to 
service while other types are discarded when dirty. 
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STEAM OR VAPOR HEATING 

The majonty of cars in service are heated by circulating low pressure 
steam or vapor through pipes located along the side walls near the floor. 
When an overhead air conditioning unit, using air from the outside and 
discharging it into the car, is installed it is necessary to provide a heating 
coil to warm the mr during cold weather. Most of the heat required in the 
car can be supplied by the overhead unit but in extreme weather some 
heat must be supplied at the floor to keep the lower part of the car at a 
comfortable temperature. It is also desirable to have sufficient floor 
radiation to keep the car from freezing up while standing in the yard with 
the air conditioning unit shut off. Usudly from 30 to 40 per cent of the 
heat required is supplied from the overhead unit and the balance from the 
floor heating system. The amount of heat required depends upon the 
type and construction of car, especially the amount and kind of insulation, 
outside temperature, wind velocity and direction, train speed, number of 
passengers, and inside temperature desired. In severe weather, —10 to 
— 20 F, an average of approximately 200 lb of steam per car per hour is 
required. Pullmans will require approximately 250 lb per hour, coaches 
150 to 175 lb and baggage cars 150 lb. 

COOLING EQUIPMENT 

Three general t 3 q)es of cooling or refrigerating equipment are being used 
with satisfactory results. These are the ice, steam jet, and mechanical 
compressor systems. These systems when arranged for car use, function 
the same as in stationary service, but must be more compact and lighter 
in weight. See Chapters 2 and 11 for the general principles of the 
various systems. 

The mechanical compressor systems are divided into two general 
classes, the direct drive and the electro-mechanical, differing only in the 
method of driving the compressor. With the direct drive system, the 
compressor is driven from the car axle through a combination of pulleys, 
belts, gears, a shaft, and a speed control device. With the electro- 
mechanical system the compressor is driven by an electric motor. The 
refrigerant most commonly used in the mechanical compressor systems 
is Freon. 

Another type of system which has possibilities of being adapted to 
railway air conditioning uses methylene chloride as the refiigerant, dry 
ice, and a small circulating pump in place of the conventional compressor. 
The refrigerating unit consists of a condenser built into an insulated dry 
ice box. The methylene chloride is liquified by the low temperature 
produced by the dry ice and is circulated by the pump through the 
evaporator coils where part of it is vapomed by the heat from the air 
passing over the evaporator coils. The mixture of gas and liquid passes 
back to the condenser where the heat is removed and the gas liquified. 
This system will probably not offer many possibilities until an adequate 
supply of dry ice can be assured at a stable and reasonable price, 

A system using a compressor driven by an internal combustion en^ne 
operating on propane has also been considered for railway air conditioning. 
The engine, compressor, condenser, starting motor and battery are 
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mounted together in a single unit and supported on a track on the car 
under-frame on pneumatic supports. Propane fuel sufficient for several 
days’ operation is carried in three drums mounted in a rack under the car. 
Freon is used as the refrigerant. The unit may be used with a direct 
expansion air conditioning unit or it can be used with a heat exchanger 
with cold water cooling coils. 

The capacity required in the refrigerating system depends upon a 
number of factors such as size and type of construction of car, thickness 
and kind of insulation used, amount of heat produced within the car by 
motors, lights, and other appliances, amount of outside air, outside air 
temperature and humidity, intensity of solar radiation, number of pas- 
sengers, and inside temperature desired. A check of a number of cars 
with ice-activated systems indicates an average ice consumption, day and 
night, of approximately 275 lb per hour. This means an average capacity 
of 3.3 tons of refrigeration. It has also been observed on test that in the 
sunshine with an outside dry-bulb temperature of 85 to 90 F and a wet- 
bulb temperature of 73 to 75 F, a six-ton compressor unit operates ap- 
proximately 50 per cent of the time. As the average temperature during 
the cooling season is below 90 F the observed performance of the six-ton 
compressor unit compares with the 3.3 tons average capacity determined 
for the ice systems. It was also observed on test that with temperatures 
above 90 F, high humidity, and in the sunshine, a six ton unit operates 
almost continuously. The sun load on a bright sunshiny day is about one 
ton. For average cars on sunshiny days, with high temperatures and 
humidity, from 65,000 to 80,000 Btu per hour will have to be removed 
from the interior of the car to maintain an inside effective temperature 
within the comfort zone. This means that a refrigerating capacity of 
from 5.6 to 7 tons will be required. 

CALCULATION OF CAB COOLING LOAD 

Due to the many variables involved the calculated heat gain will be 
more or less of an approximation, but if a careful study is made, results 
sufficiently accurate for all practical purposes may be obtained. The 
following example illustrates a typical cooling load calculation. 

Example and Solution 

Type of car = Arched-roof steel coach. 

Roof area = 70.3 X 12 6 = 880 sq ft. 

Floor area = 70.3 X 9 8 = 687 sq ft. 

Window area = 38 X25X2 = 190 sq ft 

Net side wall area = (2 X 7.5 X 70 3) — (190) = 865 sq ft. 

End area = 2 X 7.5 X 9 8 == 147 sq ft 

Average roof section. Ke in. steel sheet, 1 layer tar paper, 2 in air space, in. 
hairfelt, in. rigid fiber board insulation. 

Average window section: two layers of H m. glass with IJ^ in. air space between. 

Average floor section: 1 in. composition, Ke in. steel, in air space, 1 in hairfelt, 
He in steel 

Average side and end section: Hem steel, H m hairfelt, 3 in air space, % in wood. 

End area is taken as total area at body and bulkheads with no allowance made for 
glass as car is vestibuled and glass in body ends is not subjected to direct solar radiation 

Outside dry-bulb temperature to = 95 F. 

Outside wet-bulb temperature i*o 75 F. 
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Outside effective temperature ETo 

Outside relative humidity rho 

Inside dry-bulb temperature t 

Inside wet-bulb temperature 
Inside effective temperature ET 

Inside relative humidity rh 

Density of air at i d 

Moisture per pound of dry air at to and i’o Go 
Moisture per pound of dry air at t and t' G 

Moisture per pound of dry air to be removed M 

Evaporator condensate temperature 

Latent heat of water at 53 F L 

Specific heat of air Cp 

Number of seated passengers Pa 

Number of attendents Pa 

Heat given off by each passenger 

Heat given off by attendant 

Outside air introduced Q 

Roof temperature in sun = 40 F above ambient. 

Wall temperature in sun = 25 F above ambient. 

Sun 15 deg from Zenith. 


= 83F. 

= 40 per cent 
= 80 F. 

= 66 5 F. 

« 73 5 F. 

== 50 per cent. 

= 0 07353 
= 99 grains. 

= 77 grains 

^ Go - G ^ 99 ~ 77 = 0 00314 lb 
7000 7000 

= 53 F. 

= 1060 Btu per pound. 

= 0.241 
= 68. 

= 1 

= 400 Btu per hour. 

= 650 Btu per hour. 

= 500 cfm 


Solar heat = 4.75 Btu per minute per square foot 30 per cent of heat passing through 
glass is reflected and reradiated, 70 per cent remainmg. 80 per cent of heat at surface 
passes through glass Then 4.75 X oine 15 deg X 0.8 X 0 7 = 0.7 Btu per square foot 
per minute passes throu^ glass. Evaporator motor = hp. Evaporator motor 
efficiency — 65 per cent The total heat gam will include the gains from leakage through 
roof I floor, side walls, end walls, windows, sensible and latent heats from outside air, 
heat from occupants, heat from evaporator fan motors and solar radiation. 


CcdcidaHon of Transmission Coefficients, (See Chapter 5.) 

Roof coefficient — Ur - Btu per hour per square foot per degree Fahrenheit. 


Outside air film 

fo = 600 

1// 


= 0.1660 

Ke in- steel 

k = 308 

X 

k 

0.0625 

308 

= 0.0002 

2 in. air space 

II 

J-* 

o 

1/a 

0.5 

0.25 

= 0.9090 

in. hairfdt 

k = 026 

X 

k “ 

= 2.0000 

3^ in. rigid fiber board insulation 

k = 033 

II 

0.125 

0 33 

= 03800 

Inside air film 

fi = 1.65 

1// 


= 0.6080 


Total 4.0632 


Ut « ^ 0.246 Btu per hour per square foot per Fahrenheit. 

Side and end wall coefficient = Ua = Btu per hour per square foot per degree Fahrenheit. 


Outside air film 




= 0.1660 

5^6 in. steel 

k = 308 

X 

k 

0.1875 

308 

* 0.0006 

in. hairfelt 

= 0 25 

II 

0.6 

0.25 

= 2.0000 

3 in air space 

a = 1.10 

l/a 


« 0.9090 
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% in wood 

t-na X _ 075 

T-Ts 

= 0 9350 

Inside air flim 


= 0 6080 

Total 


= 4 6186 

TT 1 

“ 4 6186 

0 217 Btu per hour per square foot per degree Fahrenheit 

Window Coefficient 

— — Btu per hour per square foot per degree Fahrenheit 

Outside air film 

k-~2W 

= 01660 

in glass 

- 0 0616 

13^ in air space 

n = 1 10 l/a 

= 0 9090 

in glass 


= 0.0616 

Inside air film 


= 0 6080 

Total 


= 1 8062 

u - - 

1.8062 

0.553 Btu per hour per square foot per degree Fahrenheit 

Floor Coefficient = 

Ui = Btu per hour per square foot per degree Fahrenheit. 

Outside air film 


= 01660 

steel 


« 0 0002 

in. air space 

0 = 1 10 1/a 

= 0.9090 

1 in hairfelt 

k =025 l/k 

= 4 0000 

Jie in* steel 


« 0.0002 

1 in composition 

1— i 

o 

<50 

II 

« 0.1666 

Inside air film 


= 0 6080 

Total 


- 5.8500 


Ui = = 0.171 Btu per hour per square foot per degree Fahrenheit 


Heat Leakage' 

Through roof = 880 X 0 246 = 216 

side walls = 865 X 0 217 = 188 

floor = 687 X 0 171 = 118 

windows = 190 X 0 653 = 105 

end walls = 147 X 0.217 = 32 

659 Btu per hour per degree Fahrenheit. 

Total heat gam = 669 (fo — 0 = 659 X 15 - 9890 Btu per hour 

Sensible heat gain from make-up air = Q X 60 X d X Cp X (/© “ t) 

« 500 X 60 X 0 07363 X 0 241 X 15 * 7950 Btu per hour. 

Latent heat gain from outside air = LX60XQXdXikr 

= 1060 X 60 X 600 X 0.07363 X 0.00314 « 7360 Btu per hour. 

Heat gam from passengers = (68 X 400) -|- (1 X 650) =» 27,850 Btu per hour 

Heat gam from evaporator motor = X 0 746 X 3415 = 1960 Btu per hour 

Heat gain from solar radiation* 

Heat gain through roof « i7r X -4r X 40 = 0.246 X 880 X 40 = 8670 Btu per hour 

Heat gain through side wall = 0 217 X 433 X 25 = 2350 Btu per hour. 
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Heat gam through window * 0 7 X -I- X 60 

A 

Total heat gain from solar radiation 
Summary of Total Heat Gains 
Leakage 

Sensible heat from outside air 
Latent heat from outside air 
Heat from passengers 
Heat from evaporator fan motors 
Solar radiation 


* 4000 Btu per hour 

= 15,020 Btu per hour. 


9,890 

7,950 

7,350 

27,850 

1,960 

15,020 


Total 


This would require a refrigerating capacity of 


70.020 

12.000 


70,020 Btu per hour 

5 S3 tons 


HUMIDITY CONTROL 

The temperature to be maintained in a car depends upon the outside 
temperature and the desired humidity inside the car. With a low hu- 
midity it is necessary to maintain a higher temperature to establish a 
desirable comfort condition Little humidity control has been attempted 
on cars up to the present time. A certain degree of automatic humidity 
control is secured with cooling, but the relative humidity obtained depends 
largely on the temperature of the evaporator, which should be below the 
dew point temperature of the air. With certain outside atmospheric 
conditions it may not be possible to operate the conventional equipment 
with a sufficiently low evaporator temperature to reduce the humidity 
without dropping the temperature too low. One method has been 
developed whereby the evaporator temperature is carried below the dew 
point a sufficient amount to insure dehumidification and then the cold air 
is heated to the proper temperature by passing it over coils through which 
part of the high temperature liquid from the condenser is by-passed. 

During the heating season humidification is desirable from^ a comfort 
standpoint, but the proper amount of humidification required would 
doubtless cause the windows to become frosted. A stearn or water spray 
controlled by a humidistat will provide the necessary moisture if humidi- 
fication is desired. 


TEMPERATURE CONTROL 

The control of the air conditioning equipment should be simple but at 
the same time as nearly automatic as possible. The use of a centralized 
control panel for all control switches, fuses, relay, etc., will simplify the 
installation and operation. Generally, separate thermostats are us^ for 
heating and cooling control. The best location for the thermostats 
depend upon the car layout and method of air distribution and can best 
be determined for any particular type of car and equipment by careful 
consideration of die several factors involved. The floor heat thermostats 
are usually located near tie floor. The overhead h^t and cooling ther- 
mostats are placed in the upper part of the car, sometimes in the air ducts. 
All thermostats should be located so that the air can^ circulate fr^y 
around them. Maintenance of uniform comfort conditions for cooling, 
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floor and overhead heating, has been satisfactory with provisions for high, 
medium, and low thermostat settings and in some cases, two settings have 
been satisfactory for cooling. In many cars the following points have 
been found to be satisfactoi^j 71 and 76 F for cooling, 60, 71 and 74 F 
for floor and overhead heating. 

The heating and refrigerating equipment should be interlocked so that 
they cannot both operate at the same time. While heating, the control 
should be so arranged that in case of a steam failure the blower fan will 
stop or the outside air intake closed to prevent cool air from being intro- 
duced into the conditioned space. 

ELECTRIC POWER SUPPLY 

One of the most important problems to be solved in connection with 
railway car air conditioning is that of power supply. The majority of 
cars now in service are electric lighted and equipped with fans. Power is 
furnished by storage batteries and axle generators of from 2 to 6 kw 
capacity. When air conditioning is instiled the electrical load is in- 
creased approximately 1 kw for ice systems, 3-5 kw for steam systems and 
10 kw for electro-mechanical compressor systems. Steam ejector systems 
require approximately 230 lb of steam per car per hour for a six ton unit. 
All of this power as well as the power required to move the extra weight 
must be supplied by the locomotive enroute and if a number of cars in 
the train are air conditioned, the effect on train performance should not 
be overlooked 

In the case of mechanical compressor systems the power is taken from 
the locomotive draw-bar, unless the compressor is driven by an internal 
combustion engine, while with the steam system most of the power is 
furnished in the form of steam which is a load on the locomotive boiler but 
not on the cylinders. The ice system takes the smallest amount of power 
from the locomotive since no power is required to produce refrigeration 
The demand for power for cooling comes, however, at the time of year 
when steam for heating is not required and the demand for lighting is at a 
minimum. 

Inasmuch as axle generators and mechanical driven compressors will 
not operate below a certain cut in speed and will not carry full load until 
a sp^ considerably higher than cut in speed is reached, it is quite 
apparent that the characteristics of the run such as schedule speed, top 
speed, number of stops, length of stops, percen^e of time of operation 
at slow speed, length of run, etc., must be considered in the selection of 
equipment. Fig. 1 shows the tractive resistance of a 75 ton car with six 
wheel trucks without an axle generator, and with a 4 kw generator and for 
the same car with an increase in weight of five tons and with a 20 kw 
axle generator load. 

The direct-drive compressor system has only the friction of the drive 
during starting and at low speeds. After the compressor cuts in, the load 
increases with the speed. The compressor output increases with the speed 
until maximum output is reached and then the drive efficiency decreases 
as the speed continues to increase so that the power input to the drive 
continues to increase and the greater power requirements come at the 
higher speeds. 

m 
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Consideration must also be given to the power requirements for 
refrigeration while the car is at a standstill or running at slow speeds. 
The electrical energy required for the ice activated and steam systems is 
easily supplied from the storage battery. With the ice system a supply 
of ice is necessary and steam for the steam system can be supplied from 
the locomotive or from a stationary plant. The majority of the electro- 
mechanical systems are equipped with A.C , D.C. motors. While 
standing in the yards and stations the A.C. motor is connected to a 
220 volt, 3 phase circuit. The majority of these equipments are so 
arranged that while operating on A C. power the D.C. motor may be used 
as a generator for battery charging. If an auxiliary circuit is not available 
the D.C. compressor motor may be operated from the storage battery. 



Fig. 1. Tractive Resistance of 75 Ton Passenger 
Car with Six Wheel Trucks 


The direct drive mechanical compressor systems are also equipped with 
A.C. motors for operation from auxiliary circuits. These equipments 
can only be operat^ when connected to the auxiliary circuit or while the 
train is running above the cut in speed of the drive. 

COMPARATIVE SYSTEM COSTS 

It is rather difficult to calculate the costs of car air conditioning due to 
the many variables involved. A study of reports ^vering a large number 
of cars of all kinds, operating under various conditions in all parts of the 
country, indicate a great variation in costs and weights for all systems. 
The following tabulation shows the average values for all cars considered. 



Id 

SdAlC 


Dibsoz 

Dbivi 

Av- onsrf! - 

$4000.00 
85001b 
$200 
4500 lb 
2761b 

$8200.00 
11300 lb 
$2 20 

$8200.00 

96001b 

$3.85 

$8200.00 
86001b 
$3 22 

Av* n - 

Av. maintenance per 1000 car-miles — 

Av. ice capacity 

Av. ice consumption per hour. 
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Based on an average cost of coal, water and locomotive lubrication of 
$0.001133 per pound of fuel burned and the following assumptions: 
generator and drive efficiency 80 per cent, locomotive mechanical ef- 
ficiency (cylinders to tender draw-bar) 90 per cent, 3.5 lb coal per cylinder 
horsepower and 6 lb of water per pound of coal, the cost of generating 
1 kw of electrical energy would be $0.00738, and 100 lb of steam $0.01888, 
This is based on the assumption that the cost of coal, water and loco- 
motive lubrication would increase in direct proportion to the amount of 
coal burned. As the cost of locomotive lubrication would not increase in 
direct proportion to the amount of coal burned, the extra cost of lubn- 
cation included in the figure should offset the increase in cost of loco- 
motive maintenance due to the additional load. Using an average capac- 



ity of 3.3 tons, the cost per hour of operation would be approximately 
$0.04 for steam and mechanical compressor systems and $0.55 for ice, 
using a price of $4.00 per ton for ice. 

These figures are based on the assumption that the motor driven com- 
pressor is receiving power direct from the generator and that the efficiency 
of the direct drive is the same as the combined efficiency of the axle 
generator, drive, and motor. Of course part of the current for the 
electric drive would be taken from the battery and therefore the battery 
eflSdency would have to be taken into consideration. Likewise the lower 
efficiency should be considered of the direct drive at the higher speeds and 
it would be necessary to know the characteristics of the run under con- 
sideration to make an exact comparison. 

For a given run the total kilowatt hours required for the electro- 
mechanical system would 

_ £g X Jg X Tg Eb X Jb X Tb 
1000 £Jb X 1000 


Eg = voltage with generator cut in. 
£b ** voltage with generator cut out. 
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/g = current with generator cut in 
Jb = current with generator cut out 
Tg = time generator cut in 
Tb = time generator cut out 
eb = battery effiaency 


Cylinder horsepower hour 
where 


kilowatt hours X 1000 
eg XedXeiX 746 


eg = generator effiaency 

ed = drive efficiency. 

ei = locomotive mechanical effiaency 


With these formulae and the coal and water rates of the locomotive the 
total amount of fuel and water required to supply the power enroute can 
be calculated. 

Fig. 2 shows the relation between the cost per thousand car miles and 
total miles run per year for the ice and electro-mechanical systems. 
These curves are based on the cost figures previously given and the follow- 
ing formula: 

Cost per thousand car miles = ^ -H C 

UM X -U 40 

where 

A = Annual fixed charges (dollars) calculated as follows: 


a. Depreciation 

12.5 per cent 

h. Interest 

6.0 per cent 

c. Taxes and insurance 

1.5 per cent 

Total 

20 0 per cent 

CM = thousand car-miles per day. 


D = ds-ys in service per year 

M = maintenance cost per thousand car miles 

C =* operatmg cost per hour. 

45 = average miles per hour. 



No charges for precooling are included. The curves for the steam and 
direct drive mechanical compressor systems would be between those 
shown for the ice and electro-mechanical compressor systems. 


PROBLEMS IN PRACTICE 

1 • What item is the greatest among the cooling loads figured in the design of 
a summer air conditioning system for a passenger car? 

The heat from passengers 

2 0 To what extent does bright sunshine increase the cooling requirements of 
a iMissenger car? 

About one ton of refrigeration. 

3 • What is the total refrigerating capacity generally required in a passenger 
car? 

5 6 to 7 tons per car. 
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4 • What is the effect of train speed upon the cooling requirements of a car? 
Requirements are slightly increased because of increased heat transmission 

5 • What is the capacity of the air conditioning unit in the average car? 

2000 to 2500 cfm 

6 • When is it economical to take all air for car cooling from outdoors? 

When the outdoor wet-bulb temperature is lower than that in the car 

7 • What various arrangements are used for distributing cooled air into cars? 
Bulkhead delivery at center or ends of car, center duct, and side duct on one or both sides. 

8 • What types of cooling systems are used? 

Ice, steam jet, and mechanical compressor systems 

9 # What cooling medium is used for condensing the refrigerant in a railroad 
air conditioning system? 

Outdoor air 

10 • How may adeqpuate cooling of condensers be provided in hot desert regions? 
By evaporative cooling with water sprays. 

11 • How is the temperature controlled in railroad cooling systems? 

By intermittent operation of the compressor or the steam jet or the ice- water arculating 
pump. 

12 • How much steam*is required for car heating on the coldest days? 
Pullmans 250 lb per hour, coaches 150 to 175 lb per hour, baggage cars 150 lb per hour 

13 # At present costs which is likely to be the greater, fibced charges or operating 
costs? 

The fixed charges for steam and mechanical compression systems, and operating costs 
for ice systems 

14 • What would be the annual operating cost for a car cooling system, using 
ice, if the car travels 150,000 car miles? 

$2,850 
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Cliapter 23 


GRAVITY WARM AIR FURNACE SYSTEMS 


Design Procedure^ Estimating Heating Requirements, Leader 
Pipe Sizes, Proportioning Wall Stacks, Register Selections, 
Recirculating Ducts and Grilles, Furnace Return Connection, 
Furnace Capacity, Examples, Booster Fans 


W ARM air heating systems of the gravity t 5 ^e are described in this 
chapter^, and those of the mechanical type are described in Chapter 
24. In the gravity type, the motive head producing flow depends upon 
the^ difference in weight between the heated air leaving the top of the 
casing cmd the cooled air entering the bottom of the casing, while in the 
mechanical type a fan may supply all or part of the motive head. Booster 
fans are often used in conjunction with gravity-designed systems to 
increase air circulation. 

In general, a warm-air furnace hating plant consists of a fuel-burning 
furnace or heater, enclosed in a casing of sheet metal or brick, which is 
placed in the basement of the building. The heated air, taken from the 
top or sides near the top of the furnace casing, is distributed to the 
various rooms of the building through sheet metal warm-air pipes. The 
warm-air pipes in the basement are known as leaders, and the vertical 
warm-air pipes which are run in the inside partitions of the building are 
called stacks. The heated air is finally discharged into the rooms through 
registers which are set in register boxes plac^ either in the floor or in 
the side wall, usually at or near the baseboard. 

The air supply to the furnace may be taken (1) entirely from inside 
the building through one or more recirculating ducts, (2) entirely from 
outside the^building, in which case no air is recirculated, or (3) through a 
combination of the inside and the outside air supply systems. 

DESIGN PROCEDURE 

The design of a furnace heating system involves the determination 
of the following items; 

1. Heat loss in Btu from each room in the building. 

2. Area and diameter m inches of warm-air pipes m basement (known as leaders). 

3. Area and dimensions m inches of vertical pipes (known as wall stacks). 

4. Free and gross area and. dimensions in mches of warm-air registers 

5. Area and dimensions of recirculating or outside air ducts, in inches. 

6. Free and gross area and dimensions in inches of recirculating registers. 


^AU figures and much of the engmeenng data which follow are from University of nimola En^neenng 
ExpenmetU Statum Bfdlettns Nos 141, 188, 189 and 246, Warm Air FumacM and Heating Systems, by 
A. C. Willard, A P. Kratz, V S Day. and S. Konzo. 
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7. Size of furnace necessary to supply the warm air required to overcome the heat 
loss from the building. This size should include square inches of leader pipe area which 
the furnace must supply It is also desirable to call for a minimum bottom fire-pot 
diameter m mches, whum is the nominal grate diameter. 

8 Area and dimensions in inches of chimney and smoke pipe. If an unlined chimney 
is to be used, that fact should be made clear. 

The heat loss calculations should be made in accordance with the 
procedure outlined in Chapter 7, taking into consideration the trans- 
mission losses as well as the infiltration losses. 


LEADER PIPE SIZES 

In a gravity circulating warm-air furnace system the size of the leader 
to a given room depends upon the temperature of the warm air entenng 
the room at the register. A reasonable air temperature at the registers 
must, therefore, be chosen before the system can be designed. The 
National Warm Air Heating and Air Conditioning Association has ap- 
proved an air temperature of 175 F at the registers as satisfactory for 
design purposes. At this temperature, the heat-carrying capacity (heat 
available above 70 F) per square inch of leader pipe per hour for first, 
second or third floors is shown by Fig. 1 at 176 F to be 105, 170 and 208 
Btu, respectively. For average calculations, the values 111, 166 and 200 
will simplify the work and may be satisfactorily substituted for these 
heat-cariying capacities. If H represents the total heat to be supplied any 
room, the resulting equations are: 

JE[ 

Leader areas for first floor, square inches = jjj = approximately 0.009JI (1) 




Leader areas for second floor, square inches = = approximately O.OOeH’ 


Leader areas for third floor, square inches = approximately O.OOfiZT 


( 2 ) 

(3) 


In designing for a lower warm-air register temperature, say 160 F, the 
factors 111, 166 and 200 become 80, 140 and 166 (Fig. 1 at 160 F), and 
the resulting equations are: 

JJ - 

Leader areas for first floor, square inches =» ^ = approximately 0 012JI (4) 

H 

Leader areas for second floor, square inches * = approximately 0 007Jy (5) 

H 

Leader areas for third floor, square mches = jgg = approximately 0.006H (6) 

These equations are applicable to straight leaders from 6 to 8 ft in 
length. Longer leaders must be thoroughly covered or the vertical stacks 
inust be increased in area as discussed under wall stacks. If some pro- 
vision is not made for these longer leaders, the air temperature may be 
much lower than anticipated and the room will not be properly heated. 

The values shown in Fig. 1 apply only to the case where the straight, 
leader pipe is 8 ft in length and is connected to stacks whose cross- 
sectional area is approximately 76 per cent of that of the leader pipe. 
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Any deviation from these conditions requires a modification of the con- 
stants used in Equations 1, 2, and 3. The temperature drop in leaders of 
various lengths at three different register temperatures is shown in Fig. 2, 
and should be used to obtain new register temperatures, lower than 175 F, 
on which to base selections from the curves of Fig.'l, and thereby new 
constants for Equations 1, 2 and 3. 

Leader sizes should in general be not less than those obtained by 
Equations 1 to 3 nor should leaders less than 8 in. in diameter be used. It 
is not considered good commercial practice to specify diameters except 



in whole inches. The tops of all leaders should be at the same elevation as 
they leave the furnace bonnet, and from this point there should be a 
uniform up-grade of 1 in. per foot of run in all cases. Leaders over 12 ft 
in length should be avoided if possible. In cases where such leaders are 
required, the use of a larger size pipe, than is required by the application 
of the equations, smoodi transition fittings, and duct insulation are 
recommended. 
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PROPORTIONING WALL STACKS 

The wall stack for an upper floor should be made not less than 70 per 
cent of the area of the leader. In cases where the leader is short and 
straight as was the case for Fig. 1, such a practice is probably justified, 
since the loss (Fig. 3) in capacity occasioned by the smaller stack is not 
serious for stacks having areas in excess of 70 per cent of the leader area. 
For leaders over 8 ft in length or for leaders which are not straight, the 
ratio of stack area to leader area should be greater than 70 per cent in 



Fig. 2. Influence of Leader Fife Length on 
Temperature Loss in Air Flowing 
THROUGH Pipe 


order to offset the greater temperature losses (Fig. 2) in the longer leader. 
In gravity circulating systems, this ratio of stack to leader area is a very 
important matter. 

The curves in Figs. 4 and 5 indicate that for rooms having a heat 
requirement exceeding approximately 9000 Btu per hr, exceedingly high 
register temperatures are required for stacks whose width is less than 
3^ in. For such requirements either multiple stacks, or stacks having 
larger cross-sectional area (placed in 6 in. studding spaces) will be 
required. 
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REGISTER SELECTIONS 

The registers used for discharging warm air into the rooms should have 
a free or net area not less than the area of the leader in the same run of 
piping. ^ The free area should be at least 70 per cent of the gross area of 
the register. No upper-floor register should be wider horizontally than 
Ae wall stack, and it should be placed either in the baseboard or side wall, 
if this can be done without the use of offsets. First-floor registers may be 
of the baseboard or floor type, with the former location preferred. High 



Fig. 3. Relative Heating Effect of Stacks at Constant Heat 
Input to Furnace 


Note. — ^E±tenor surface of all ducts is bright tin except at joints 
asbestos s^ng stnps are used 


sidewall locations for warm air registers in gravity circulating systems are 
not recommended on account of the tendency for stratification of the ak- 
in the room, resulting in high temperatures at the ceiling. 

RECIRCULATING DUCTS AND GRILLES 

The ducts through which air is returned to the furnace should be 
designed to minimize friction and turbulence. They should be of ample 
area, in excess of the total area of warm-air pipes, and at all points where 
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the air stream must change direction or shape, streamline fittings should 
be employed. Horizontal ducts should pitch at least 34 in, per foot 
upward from the furnace. 

The recirculating grilles (or registers) should have a free area at least 
equal to the ducts to which they connect, and their free area should 
never be less than 50 per cent of their gross area. 

The location and number of return grilles will depend on the size, details 
and exposure of the house. Small compactly built houses may frequently 
be adequately served by a single return effectively placed in a central hall. 
More often it is desirable to have two or more returns, provided, however, 
that in two-story residences one return is placed to effectively receive the 
cold air returning by way of the stairs. 



100 lio ik ik 1^ 150 160 170 iSo 190 200 210 ^ So 

EQUIVALENT REGISTER AIRTEMPGRATUREFi(T|tEQ-‘TMLCr+65 F) IN DEQ F 


Fig 4 . Heating Effect at Registers for Various Stacks with lO-m. Leader 


Where a divided system of two or more returns is used, the grilles 
must be placed to serve the maximum area of cold wall or windows. 
Thus in rooms having only small windows the grille should be brought 
as close to the furnace as possible, but if the room has a bay window, 
French doors, or other large sources of cooling or leakage of cold air, the 
grille should be placed dose by, so as to collect the cool dr and prevent 
drafts. When long ducts of this type are employed they must be made 
oversize. This precaution is particularly important when long ducts and 
short ducts are used in the same system. The long ducts must be over- 
size, if they are to operate satisfactorily in parallel with short ducts. 

Return ducts from upstairs rooms may be necessary in apartments 
or other spaces which are dosed off or badly exposed. Metal linings are 
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advisable in such ducts. It is important that these ducts be free from 
unnecessary friction and turbulence, and that they be located to prevent 
preheating of the air before it reaches the furnace. 

Furnace Return Cozmeciion 

Circulation of the air is accelerated if the return connection to the 
furnace is through a round inclined pipe connected to two 45 deg elbows 
rather than through a vertical pipe connected to two 90 deg elbows. 
The top of the return shoe should enter the casing below the level of the 
grate in Ae furnace. In order to accomplish this the shoe must be wide 
as is indicated in Fig. 6, No. 1 arrangement. 

Tests of six different systems^ of cold air returns, Fig. 6, made at the 
University of Illinois^, resulted in the following conclusions: 



Fig. 5. Heating Effect at Registers for Various Stacks with 8-in. Leader 

1. In general, somewhat better room temperature conditions may be obtained by 
returning the air from positions near the cold walls. 

2. Friction and turbulence in elaborate return duct systems retard the flow of air, 
and may seriously reduce furnace efliciency, and lessen the advantages of such a des^^n. 

3. The cross-sectional duct area is not the only measure of effectiveness. Fric^n 
and turbulence may operate to make die air flow out of all proportion to the various 
duct areas. 

FURNACE CAPACITY 

The size of furnace should, of course, be such as will provide the 
necessary air heating capacity, usually expressed in square inches of 
leader pipe area, and at the same time provide a grate of the proper area 
to bum the necessary fuel at a reasonable chimney draft. The totel leader 
pipe area required is obtained \>y finding the sum of the leader pipe areas 
as already designated. 

^Investiration of Warm-Air Furnaces and Heating Systems, Part IV. by A. C Willard, A. P. Kratz, and 
V S Day (Umvemty of lUmois Bngtneenng Expenment StaUon BuUeitn No 189). 
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The grate area will depend on several factors of which four are very 
important. First of all, the air temperature at the register for which 
the plant has been designed must be determined. Usually, this tempera- 
ture is taken at 175 F. Second in importance is the combustion rate, 
which musl always correspond with the register air temperature, as is shown 
by a set of typical furnace performance curves (Fig. 7) for a cast-iron, 
circular radiator furnace with a 23 in. diameter grate and 60 in. diameter 
casing. The tiiird factor is efficiency, which is a function of the com- 
bustion rate, and varies with it as shown by the efficiency curve of Fig. 7. 
The fourth factor is the heat value per pound of fuel burned, which was 
12,790 Btu. This is not shown on the curves since it was constant for all 
combustion rates. 




No 4 No 5 No 6 

Fig. 6. Arrangement of Cold Air Returns for Six Installations 


It may be noted from Fig. 7 that for this particular furnace a register 
temperature of 175 F was accompanied by a combustion rate of approxi- 
mately 7.5 lb per sq ft per hr, a capacity at the bonnet of 162,000 Btu 
per hr and a furnace efficiency of 58 per cent. Under these conditions 
the capacity at the bonnet per square foot of grate was equivalent to a 
value of 52,800 Btu per hr and per square inch of grate was equivalent 
to 367 Btu per hr. If it is desired to use these curves to select a furnace to 
deliver air at 175 F register temperature in a house where the total heat 
loss is H Btu per hour and the loss between the furnace and the registers 
is 0.25 H Btu per hour, the area of the grate in square inches will be 

0.0034^. 

If, on Ae other hand, it is desired to select a furnace to deliver air at 
160 F register temperature, the combustion rate is 5.5 lb and the efficiency 
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of the furnace is 62 per cent. Under this condition the capacity at the 
furnace bonnet per square foot of grate is 43,200 Btu per hr and per 
square inch of grate is 300 Btu per hr, the required area of the grate in 

square inches in this case will be = 0.0042 H. It should be 

oUU 

noted that a larger grate area is required if the furnace is to deliver air 
at a lower register temperature. 

The typical performance curves shown in Fig. 7 are not applicable to 



Fig. 7. Typical Performance Curves for a Warm Air Furnace and Installation 
IN A Three Story Ten Leader Plant, Operating on Recirculated Air 


all furnaces and hence for ordinary design purposes the vaJu^ recom- 
mended in the Standard Code* should be used. The equation for a 
furnace having a ratio of heating surface to grate area of 20 to 1 is equal to : 

g X ^ X / X JSi X ^2 X 0 866 
144 


•Standard Code Regulating the Installation of Gravity Warm Air Heatang Systems in ReaidencM. 
This code been sponsored by the National Warm Avr Heating and Atr CoMtitontng Assoct aUo nt the 
National Association of Sheet Metal Contractors, pd the A^can Socmry of Hjating^ 

]^GINEBRS It is recommended that the instatllation <rf all gravity wm in air heaUng ss^tems m r^dences 
be governed by the provisions of this code, the eighth edition of vrl^h ^y be obt^ed from the National 
Warm Atr Heating and Air Conditioning Association, 50 W Broad St„ Columbus, Ohio 
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Fig. 8. Basement Plan, Research Residence 



Fig. 9. First-Floor Plan, Research Residence 
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G = grate area, square inch 

p — combustion rate, pound coal per square foot of grate per hour 
/ = heating value of the coal, Btu per pound. 

El = effiaency at bonnet, ratio of heat delivered at bonnet to heat developed in 
furnace 

E 2 = efficiency of duct transmission, ratio of heat delivered at register to heat 
delivered at bonnet 

0.866 = factor of safety to allow for contingencies under ser\dce conditions such as 
accumulations of soot and ashes, ineffective finng methods, etc 
H = total heat loss from structure 

An addition of 2 per cent of the furnace capacity is proposed for each 
unit that that ratio of heating surface to grate area exceeds 20. This 
addition is based on tests^ conducted at the University of Illinois on 
seven types of furnaces having varying ratios of heating surface to grate 
area. This correction does not, however, apply to values of the ratio less 
than 16 nor greater than 30. 

By transposing the terms in Equation 7 and adding the correction term 
for ratios of heating surface to grate area other than 20 to 1, the following 
equation is obtained : 

r 144 XH 

^X/XEiXEa X 0 866 [1 4- 0 02 (E-20)] ^ 

in which R = ratio of heating surface to grate area. 

In the case of the Standard Cod^ the numerical values used in Equa- 
tion 8 were based on those determined from the tests conducted on the 
different types of furnaces. 

^ 144 X E 

^ " 75 X 12,790 X 055 X 075 X 0866 [1 + 0.02 (E-20)] ^ 


G = 0 004205 


[1 + 0.02 (E-20)I 


As used in these calculations, H = Btu heat loss from the entire house 
per hour = summation of all room losses jEfi + + etc. +_the Btu 

necessary to heat the fresh air, if any, at intake. This fr^h air loss in 
Btu per hour will be approximately 1.27 times the cubic feet of air 
admitted through the intake per hour on a zero day. For systems which 
recirculate all the air this value will be zero. For systems which have a 
fresh air intake, controlled by damper, this value might well be approxi- 
mated, since this loss will probably be reduced to a minimum on a zero 
day. Assume for such cases that the building loss is increased by 25 per 
cent, and Aat there is the usual 25 per cent loss between furnace and 
registers. 

TYnCAL DESIGN 

The application of the preceding data to an actual example may be of 
assistance to the designer. Figs. 8, 9, 10 and 11 represent the plans of 


^UmveiBity of lUinois En&neenng Experiment Station BuHetin No, 246, by A C Willard, A P Xratz, 
and S Xonzo, Chapter X, pp 126-146 
“Loc Cit Note 3. 
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Fig. 11 . Third-Floor Plan, Research Residence 
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the Warm Air Research Residence of the National Warm Air Heating 
and Air Condntiomng AssociaHon erected at the University of Illinois®. 

Leaders, Stacks and Registers, (Direct Method) 

Living Room, 1st floor: 

17,250 T- 111 *= 165 sq in leader area. See summary, Table 1 , also example under 
Standard Code^, Art. 3, Basis of Working Rules for Pipes. 

Leader diameter = 14 in. 

Register size = 155 sq in. net area. Gross area = net area — 0.7 = 14 m X 16 in. 
Owner's Room, Bnd floor: 

15,030 4* 167 * 90 sq in. leader area. See summary Table 1; also example under 
Standard Code^, Art. 3, Basis of Working Rules for Pipes. 

Leader diameter « 11.4, say 12 in 

Stack area « 0.7 X 90 = 63 sq m. = say 5 in. X 12 in. 

Register area « 90 sq in. net area. Gross area = net area -s- 0.7 = 12 X 12 

or 12 m. X 14 in. 

In like manner the leaders, stacks and registers are calculated for each 
room in the house. 

Leaders, Stacks and Registers, (Code ^ Method, See Art, 3, Sec, 1, 2, 3) 

Living Room (Glass = 90, Net wall *= 405, Cubic contents =* 2405) 

Register, same as Direct Method. 

Owner' sitoom (Glass = 68, Net wall = 394, Cubic contents - 2276) 

r j / 68 . 394 , 2276 \ . qa ^ 

Leader = 

Stack and Register, same as Direct Method. 

Assuming all air redrculated, the minimum furnace for the plant 
will be: 

Grate area = 0 0042 X 132,370 = 666 sq in. 

Use 27 in. diameter grate. (Equation 10). 

If provision should be made for certain outside air circulation, then 
increase the building heat loss by, say 25 per cent and obtain by Equation 
10 a 30 in. grate. 

Ehcperiments at the University of Illinois® have shown liat the capacity 
of a furnace may be increased nearly three times by an adequate f^, 
with a constant register or delivery temperature maintained, provided 
that the rate of fuel consumption can be increased to provide the necessary 
heat. In other words, the capacity of a forced circulation system is 
by the ability of the chimney to produce a sufficient draft, and the ability 
of the fan to ddiver an adequate amount of air. 


•Plans used with permission Bathroom on third floor not heated, 
rijoc Qt Note 3. 

•Umversity of Illinois Eng Exp Sta. Bidletin No 120, p 129. 
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Table 1 Summary of Data Applied to Warm Air Research Residence 


Rooms 

From 
Chapter 7 
Esti^ting 
Heat Losses 
Btu 

Heat Losses 
H 

Leader 

Area 

Sq In 

stack Area 
Sq In 
07XLA 

Leader 

Diameter 

Inches 

Stack 

Size 

Net 

Register 

Size 

Gross 

First Floor 


= 0 009JJ 





T-IVingr 

17260 

165 


14 


14 X 16 

Dininpr 

6810 

61 


9 


8 X 12 

Breakfast 

2300 

21 


8 


8 X 10 

Kitchen ... 

9210 

83 


11 or 12 


12 X 14 

Sun...... 

26710 

230 


Two 12 


Two 12 X 14 

Hall and stair 

12670 

113 


12 


12 X 14 

Second Floor 


= 0.006H 





Owner's 

16030 

90 

63 

11 or 12 

6X12 

12 X 14 

S. W. Bed.--. 

9800 

69 

41 i 

9 

3HX12 

8X12 

Bath 

2460 

15 

10 

8 


8X10 

N. Bed 

14800 

89 

62 

11 or 12 

5 X 12 

12 X 14 

Third Floor 


= 0.006F 





E Bed. 

8220 

41 

29 

8 



W. Bed 

8220 

41 

29 

8 


8 X 10 


BOOSTER FANS 

Booster fans often may be arranged to operate when gas or oil burners 
are running and to stop automatically .when the burners shut down. The 
booster equipment is most effective in increasing output at low operating 
temperatures. According to tests, efficiencies may be advanced from 60 
per cent for gravity to 70 per cent with boosters at low operating tem- 
peratures, but at high operating temperatures gravity and booster 
efficiencies are almost identical®. 


•University of lUinois Eng Exp Sta. BuUettn No 141, p 79, and No. 246 


PROBLEMS IN PRACTICE 

1 • What may prohibit the use of a gravity warm air system in a large house 
having several eacposed wings? 

In a gravity warm air system, excessive vertical distances above the furnace cause little 
trouble in the design of the wall stacks, but excessive horizontal distances from the 
furnace should be carefully considered m the design of the leaders. To work effectively, 
a gravity warm air system should be balanced and leaders over 12 ft m length should be 
avoided if possible. Long leaders, if used, must be of ample size, well pitched, and well 
insulated. L^e houses having exposed wings may require leaders much longer than 
12 ft, mfiltration may create severe back-drafts in the exposed wings, and the basement 
ceiling height may not be sufficient to allow the leaders to have a pitch of more than one 
mch p^ foot. These conditions may make the exposed wings very difficult to heat with 
a gravity system because of its low air bead differentials. 

2 • A first story dizimg room has a calculated heat loss of 12,000 Btu per hour. 

a. What size leader pipe should be used for 175 F register air temperature? 

b. What size register? 


424 












Chapter 23 — Gravity Warm Air Furnace Systems 


a Leader area = ■ = 108 1 sq in Use leader with diameter of 12 in 

108 

h Register gross area = ^ = 154 sq in Use 12 m. by 14 m register. 


3 # A third-story bedroom has a calculated heat loss of 12,000 Btu per hour. 

a. What size leader pipe should be used for a 175 F register air temperature? 

b. What size stack? 

c. What size register? 


a. Leader area 


12,000 

200 


h. Stack area = 0.7 X 60 


60 sq in. Use leader with diameter of 9 in 
‘ 42 sq in Use stack in by 12 in 


c. Register gross area = gy = 85.7 sq in. Use raster 8 in. by 12 in. 


4 • The c^culated heat loss of a house is 130,000 Btu per hour. Fund the grate 
area reqpiired for the furnace under the following conditions: 

Bleating value of coal «= 12,790 Btu per lb. 

Furnace efficiency = 55 per cent. 

Combustion rate ^ 7.5 lb per sq ft per hr. 

Ratio of heating surface to grate area of furnace » 20 to 1. 

Register temperature = 175 F. 

Loss between furnace and registers = 25 per cent. 

See Equations 9 and 10: 

Grate area = 0.004205 X 130,000 = 547 sq in. 

Grate diameter = 26.3 in. 

Use grate with diameter of 26 in. 


5 • If in Question 4 the conditions were the same except that the ratio of 
heating surface to grate area of furnace was 24 to 1, what size grate would be 
required for the funiace? 


Grate area = 


0.004205 X 130,000 
1 + 0.02 (24-20) 


Grate diameter = 25 4 in 


Select grate with diameter of 25 in 


6 • Name the items involved in the design of a furnace heating system, 
o. Heat loss from each room, Btu. 

h. Area and dimensions of warm-air pipes in basement, inches. 

c. Area and dimensions of vertical pipes, inches. 

d. Free and gross area and dimensions of warm-air registers, inches, 
s. Area and dimensions of redrculating or outside air ducts, mches. 

/. Free and gross area and dimensions of recirculating rasters, inches, 
g. Size of furnace necessary to supply the warm air to overcome the heat loss. 

A Area and dimension of chimney and smoke pipe, mches. 


7 • Discuss the design features of recirculating ducts. 
a. Their area should be equal to or greater than that of the supply ducts. 
h. They should be streamlined, and have a minimum number of turns. 
c. All runs should be as short as possible. 

d Account should be taken of all cold walls and window areas in determining sizes and 
positions of return air inlets. 
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e. The return line should be pitched downward toward the furnace It should be 
designed to minimize friction 

/. The top of the shoe or boot should never be above the grate level 

8 # Discuss the use of a booster fan. What effect has a booster fan at low 
operating temperatures? At high ones? 

A booster fan is useful in accelerating the air flow past the surface of a low temperature 
furnace, where only a small weight (Sfferential in the air is created, and m unbalancing 
a gravity system so flow is established The first use involves the entire plant, and 
increases efficiency about 10 per cent with low temperature operation; the second 
involves only the leaders in which air flovr is accelerated. At high operatmg tempera- 
tures the difference in vreight between warm outgoing air and cool incoming air is great 
enough to make a booster unnecessary with ordinary gravity systems 

9 # Is it desirable to use high side wall locations for warm air registers in gravity 
circulating systems? 

High side wall locations are not recommended on account of the tendency for stratifica- 
tion of the air in the room resulting in high temperatures at the ceiling. 


426 




Chapter 24 


MECHANICAL WARM AIR FURNACE 
SYSTEMS 

FumaceSy Fans and Motors, Sound Control, Air Washers and Filters, 

Air Distribution Design, Automatic Controls, Design of Heating 
System, Selecting^ the Furnace, Selecting the Fan, Heavy Duty Fan 
Furnaces, Humidification, Cooling Methods, Cooling System Design 

M echanical warm air or fan furnace heating systems^, which are a 
special type of central fan systems, are particularly adapted to 
residences, sm^l office buildings, stores, banks, schools, and churches. 
Circulation of mr is effected by motor-driven fans instead of by the 
difference in weight between the heated air leaving the top of the casing 
and the cooled air entering its bottom, as in gravity systems described in 
Chapter 23. The advantages of mechanical systems, as compared with 
gravity systems are : 

1. The furnace can be installed in a comer of the basement, leaving more basement 
room available for other purposes. 

^ 2. Basement distnbution piping can be made smaller and can be so installed as to 
mve full head room in all parts of the average basement, or be completely concealed 
from view except in the furnace room. 

3 Circulation of air is positive, and in a properly designed sy^em can be balanced in 
such a way as to give a greater uniformity of temperature dismbution. 

4. Humidity control is more readily attained. 

5. The air may be cleaned by air washers or filters, or both. 

6. The fan and duct equipment may be utilized for a complete cooling and dehumidi- 
fying 83 rstem for summer, usin^ ^ther ice, mechanical refrigeration, or low temperature 
water for cooling and dehumiduying, or adsorbers for dehumidifying. 

7. The use of the fan increases the volume of air which can be handled, thereby 
increasing the rate of heat extraction from a given amount of heating surface and 
insuring sufficient air volume to obtain proper distribution in a large room. 

Much of the equipment used in central fan systems is the subject matter 
of other chapters. It is the purpose of this chapter to discuss the co- 
ordinated design and to deal in detail only with problems not covered 
dsewhere whidi refer particularly to the whole problem of fan warm air 
furnace heating and air conditioning. 

^See University of Illinois Engtneertng Expenment Station Bulletin No. 266 by A P. Elratz and S. Konzo 
for details of testa conducted in Warm Research. Residence. 
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FUBNACES 

Furnaces for mechanical warm air sj'stems may be made of cast-iron, 
steel, or alloy. Cast-iron furnaces are usually made in sections and must 
be assembled and cemented or bolted together on the job. Steel furnaces 
are made with "welded or riveted seams. The proper design of the furnace 
depends largely on the kind of fuel to be burned. Accordingly, various 
manufacturers are making special units for coal, oil and gas. Each type 
of fuel requires a distinct tj^pe of furnace for highest efficiency and econ- 
omy, substantially as follows: 

1. Coal Burning: 

а. Bituminous — ^Large combustion space with easily accessible secondary radiator 
or flue travel 

б. Anthracite or coke — ^Large fire box capacity and liberal secondary heating 
surfaces. 

2. Oil Bummg: 

a. Liberal combustion space. 

b. Long fire travel and extensive heating surface. 

3 Gas Burning: 

a. Extensive heating surface. 

b. Close contact betw^een flame and heating surface. 

A combustion rate of from 6 to 8 lb of coal per square foot of grate per 
hour is recommended for residential heaters. A higher combustion rate is 
permissible with larger furnaces for buildings other than residences, 
depending upon the ratio of grate surface to heating surface, firing period, 
and available draft. 

Where oil fuel is used, Ccure must be exercised in selecting the proper size 
and type of burner for the particular size and type of furnace used. It is 
recommended that the system be designed for blow-through installations, 
so that the furnace shall be under external pressure in order to minimize 
the possibility of leakage of the products of combustion into the air 
dreuiating system. 

In residential furnaces for coal burning, the ratio of heating surface to 
grate area will average about 20 to 1; in commerdal sizes it may run as 
high as 50 to 1, depending on fuel and draft. Furnaces may be installed 
singly, each furnace with its own fan, or in batteries of any number of 
furnaces, using one or more fans. 

Furnace Casings 

Casings are usually constructed of galvanized iron, 26-gage or heavier, 
but they may also be constructed of brick. Galvanized iron casings should 
be lined with black iron liners, extending from the grate level to tie top of 
the furnace and spaced from 1 in. to 1 in. from the outer casing. Casings 
for commerdal or heavy duty furnaces, if built of galvEinized iron, should 
be insulated with fireproof insulating material at least 2 in. thick. It is 
generally believed that either brick or sheet metal casing should be 
equipped with baffles to secure impingement of the air to be heated 
against the heating surfaces. Brick furnace casings should be supplied 
with access doors for inspection. 

For furnace casings sized for gravity flow of air, where a fan is to be 
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used, many manufacturers recommend the use of special baffles to restrict 
the free area within the casing and to force impingement of the air against 
the heating surfaces. The method of making these baffles for furnaces 
with top horse-shoe radiators and for furnaces with back crescent radia- 
tors is illustrated in Fig. 1. 

Either square or round casings may be used. Where square casings are 



Fig. 1. Usual Method of Baffling Round Casings for Fan Furnace Wore 

A. Liner, 1 m from casing E Hole to vent baffle. 

C Baffle dosed top and bottom D. Outer caamg 



A Baffle, dosed top and bottom B Liner, 1 in from 
casing. C Outer casing D Hole to vent baffle 


used, the corners must be baffled to reduce the net free area and to force 
impingement of air against the heating surfaces. Fig. 2 shows the usual 
method of baffling square furnace casings for fan-furnace work. 

The hood or bonnet of the casing above the furnace should be as high 
as basement conditions will allow, to form a plenum chamber over the top 
of the furnace. This tends to equalize the pressure and temperature of the 
air leaving the bonnet through the various openings. It is generally con- 
sidered advisable to take off 9ie warm air pipes from the side of the bonnet 
near the top, as this method of take-off allows the use of a higher bonnet 
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and thus provides a larger plenum chamber. Fig. 3 illustrates a complete 
residence fan furnace installation showing location of fan, furnace, filters, 
plenum chamber and method of take-off of warm air pipe. 

FANS AND MOTORS 

Centrifugal t3^e fans are most commonly used, and these may be 
quipped with either backward or forward curved blades. Low tip speed 
is desirable for the elimination of air noise, especially where forward 
cur\’'ed blades are used. Motors may be mounted on the fan shaft or 
outside of the fan with belt connection. Multi-speed motors or pulleys 
are desirable to provide a factor of safety and to allow for increased air 
circulation. For additional information on fans and motors, see Chapters 
17 and 42. 


SOUND CONTROL 

Special attention should be given to the problem of noise elimination. 
The fan housing should not be directly connected with metal, either to the 
furnace casing or to the return air piping. It is common practice to use 
canvas strips in making these connections. Motors and their mountings 
must be carefully selected for quiet operation. Electrical conduit and 
water piping must not be fastened to, nor make contact with fan housing. 
The installation of a fan directly under a cold air gnlle is not recommended 
on account of the noise objection. See also Chapter 18. 

AIR WASHERS AND FILTERS 

Washers for residence systems may be provided in separate housings 
to be installed on the inlet or outlet side of the fan, or they may be 
integral with the fan construction. They operate at water pressures of 
from 10 to 30 lb and use two or more spray nozzles for washing and 
humidification. The sprays should be adjusted to completely cover the 
air passages. 

Washers are usually controlled by solenoid valves wired in parallel with 
the fan motor. The water supply may, in turn, be controlled by a 
humidity-controlling device located in one of the living rooms, so that the 
washer will operate at all times when the fan is in operation, unless the 
relative humidity should rise beyond a desirable percentage. Washers 
used in connection with commercial or heavy duty plants should be a 
regulation type of commercial weisher. 

There are many satisfactoiy types of filters on the market. These 
include dry filters, viscous filters, oil filters and other types, some of which 
must be cleaned, some of which must be cleaned and recharged with oil, 
and some of which are inexpensive and may be discarded when they 
become dirty, and replaced with new ones. 

The resistance of a filter must be considered in the design of the system 
since the resistance rises rapidly as the filto becomes dirty, thus im- 
pairing the heating efficiency of the furnace, in fact, endangering the life 
of the furnace itself. Manufacturers’ ratings of filters must be carefully 
regarded, and ample filter area must be provided. Filters must be 
replaced or cleaned when dirty. See also Chapter 16. 
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AIR DISTRIBUnON 

The conditions of comfort obtained in a room are greatly influenced 
by the type of register used and the locations of the supply registers and 
return grilles. In general it has been found that changes in the type, air 
velocity, and location of the supply register affect the room conditions 
much more than the changes in the location of the return grilles. Due to 
the economic considerations involved, it is common practice to locate the 
supply openings on the inside walls of a residence and the return openings 
nearest the greatest outside exposure. Many designers prefer, however, 
to locate the supply registers so that the warm air from the registers 
blankets a cold wall, and mixes with the cold air dropping off from the 



exposed walls. This may be accomplished either by the use of a supply 
register located on the exposed wall with warm air blowing into the room, 
or by the use of a supply register placed close to an outside wall in such a 
position that the warm air sweeps the cold wall surface. The ducts 
leading to supply registers which are located on the exposed walls should 
be adequately insulated to reduce the heat loss from the ducts. 

Register and Grille Openings 

Supply registers located in the floor are effective, but as they require 
frequent attention to keep them clean they should be avoided where 
another effective register location can be found. Tests conducted in the 
Warm Air Research Residence® have indicated that excellent results are 
obtainable with the use of a deflecting-diffuser type of baseboard register 
which throws the air downward toward the floor and diffuses the air at the 
same time. Unless registers located in the baseboard are well proportioned 


>Loc Cit, Note 1. 
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and designed to harmonize with the trim, they may be unsightly. Better 
air distribution for cooling is obtained when high side wall registers^ are 
used, and this same location is satisfactory" for heating when the openings 
are installed at least 7 ft above the floor line, providing the air velocity 
through the registers are greater than 600 fpm. Registers which are 
locat^ in side walls above the baseboard or in the ceiling should be of an 
effective air-diffusing type. All registers should be equipped with 
dampers, and should be sealed against leakage around the borders or 
margins. 

Velocities through registers may be reduced by the use of registers 
larger than the connecting pipes. Some suggestions for equalizing veloci- 
ties over the face area of the register by means of diffusers are illustrated 
in Fig. 4. Merely to use a larger raster may not result in materially 
reduced velocities unless diffusers are used. 

Dampers 

Suitable dampers are essential to any trunk or individual duct system, 
as it is virtuaJly impossible to so lay out a system that it will be absolutely 
in balance without the use of dampers. Special care must be used in the 



Fig. 4. Diffusers in Transition Fittings to Equalize VELoaTiEs 
Through Register Faces 

design of any system to avoid turbulence and to minimize resistance. 
Sha^ dbows, angles, and offsets should be avoided. See Figs. 1 and 2, 
Chapter 20 

Three types of dampers are commonly used in trunk and individual 
duct s5rstems. Volume dampers are used to completely cut off or reduce 
the flow through pipes. (See A and 5, Fig. 5.) Splitter dampers are used 
where a branch is t^en off from a main trunk. (See C, Fig. 5.) Squeeze 
dampers are used for adjusting the volume of air flow and resistance 
through a given duct. (See D, Fig, 5.) It is essential that a damper be 
provided for each main or duct branch. A positive locking device should 
be used with each type of damper. 

Ducts 

The ducts may be either round or rectangular. Rectangular ducts 
should be as nearly square as possible; the width should not be greater 
than four times the breadth. The radii of dbows should be not less than 
one and one-half times the pipe diameter for round pipes, or the equiva- 
lent round pipe size in the case of rectangular ducts. 
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AUTOMATIC CONTROLS 

Air stratification, high bonnet temperatures, excessive flue gas tem- 
peratures, and heat overrun or lag in the s>’stem can be largely elimi- 
nated through proper care in the planning and installation of the control 
system.® The essential requirements of the control are: 

1. To keep the fire burning when using ^lid fuel regardless of the weather. 

2 To avoid excessive bonnet temperatures with resultant radiant heat losses into the 
basement. 

3 To avoid the overheating of certain rooms through gra'vity action during off 
periods of blower operation 

4. To have a suffiaent supply of heat available at all times to avoid lag when the 
room thermostat calls for heat 

5 To prevent cold air delivery when heat supply is insufficient. 

6. To avoid heat loss through the chimney by keeping stack temperatures low. 



Fig. 5. Three Types of Dampers Commonly Used for Trunk and Individual 

Duct Systems 


7. To provide quick response to the thermostat, with protection against overrun. 

8. To provide for humidity control. 

9. To provide a means of summer control of cooling. 

10. To protect agamst fire hazards. 

The following controls are desirable: 

1. A thermostat located at a point where maximum fluctuation in temperature can be 
expected, in order to secure frequent operation of fans, drafts, and burners. This location 
would be near an outside wall but not upon it, in a sun room, or in a room with some 
unusual exposure. The thermostat, of course, should not be located where it will be 
affected by direct radiant heat from the sun or from a fireplace, or by direct heat from 
any warm air duct or register. 

2 A fumacestat located in the bonnet to permit blower op^tion only between the 
temperatures of 100 F and 150 F. In certain extreme cases it may be necessary, or 
weather conditions may make it advisable, to adjust the high limit to a higher tempera- 
ture than'that mven. Another location sometimes used for the fumacestat is in the main 
duct near the &ame opening from the bonnet. 


‘Automatic Controls for Forced-Air Heating Systems, by S Konzo and Al. F. Hubbard (A.S.H.V E. 
TRAKSacnoNS, VoL 40, 1934) 
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3. A protective limit control located in the bonnet to shut down the system inde- 
pendently of the thermostat if the bonnet temperature exceeds 225 F. 

4 On oil and gas burner installations, a control is usually included which will shut 
down the system if the fire goes out or if there is a failure of the ignition system. 

5 A humidistat to r^ulate the moisture supplied to the rooms 

6. On automatic stoker installations, a control is usually included which will start 
Ae^ operation r^^dless of thermostat settings whenever the bonnet temperature 
indicates that the hre is dymg 

METHOD OF DESIGNING FORCED-AIR HEATING SYSTEMS 

1. Determine heat loss from each room m Btu per hour (See Chapter 7). 

2. Locate -warm air registers and return registers on plans of house, beginning with 
the upper story rooms 

3. Sketch in duct layout to connect all registers and grilles with the central unit 

4. Determine equivalent length of duct for each roister, alloiMng 10 diameters of 
straight pipe as equivalent to each 90 deg elbow having an inner radius not less than the 
diameter of the round pipe or the depth of the rectangular pipe 

5. Select a value for temperature of the air at the furnace bonnet It is customary 
to use some value lymg between 150 to 165 F Use lower value if larger number of air 
recirculations is desired. 

6. Determine approximate value of temperature reduction in each duct caused by 
heat loss from the ducts. A value of from 0 3 to 0 6 F per foot of duct has been obtained 
from tests conducted in the Research Residence installation for umnsulated duct lengths 
up to approximately 60 ft. 

7 Subtract thte temperature reduction from the assumed bonnet air temperature 
to obtain an approximate value of the raster air temperature for each register. 

8 Determine the required air volume for each room from the following equation, 
or from the values listed in Table 1 : 

^ “ 60 X 0 24X<i(ir-65) 

where 

Q = required air volume, cubic feet per minute. 

H = heat loss of room, Btu per hour. 

d = density of air at raster temperature, pounds per cubic foot. 

tr — raster temperature, d^ees Fahrenheit 

0.24 = specific heat of air. 

65 — return air temperature. 

For any given raster temperature the solution of this equation simphfies to the 
following form: 

Q = H X Factor (2) 

in which the values of the Factor may be obtained from Table 1. 

9. Determine r^^ste^ size from the air volunoie delivered to each room by the 
following formula: 

Free area of raster, square feet = -p- (3) 

Gross area of raster, square feet = ^ (4) 

where 

Q = required air volume, cubic feet per minute. 

V = velocity at register face, feet per minute 

R = ratio of free area to gross area of r^^ster. 
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Table 1 Factors Corresponding to Register Temperature for Equation 2 


Rboibtsb Tdmfbba.tube 

1 

Factor 

110 i 

0.02210 

120 

0 01840 

130 

0 01585 

140 

0 01397 

150 

0.01253 

160 

0 01140 

170 

0.01049 


Allowable register velocities to be used in Equation 3 are approximately as follows 

Baseboard, non-deflecting type, maximum = 300 fpm 

Baseboard, deflecting toward floor, maximum = 500 fpm. 

Baseboard, deflectmg and diffusing =** up to 800 fpm 

High sidewall = not less than 600 fpm. 

10 Duct systems for forced-air mstallations may consist of either trunk systems or 
individual duct systems 

Trunk Systems. ^ Determme duct sizes and friction losses as outlined m Chapter 20, 
except that for residence applications the velocities in the mam duct and in the \’anous 
parts of the system should approximate the values recommended in Table 2. 

Individual Duct Systems individual duct system is one having separate ducts 
extending from the heating unit to each register In designing such a S5rstem select first 
the duct havmg the greatest equivalent length. Select a reasonable velocity using Table 
2 as a guide^ From friction chart on p. 366 determine unit friction loss p^ 100 ft of run, 
and from this the total fnction loss in the duct selected If this total friction loss exceeds 
a reasonable value a lower velocity should be used. 

The remaining ducts are proportioned so that the total pressure in each duct is the 
same as that calculated for the longest duct. The added resistance necessary in the 
shorter ducts is accomplished by increasing the velocity in these ducts. No duct should 
be less than 6 m in diameter, nor should the veloaty in any duct exceed approximately 
1200 fpm. The final adjustment m a duct system may be made by employing dampers. 

Instead of proportionmg the ducts as outhned in the preceding paragraph it is more 
usual m practice to proportion all the ducts so that they have the same velocity as that 
used in the longest duct and to balance the system by employing dampers in the shorter 
ducts 

Return duct systems are designed making use of the same principles as those used in 
the design of supply duct systems In this case the design may be based on the volume 
of air corresponding to the' density of air existing m the return ducts, or in order to provide 
a factor for air leakage, it may be based on the same volume as used for the supply ducts. 

Table 2. Recommended Velocities Through Ducts and Registers 


DsSGBIFnON 

Low Ybloceit 
Ststsu 
(fpk) 

MbDIUU VlLOCEFr 

Srsnoc 

(me) 

Eioa ViLOCiTT 

Ststbu 

(mO 

Mam ducts 

500 

750 

1000 

Branch ducts 

450 

600 

750 

Wall stacks 

350 

500 

600 

Baseboard registers (max ) 

300 

350 

400 

Wall registers above 5 ft (mm ) 

500 

550 

600 
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11 Determine fnctional resistance m 

a Supply side of system as outlined m item 10 

b Return side of system as outlined in item 10 

€, Furnace units, casing or hood, which is usually considered as equi\’alent to 0 03 
to 0 10 in of water 

d. Accessones such as washers or air filters, from manufacturer's data. 

e. Inlet and outlet registers and grilles, from manufacturer’s data 

/. Other accessorj’ equipment such as cooling coils, from manufacturer’s data 

Choose a fan which, according to its manufacturer’s rating, is capable of dehvenng a 
volume of air, expressed in cubic feet per minute, against a fnctional resistance, expressed 
m inches of water, computed by adding together the items listed in the preceding discus- 
sion. In practice it is recommended that liberal allowances should be made so that the 
fan will be capable of dehvenng air against pressures that may not have been foreseen 
during the design of the duct system. 

12. Select a furnace capable of delivenng heat at the register outlets equal to the 
total heat loss of the structure to be heated 

The following formula may be used for coal burning furnaces: 


/ Xi>XEiXEi[l+002(R- 20)] 

where 

G — required grate area, square feet 

R = total heat loss from building, Btu per hour 

/ = calonfic value of coal, Btu per pound 

p = combustion rate m pounds of fuel per square foot of grate per hour. 

E\ = furnace efficiency based on heat available at bonnet. 

jEs — efficiency of transmission based on ratio of heat delivered at register to heat 
available at bonnet 

R = ratio of heating surface to grate area. 

In practice it is customary to use the following constants 

/ = 12,000 (for specific values, see Table 1, Chapter 27). 

p = 7.5 lb. 

jEi = 0.65 lower effiaency must be used with highly volatile solid fuel. 

.^2 = 0.85. 

The forgoing procedure for determining the size of the furnace to be used applies 
to continuously heated buildings. 

13. Although mtermittently heated buildings usually have their heat losses computed 
according to the standard rules for determinmg such losses, these rules do not take into 
account the heat which will be absorbed by the cold material of the building after the air 
is raised in temperature. This heat absorption must be added to the normal heat loss of 
the building to determine the load which the heating plant must carry through the 
warming-up process. It is customary to increase the normal heat loss figure by from 50 
to 150 per cent depending upon the heat capacity of the construction material, the hi^er 
percentage appl3dng to materials of high heat capaaty such as concrete and brick. Fan 
furnace systems are well adapted for heating intermittently heated buildings as these 
systems do not require the warming of intermediate piping, radiators, or convectors, the 
generation of steam, or the heating of hot water. 

14. Follow the same methods for an oil furnace as for coal where a conversion unit is 
to be used, making sure that the ratio of heating surface to grate area exceeds 20 to 1. 
If it does not, a size larger furnace should be selected Use the manufacturers’ Btu 
ratings of furnaces designed for exclusive use with oil, and select a burner with hberal 
excess capacity. 
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15 The selertion of the proper size gas furnace for a constantly heated building can 
be easily made by using the following American Gas Association formula 



where 

H = total heat loss from building, Btu per hour, 

R = official A, G A output rating of the furnace, Btu per hour 

In the case of converted warm air furnaces a slightly different procedure is necessary, 
as the Btu input to the conversion burner must be selected rather than the furnace out- 
put The proper sizing may be done by means of the following formula: 

/ = 1 59 S' (7) 

where 

I = Btu per hour input 

The factor 1 59 is the multiplier necessary to care for a 10 per cent heat loss in the 
distributing ducts and an efficiency of 70 per cent in the conversion burner. 

16 Specify loration and type of all dampers m both supply air and return air sides 
of sj^em. Specify controls includmg location of all thermostats- Arrange for proper 
control of humidifying equipment. 

HEAVY DUTY FAN FDBNACES 

Fan furnaces for large commercial and industrial buildings are available 
in sizes ranging from 400,000 to 3,000,000 Btu per hour per unit. Heavy 
duty heaters may be arranged in combinations of one or more units in a 
battery. A few possible arrangements are shown in Figs. 6 to 9 in- 
clusive. 

Most manufacturers of heavy duty furnaces rate their furnaces in Btu 
per hour and also in the number of square feet of heating surface. Con- 
servative practice indicates that at no time in the heating-up period 
should the furnace surface be required to emit more than an average of 
3500 Btu per square foot- A higher rate of heat emission tends to increase 
the heat loss up the chimney, and raise fuel consumption, to shorten the 
life of the furnace, and to overheat the air. The ratio of heating surface 
to grate area on furnaces for this type of work should never be less than 
30 to 1 and as indicated previously may run as high as 50 to 1. 

Control of temperature is secured through (1) controlling the quantity 
of heated air entering the room, (2) using mixing dampers, or (3) re- 
lating the fuel supply. 

The design of heavy duty fan furnace heating systems is in many 
respects similar to that of the central fan heating S3^tems described in 
Chapter 9. Ducts are designed by the method outlined in Chapter 20. 

HUMlDinCATION 

Mechanical warm air systems offer a means of proportioning and 
distributing moisture-bearing air; consequently, during the winter months 
humidifiers may be employed to deliver water vapor to the fan-driven air 
stream in proper amounts to produce a more humid atmosphere, with 
increased comfort for people and increased life for household furnishings. 
Temperatures and relative humidities should be governed within the 

437 


American Society of Heating and Ventilating Engineers Guide, 1937 



43S 






Chapter 24 — ^Mechanical Warm Air Furnace Systems 


limits of the generally accepted standards. See Chapters 3 and 12 for 
more detailed information on this point. 

In earlier types of furnaces, water evaporating pans were usually placed 
in the cool portions of the air stream, but modem tj^pes usually locate 
them in air which has been heated by contact with the heating surfaces. 
To change water into vapor capable of being carried in an air stream as 
part of the mixture, about 1000 Btu per pound are required. Without 
Ae addition of this heat, termed the latent heat of evaporation, water 
injected into the air will be (^rried along in the form of tiny globules until 
it falls out of the stream or is deposited upon some surface. 

Furthermore, when dry air is in contact with water for a sufficient 
length of time without the presence of a sizable body of water or a source 
other than air from which this latent heat of evaporation can be taken, 
such heat is supplied from the air. There is, therefore, a trend in present 
practice toward hating the water in addition to heating the air. Equip- 
ment for doing this may make use of sprays, or it may take the form of 
water circulating coils placed within the combustion chamber and con- 
nected by pipes to the humidifier pans where a constant water level is 
maintained by some separate float device. (See Chapter 12.) 

Residence Requirements 

The principles underl 5 dng humidity requirements and limitations for 
residences are summarized in University of Illinois Bulletin No. 23(H, as 
follows: 

^ 1.^ Optimum comfort is the most tangible criterion for determining the air conditions 
within a residence. 

2. An effective temperature of 65 de^ represents the optimum comfort for the 
majority of prople. Under the conditions in the average residence a dry-bulb tempera- 
ture of 69 5 F with relative humidity of 40 per cent is the most practiced for the attain- 
ment of 65-d^ effective temperature. 

3. Evaporation requirements to maintain a relative humidity of 40 per cent in zero 
\veather depend on the amount of air inleaka^ to the average residence, and vary from 
practically nothing to 24 gal of water per 24 hours. 

4. Relative humidity of 40 per cent indoors cannot be maintained in rigorous climates 
witiiout excessive condensation on the windows unless tight-fitting storm sash or the 
equivalent is installed. 

5. The problems of humidity requirements and limitations cannot be separated from 
considerations of good building construction, and the latter should receive serious atten- 
tion in the installation of humidifying apparatus. 

The following conclusions were drawn from the experimental results 
reported in the aforementioned bulletin: 

1. None of the types of gravity warm air furnace water pans tested proved adequate to 
evaporate sufficient water to maintain 40 per cent rdative humidity in the Research 
Residence except only in moderatdy cold weather. 

2. The water pans used in the radiator shields tested did not prove adequate to main- 
tain 40 per cent relative humidity in a residence similar to the Research Rj^dence when 
the outdoor temperature approximated zero degrees F ahr e nh eit. 


4See Humidification for Residences, by A. P Kiztz {University of Illinois, Bulletin No 230) 

*66 deg IS the optimum winter effective temperature recommended by the A.S.H.V.E Committee on 
Ventilation Standard. See Chapter 3 
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COOLING METHODS 

A slight cooling effect may be obtained under certain conditions by the 
use of basement air. A more positive cooling effect may be obtained 
through air washers where the temperature of the water is sufficiently 
low (55 F or lower), and where a sufficient volume of water can be pro- 
vided. Unless the temperature of the lea\dng water is below the dew 
point temperature of the indoor air at the time the washer is started, both 
the relative and absolute humidities will be somewhat increased. 

Coils of copper finned tubing through which cold water is pumped are 
available for cooling. They require less space than air washers and have 
the advantage that no moisture is added to the air when the temperature 
of the water rises above the dew point. Ample coil surface is necessary 
with this type of cooling. 

It is thoroughly feasible to use ice or mechanical refrigeration in con- 
nection with the fan and duct system for the heating installation, and to 
cool the building by this method, provided the building is reasonably well 
constructed and insulated. Windows and doors should be tight, and 
awnings should be supplied on the sunny side of the building. See also 
Chapters 10 and 11. 

Results at Research Residence 

The following conclusions may be drawn from the studies thus far 
completed in the Research Residence, subject to the limitations of the 
conditions under which the tests were run®. 

1. An uninsulated building of ordinary residential tj^je may require the equivalent 
of three tons of ice in 24 hr on days when the maximum outdoor temperature reaches 
100 F if an effective temperature of approximately 72 deg is maintained indoors, 

2. The use of awnings at all windows in east, south, and west exposures may result 
in savings of from 20 to 30 per cent in the required cooling load 

3. The cooling load per degree difference in temperature is not constant but mcreases 
as the outdoor temperature increases. 

4. The heat lag of the building complicates the estimation of the cooling load under 
any specified conditions and makes such estimates, based on the usual methods of 
computation, of doubtful value. 

5. The seasonal cooling requirements are extremely variable from year to year, and 

the ratio between the degree-hours of any two seasons occurring within a 10 year peridd 
may be as high as 7.5 to 1. Hence an average value of the degree-hours cooling per, season 
is comparatively meaningless , ^ . r 

6. The duct system in a forced-air heating mstallation can be successfully converted 
to a sjjstem for conveying cool au: for the purpose of cooling the structure. No con- 
densation of Hioisture was observed when the duct temperatures were not less thanj6|5 F. 

7. Cooling by means of water at a temperature of 60 F is not satisfactory unless 
an indoor temperature of less than 80 F is maintained 

8. In the selection of cooling coils, the frictional resistance* of the coil to flow of air 

must be given careful consideration. *> » . 

9. Coolmg the structure by introducing large quantities of air from outdoors at 
night tended to reduce the amount of cooling required oii the following cfey and was a 
practical means of providing more comfortable conditions in thofee homes where cooKng 
systems were not available. 


•Study of Sanuner Coolmg in the Research Residence at the UniveriBity of Ilhnois, by A P Krate'and 
S. Konzo (A S H.V B. Trai^ctions. Vol. 89, 1933); Study of Summer Cooling in die Research Rmdence 
for the Slimmer of 1933, by A. P Kratz and S Konzo (A S H V E. Tiuu^cxions, Vol. 40, 1934). 
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METHOD OF DESIGNING COOLING SYSTEM 

The general procedure for the design of a cooling system in a forced-air 
installation is as follows: 

1. Calculate heat gain for each room or space to be conditioned See Chapters 5 
and 8) Allowance for addition of outside air must be included in this calculation 

2, Select a temperature of air leaving supply inlets In Research Residence tests’" 
a value of from 65 to 70 F was found satisfactory. 

3 Determine mdoor conditions to be maintained In Research Residence SO F dry 
bulb and 45 per cent relative humidity was found satisfactory 

4. Determine the quantity of air to be introduced into each room 'See Chapter 10» 
Equations 1 and 2 ) 

5 Estimate heat loss m duct system between cooling unit and supply registers. 

6. Calculate the heat to be removed by the cooling unit, in the form of sensible heat 
and latent heat. 

7. Determine size of ducts in duct system and size of registers, as explained in this 
chapter under the heading of Method of Designmg Forced-Ar Heating Systems 

8. Determine pressure loss in duct system and select fan as also explained in the 
same section 

9 Select cooling unit from manufacturer's data Specify temperature and pressure 
of available cooling water, voltage and characteristics of electrical supply, and method 
of control of apparatus 

10 Select cooling coils from manufacturer’s data to take care of latent heat load and 
to give required drop in air temperature with the weight of air flowing. See Chapter 10 
on section Surface Cooling Problems. 

11 If system is to be used for both winter heating and summer cooling, duct sizes 
must be checked to insure that velocities and friction losses are reasonable for both 
conditions of operation Adjustable dampers will be necessary to make changes in air 
distribution for the two seasons Provision must also be made for changmg fan speeds 
for summer and winter operation 


»Loc. Cit Note 6, 


problems in practice 


1 • A residence furnace, having a ratio of heating surface to grate area equal to 
20 to 1, is to be selected to heat a house which has a computed load of 225,000 
Btu per hour. If coal having a calorific value of 12,000 Btu per pound is to be 
burned, if the furnace will burn 7.5 lb of coal per square foot of grate per hour, 
and if the furnace efficiency is 65 per cent, determine the square feet of grate 
area necessary in the furnace to be selected. 


Substituting in Equation 5: 


225,000 

” 12,000 X 7.5 X 0 65 X 0.85 


= 4.53 sq ft of grate area. 


A furnace having at least 4 6 sq ft of grate area should therefore be selected 


2 • "Why should secondary surface be designed for ea^ cleaning? 

If the combustion is not perfect, soot is formed immediately above the fire and is apt 
to form a deposit on the secondary surface from which it ^ould be removed. If the 
secondary surface is so designed that there are horizontal passages, fine gray ash will 
settle out m these to form an insulation between the hot gases of combustion and the 
mAtfll of the furnace; consequently, these should be readily cleaned If the passages are 
vertical they are larg^ely self-cleaning of ash, but provision should be made for easy and 
thorough deanmg of the collection chamber below them. 
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3 • Why is baffling inside the casing necessary on fan systems? 

Because the movement of air is mdependent of its temperature, air must be guided by 
baffles of one form or another to bring it in contact with the hot surfaces so it will not 
pass through the casing unheated. On the other hand, if the air is held against a hot 
surface too long it might become overheated, for the average register temperature on a 
f 2 in system shoffld not exceed 120 F. 

4 • What practical points should be observed in designing a fan system in order 
to eliminate noise? 

a. Use a large fan so it can be run at slow speed. 

b. Set the fan and motor on a solid foundation 

c. Insulate the fan and motor from the foundation with rubber, cork, or other springy 
materi^ according to the principles given in Chapter 18, provided, of course, that sucn 
insulation is of value. 

d. See that the air velocity is not too high in the ducts. Properly designed splitters in 
the elbows will avoid high velocities at the turns in cases where the velocity through the 
ducts themselves is not too high. 

e. Use canvas connections between the ducts and any running equipment. 

/. Be sure the ducts have a relatively smooth mterior and are rigid. 

5 • Wby do furnaces designed to burn bituminous coal, oil, or gas require 
larger combustion spaces than those designed for antbracite? 

Anthracite bums largely as fixed carbon whereas gas and oil bum as gases, and as much 
as ^ per cent of bitununous coal bums as a gas. Ample space must be provided for the 
intimate mixture of these gases with the oxygen of the air to secure proper combustion. 

6 • A furnace bas the following dimensions: Grate diameter, 24 in.; casing 
diameter for gravity air flow, 56 in.; combustion chamber diameter, 30 in. 
What is the unobstructed area required for passage of air across the heating 
surface when a motor-driven blower, operating at an outlet velocity of 1200 fpm, 
delivers 1600 cfm into the casing near its bottom? 

For residence applications usmg small blowers, an air outlet velocity of about one third 
of the blower outlet velocity is considered good practice 


Air-pass velocity 


= 400 fpm 


Air-pass area 


== 4 sq ft = 576 sq in 


7 # In Question 6 what would be the gap between the chamber and the baffle 
when the chamber is centered in the casing? 


Area of combustion chamber (30-m. diam) 
Area of air pass 

Total area 


706 9 sq in. 
576 0 sq in. 


Total area 1282 9 sq in. 

The diameter of a drcle with an area of 1282.9 sq in. is 40.4 in. One half of the difference 
between the diameters is the amount of gap. 


Gap — 


40.4 - 30.0 


— 5.2 in, = approximately 5}^ in 
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BOILERS 


C^t-Iron Boilers, Steel Boilers, Special Heating Boilers, Gas~ 

Fired Boilers, Hot Water Supply Boilers, Furnace Design, Heating 
Surface, Testing and Rating Ctfdes, Output, Efficiency, Selection 
of Boilers, Connections and Fittings, Erection, Operation and 
Maintenance, Boiler Insulation 

S TEAM and hot water boilers for low pressure heating work are built in 
a wide variety of types, many of which are illustrated in the Catalog 
Data Section, and are classified as (1) cast-iron sectional, (2) steel fire 
tube, (3) steel water tube, and (4) special. 

CAST-mON BOILERS 

Cast-iron boilers may be of round pattern with circular grate and hori- 
zontal pancake sections joined by push nipples and tie rods, or of rec- 
tangular pattern with vertical sections. The latter type many be either of 
outside header construction where each section is independent of the other 
and the water and steam connections are made externally through these 
headers, or assembled with push nipples and tie rods, in which case the 
water and steam connections are internal. 

Cast-iron boilers usually are shipped knocked down to facilitate hand- 
ling at the place of installation where assembly is made. One of the chief 
advantages of cast-iron boilers is that the separate sections can be taken 
into or out of basements and other places more or less inaccessible after 
the building is constructed. This feature is of importance in making 
repairs to or replacing a damaged or worn-out boiler and should be given 
consideration in the original selection. Sufficient space ^ould be pro- 
vided in the boiler room for assembling the boiler and for disassembling it 
conveniently if repairs are needed. With the outside header type of boiler 
a damaged section in the middle of the boiler can be removed without 
disturbing the other sections so side clearance should be provided. 

Capactties of cast-iron boilers range from that required for small 
residences up to about 18,000 sq ft of steam radiation. For larger loads, 
cast-iron boilers must be installed in multiple, or a steel boiler must be 
used. In most cases cast-iron boilers are limited to working pressures of 
15 lb for steam and 30 lb for water. Special types are built for hot water 
supply which will witiistand higher local water pressures. 

STEEL BOILERS 

Two general classifications may be applied to steel boilers : first, with 
regard to the relative position of water and hot gases, distinguished as fire 
tube or water tube; second, with regard to arrangement of furnace and 

443 



American SodExy of Heating and Ventilating Engineers Guide, 1937 


flues, as (1) horizontal return tubular (HRT) boilers, (2) portable (self- 
contained) firebox boilers with either water or fire tubes, and (3) water 
tube boilers of the power type. 

Fire tube boilers are constructed so that the water available to produce 
steam is contained in comparatively large bodies distributed outside of the 
boiler tubes, the hot gases passing within the tubes. In water tube boilers, 
the water is circulated within lie boiler tubes, heat being applied ex- 
ternally to them. 

The HRT boiler is the oldest type and consists of a horizontal cylin- 
drical shell with fire tubes, enclosed in brickwork to form the furnace and 


Table 1. Practical Combustion Rates for Small Coal-Fired Heating Boilers 
Operating on Natltial Draft of from in. to H in WATERa 


Kcn> OF Coal 

SqFtGbatb 

Lb or Coal per Sq Ft 

Grate per Hour 


Up to 4 

3 


5 to 9 


No 1 Buckwheat Anthracite 

10 to 14 

4 


15 to 19 

m 


20 to 25 

5 


Up to 9 

5 

Anthracite Pea 

10 to 19 

m 


20 to 25 

\ ® 


Up to 4 

8 


5 to 9 

9 

Anthracite Nut and Larger 

10 to 14 

10 


15 to 19 

11 


20 to 25 

13 


Up to 4 

9.5 

Bituminous 

5 to 14 

12 


15 and above 

15.5 


aSteel boilers usually uave uigner combustion rates for grate areas exceeding 15 sq ft than those indicated 
in this table. 


combustion chamber. All heating surfaces and the interior of the boiler 
are accessible for both cleaning and inspection. Horizontal return tubular 
boilers, especially the larger sizes, should be suspended from structural 
columns and beams independent of the brick setting. Small HRT boilers 
sometimes are supported by brackets resting on the brick setting. 

Portable firebox boilers are the more generally used type of steel heating 
boilers, their outstanding characteristic being the water-jacketed firebox 
which eliminates virtually all brickwork. They are shipped in one piece 
from the factory and come to the job ready for immediate hook-up to 
piping. They may be of welded or riveted construction and have either 
water or fire tubes. Manufacturers* catalogs usually list heating surface 
as well as grate area. The elimination of brickwork also makes this type 
the most compact of steel boilers as well as the lowest in first cost. 

Water tube boilers. For Isirge heating loads water tube boilers are quite 
frequently used. They usually require more head room than other types 
of boilers but require considerably less floor space and make possible a 
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much higher rate of evaporation per square foot of heating surface, with 
proper setting, baffling and draft. Water tube boilers used for heating 
purposes are either completely supported, insulated and encased in steel, 
or else brick set, supported on structural steel columns and have the bnck 
setting encased in an insulated steel housing to prevent air infiltration and 
to minimize heat losses. For large heating loads at a high rate of evapora- 
tion, such boilers should be operated at pressures above 15 lb per square 
inch with a pressure-reducing valve on the connection to the heating main. 

SPECIAL HEATING BOILERS 

A special t 3 ^e of boiler, known as the magazine feed boiler, has been 
developed for the burning of small sizes of anthracite and coke. These 
are built of both cast-iron and steel, and have a large fuel canning 
capacity which results in longer firing periods than would be the case with 
the standard t 5 rpes using buckwheat sizes of coal. Special attention must be 
given to insure adequate draft and proper chimney sizes and connections. 

Oil-burner boiler units, in which a special boiler has been designed with 
a furnace shaped to meet the general requirements of oil burners or are 
specially adapted to one particular burner have been developed by a 
number of manufacturers. These usually are compact units with the 
burner and all controls enclosed within an insulated steel jacket. Ample 
furnace volume is provided for efficient combustion, and the heating 
surfaces are proportioned for effective heat transfer. Consequently, 
higher efficiencies are obtainable than with the ordinary coal fired boiler 
converted to oil firing. 

GAS-FIBED BOILERS 

Gas boilers have assumed a well-defined individuality. The usual boiler 
is section^ in construction with a number of independent burners placed 
beneath the sections. In most boilers each section has its own burner. In 
all cases the sections are placed quite closely together, much closer than 
would be possible when burning a soot-forming fuel. The effort of the 
designer is always to break the hot gas up into thin streams, so that all 
partides of the heat-carrying gases can come as dose as possible to the 
heat-absorbing surfaces. Because there is no fuel bed redstance ^d because 
the gas company supplies the motive power to draw in the air necessary 
for combustion (in the form of the initid gas pressure) , draft losses through 
gas boilers are low. 

HOT WATER SUPPLY BOILERS 

Boilers for hot water supply are da^ified as direct, if the water heated 
passes through the boiler, and as indirect, if the water heated does not 
come in contact with the water or steam in the boiler. 

Direct heaters are built to operate at the pressures found in dty supply 
mains and are tested at pressures from 200 to 300 lb per square inch. 
The life of direct heaters depends almost entirely on the scale-maHng 
properties of the water supplied. If water temperatures are maintdned 
below 140 F the life of the heater will be much longer than if higher 
temperatures are used, owing to decreased scale formation and minimized 
corrosion below 140 F. Direct water heaters in some cases are designed 
to bum refuse and garbage. 
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Indirect heaters generally consist of steam boilers in connection with 
heat exchangers of the coil or tube types which transmit the heat from the 
steam to the water. This type of installation has the following advantages : 

1. The boiler operates at low pressure. 

2 The boiler is protected from scale and corrosion 

3. The scale is formed in the heat exchanger in which the parts to -which the scale 
is attached can be cleaned or replaced. The accumulation of scale does not affect 
efficiency although it will affect the capacity of the heat exchanger. 

4, Discoloration of water may be prevented if the water supply comes in contact 
with only non-ferrous metal. 

Where a steam heating system is installed, the domestic hot water 
usually is obtained from an indirect heater placed below the water line of 
the boiler. 


FURNACE DESIGN 

Good efficiency and proper boiler performance are dependent on cor- 
rect furnace design embodying sufficient volume for burning the par- 
ticular fuel at hand, which requires thorough mixing of air and gases at 
a high temperature with a velocity low enough to permit complete com- 
bustion of all tihe volatiles. On account of the small amount of volatiles 
contained in coke, anthracite, and semi-bituminous coal, these fuels can 
be burned efficiently with less furnace volume than is requir^ for bi- 
tuminous coal, the combustion space being proportioned according to the 
amount of volatiles present. 

Combustion should take place before the gases are cooled by the boiler 
heating surface, and the volume of the furnace must be suffici^t for this 
■purpose. The furnace temperature must be maintained sufficiently high 
to produce complete combustion, thus resulting in a higher CO 2 content 
and the absence of CO. Hydrocarbon gases ignite at temperatures 
varying from 1000 to 1500 F. 

The question of furnace proportions, particularly in regard to mechani- 
cal stoker installations, has been given some consideration by various 
manufacturers’ associations. Arbitrary values have been recommended 
for minimum dimensions. A customary rule-of-thumb method of figuring 
furnace volumes is to allow 1 cu ft of space for a maximum heat release 
of 50,000 Btu per hour. This value is equivalent to allowing approxi- 
mately 1 cu ft for each developed horsepower, and it is approved by 
most smoke prevention organizations. 

The setting height will vary with the type of stoker. In an overfed 
stoker, for instance, all the volatiles must be burned in the combustion 
chamber and, therefore, a greater distance should be allowed than for an 
underfeed stoker where a considerable portion of the gas is burned while 
passing through the incandescent fuel bed. The design of the boiler also 
may aSfect tiie setting height, since in certain t 5 q)es the gas enters the 
tubes immediately after leaving the combustion chamber, while in others 
it passes over a bridge wall and toward the rear, thus giving a better 
opportunity for combustion by obtaining a longer travel before entering 
the tubes. 

To secure suitable fxunace volume, especially for mechanical stokers or 
oil burners, it often is necessary either to pit the stoker or oil burner, or 
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where water line conditions and headroom permit, to raise the boiler on a 
brick foundation setting. 

Smokeless combustion of the more volatile bituminous coals is furthered 
by the use of mechanical stokers. (See Chapter 28.) Smokeless com- 
bustion in hand-fired boilers burning high volatile solid fuel is aided (1) 
by the use of double ^ates with down-draft through the upper grate, ^ (2) 
by the use of a curtain section through which preheated auxiliary air is 
introduced over the fire toward the rear of the boiler, and (3) by the intro- 
duction of preheated air through passages at the front of the boiler. ^ All 
three methods depend largely on mixing secondary air with the partially 
burned volatiles and causing this mixture to pass over an incandescent 
fud bed, thus tending to secure more complete combustion than is pos- 
sible in boilers without such provision. 

HEATING SURFACE 

Boiler heating surface is that portion of the surface of the heat transfer 
apparatus in contact with the fluid being heated on one side and the gas or 
refractory bdng cooled on the other side. Heating surface on which the 
fire shines is known as direct or radiant surface and that in contact with 
hot gases only, as indirect or convection surface. The amount of heating 
surface, its distribution and the temperatures on either side thereof 
influence the capadty of any boiler. 

Direct heating surface is more valuable than indirect per square foot 
because it is subjected to a higher temperature and also, in the case of 
solid fuel, because it is in position to receive the full ra^ant energy of the 
fud bed. The heat transfer capacity of a radiant heating surface may be 
as high as 6 to 8 times that of an indirect surface. This is one of the 
reasons why the water legs of some boilers have been extended, especially 
in the case of stoker firing where the extra amount of combustion diamber 
secured by an extension of the water le^ is important. For the same 
reason, care should be exerdsed in building a refractory combustion 
chamber in an oil-burning boiler so as not to screen any more of this 
valuable surface with refractories than is necessary for good combustion. 

The effectiveness of the heating surface depends on its deanlmess, its 
location in the boiler, and the shape of the gas pass^es. Investigations^ 
by the U. S. Bureau of Mines show that: 

1. A boHer in which the heating surface is arranged to give long gas passaM of small 
cross-section will be more efficient than a boiler in T^ch the gas passages are Mort and of 
larger cross-section. 

2. The effidency of a water tube boiler mcreaaes as the free area between individual 
tubes decreases and as the length of the gas pass increases. 

3. By inserting baffles so that the heating surface is arranged in series with respect to 
the gas flow, the lx)iler efficiency will be increased. 

The area of the gas passages must not be so sme^ as to cause excessive 
resistance to the flow of gases where natural draft is employed. 

Heat Transfer Rates 

Practical rates of heat transfer in heating boilers will average about 
3300 Btu per sq ft per hour for hand-fired boilers and 4000 Btu per sq ft 

iSee U. S Bureau qf Mtnes Bulletin No 18, The Transmiwnon of Heat into Steam BoilerB. 
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per hour for mechanically fired boilers when operating at design load^. 
When operating at maximum load^ these values will run between 5000 and 
6000 Btu per sq ft per hour. Boilers operating under favorable conditions 
at the above heat transfer rates will give exit gas temperatures that are 
considered consistent with good practice. 

TESTING AND RATING CODES 

The Society has adopted three solid fuel testing codes, a solid fuel 
rating code and an oil fuel testing code. A.S.H.V.E. Standard and Short 
Form Heat Balance Codes for Testing Low-Pressure Steam Heating 
Solid Fuel Boilers — Codes 1 and 2 — (Revision of June 1929)®, are intended 
to provide a method for conducting and reporting tests to determine heat 
efficiency and performance characteristics. A.S.H.V.E. Performance 
Test Code for Steam Heating Solid Fuel Boilers — Code No. 3 — (Edition of 
1929)® is intended for use wiA A.S.H.V.E. Code for Rating Steam Heating 
Solid Fuel Hand-Fired Boilers^. The object of this test code is to specify 
the tests to be conducted and to provide a method for conducting and 
reporting tests to determine the efficiencies and performance of the boiler. 
The A.S.H.V.E. Standard Code for Testing Steam Heating Boilers 
Burning Oil Fuel® is intended to provide a standard method for con- 
ducting and reporting tests to determine the heating efficiency and per- 
formance characteristics when oil fuel is used with steam heating boilers. 

Steel Heating Boilers Ratings 

The Steel Heating Boiler Institute has adopted a method for the rating of 
low pressure boilers based on their physical characteristics and expressed 
in square feet of steam or water radiation or in Btu per hour as given in 
Table 2. The following requirements are included in this Code; 

1. One square foot of steam radiation is to be considered equal to the emission of 
240 Btu per hour and one square foot of water radiation is to he considered equal to 
emission of 150 Btu per hour. 

2. The rating of a boiler expressed in square feet of steam radiation in which solid fuel 
hand fired is u^ is based on the amount equal to 14 times the heating surface of the 
boiler in square feet. 

3. The rating of a boiler e^ressed in square feet of steam radiation in which solid fuel 
mechanically fixed, or in which oil or gas is burned, is based on the amount equal to 
17 times the heating surface of the boiler in square feet. 

4. Heating surface is to be expressed in square feet and include those surfaces in the 
boiler which are exposed to the products of combustion on one side ^d water on the 
other. In measuring surfaces, the outer tube areas are to be considered. When a 
boiler has the water leg height increased the heating surface noted m the published 
ratings are not to be mcreased. 

5. A grate area is to be considered as an area of the grate surface expressed in square 
feet and measured in the plane of the top surface of the grate. For double grate boilers 
the grate surface is to be considered as the area of the upper grate plus one-quarter of the 
area of the lower grate 

6. The grate area of a boiler for rating as determined in No. 2 is to be not less than 
that determined by the following formulae: 

For boilers with ratings 1800 sq'ft to 4000 sq ft of steam radiation: 

nra+A ArAa « .. / Catalogue Rating (in square feet steam radiation) — 200 . 
y 25 5. 

xpor defimtioiu of design load and maxiiimm load see pages 451 and 452. 

•See A S.H.V E. Transactions, VoL 35, 1922. Also Chapter 44. 

<See A S H.V E. Transactions, VoI. 36. 1930. Also Chapter 44 

■See A.S H.V E Transactions, V61 37, 1931. Also Chapter 44. 
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Table 2 Standard Steel Heating Boiler Ratings^ 


Hand Fibsd Capacitt Rating 


Mechanicallt Fibes Capicitt Rating 


Steam 

Radiation 

SqPt 

Water 

Radiation 

SqFt 

Btuper Hr 

Heating 

Surf^ 

SqFt 

Grate 

4jea 

SqFt 

Steam 
Radiation 
Sq Ft 

Water 

Radiation 

SqFt 

Btuper Hr 

Furnace Volume 
Cu Ft OJ, Gas or 
Bituminoua Coal 

1,800 

2,880 

432,000 

129 

7.9 

2,190 

3,500 


15 7 


3,520 

528,000 

158 

8.9 

2,680 

4,280 

643,200 

19 2 

2,600 

4,160 

624,000 

186 

97 

3,160 

5,050 

758,400 

22.6 


4,800 

720,000 

215 

10 5 

3,650 

5,840 


261 

3,500 

5,600 

840,000 

250 

114 

4,250 

mimm 


304 


6,400 

960,000 

286 

12 2 

4,860 

7,770 


34.8 

4,500 

7,200 

1,080,000 

322 

13 4 

5,470 

8,750 


39.1 


8,000 

1,200,000 

358 

14 5 

6,080 

9,720 


435 


9,600 

1,440,000 

429 

16 4 

7,290 

11,660 


, 52 1 

BvfS!S!SI 

11,200 

1,680,000 


18 1 

8,500 




8,500 

13,600 

2,040,000 

608 

20 5 

10,330 

16,520 


73 8 

10,000 

16,000 

2,400,000 

715 

22 5 

12,150 

19,440 


86 8 

12,500 

20,000 

3,000,000 

893 

25 6 

15,180 

24,280 


108.5 

15,000 

24,000 

3,600,000 

1,072 

28 4 

18,220 

29,150 


130 2 

17,500 

28,000 

4,200,000 

1,250 

30 9 

21,250 



1518 

20,000 

32,000 

4,800,000 

1,429 

33 2 

24,290 

38,860 


173.5 

25,000 

40,000 

6,000,000 

1,786 

37 4 

30,360 

48,570 


216 9 

30,000 

48,000 

7,200,000 

2,143 

412 

36,430 

58,280 



35,000 

56,000 

8,400,000 


44.7 

42,500 



303.6 


^Adopted by the Sied Heaitng Boiler Institute m cooperation with the Bureau of Standards, United States 
Department o/ Commerce Simplified Brattice Recommendation R IST-SS 


For boilers with ratings 4000 sq ft of steam radiation and larger: 


Grate Area 


V 


Catalogue Rating (in square feet steam radiation) — 1500 
16 8 


( 2 ) 


7. The volume for furnaces in which solid fuel is burned is to be considered as the 
cubical content of the space between the bottom of the fuel bed and the first plane of 
entry into or between the tubes. Volume of furnaces in whdh pulverized fuel liquid or 
gaseous fuel is burned are to be considered as the cubical content of the space between 
the hearth and the fiirst plane of entry mto or between the tubes No minimum furnace 
volume is to be specified for mechanical fired boilers burning anthracite. 

8 The furnace volume for a boiler, with a rating as determined in No 3 in which oil, 
gas or bituminous coal stoker fired is burned is not to be less than one cubic foot for 
every 1^ sq ft of steam rating 

9. The average height of furnace for the rating determined in No 3 in which bitu- 
minous coal, stoker fired is burned is not to be less than that determined graphically in 
Fig. 1 or mathematically by the following formula 

H = (®) 

\ 22 5 M A 

where 

jy — average furnace height, inches as determined by the following formula; 

■FT - i?Z. = 

^ ^ A WL 

R = stoker fired boiler rating, square foot steam radiation. 

A — plan area of firebox, square feet measured at the bottom of the fuel bed 

F — furnace volume, cubic feet. 
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Tr = average width of furnace, measured at the bottom of the fuel bed, feet 
L = length of furnace, feet If the furnace is longer than the fuel bed or contains a 
bndge wall, the total length of the furnace may be used except that this length 
IS not to exceed 2} 2 ir 


BOILER OUTPUT 

Boiler output as defined in A.S.H.V.E. Performance Test Code for 
Steam Heating Solid Fuel Boilers (Code No. 3) is the qu^tity of heat 
available at the boiler nozzle with the boiler normally insulated. It 
should be based on actual tests conducted in accordance with this code. 
This output is usually stated in Btu and in square feet of equivalent heat- 
ing surface (radiation). According to the A.S.H.V.E. Standard Code for 



Fig. 1. Furnace Heights for Stoker Fired Boilers and Bituminous Coal 
Rated in ^uare Feet Steam Radiation 

Rating Steam Heating Solid Fuel Hand-Fired Boilers, the performance 
data should be given in tabular or curve form on the following items for at 
least five outputs ranging from maximum down to 35 per cent of maxi- 
mum: (1) fuel available, (2) combustion rate, (3) efiiciency, (4) draft 
tension, (5) flue gas temperature. The only definite restriction placed on 
setting the maximum output is that priming shall not exceed 2 per cent. 
These curves provide complete data regarding the performance of the 
boiler under test conditions. Certain other pertinent information, such as 
grate area, heating surface and chimney dimensions is desirable also in 
forming an opinion of how the boiler will perform in actual service. 

The output of large heating boilers is frequently stated in terms of 
boiler horsepower instead of in Btu per hour or square feet of equivalent 
radiation. 
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Boiler Horsepower : The evaporation of 34.5 Ib of water per hour 
from and at 212 jP which is equivalent to a heat output of 970.2 X 34.5 = 
33,471.9 Btu per hour. 

Equivalent Evaporation : The amount of water a boiler would 
evaporate, in pounds per hour, if it received feed water at 212 F and 
vaporized it at this same temperature and at atmospheric pressure. 

It is usually considered that 10 sq ft of boiler heating surface will pro- 
duce a rated boiler horsepower. A rated boiler horsepower in turn 
can carry a design load of from 100 to 140 sq ft of equivalent radiation. 
It is apparent, therefore, that 1 sq ft of boiler heating surface can carry a 
design load of from 10 to 14 sq ft of equivalent radiation, or someTvhat 
more if the boiler is forced above rating. The application of these values 
is discussed under the heading Selection of Boilers. 


BOILER EFTICIENCY 

The term efficiency as used for guarantees of boiler performance is 
usually construed as follows: 

1. Sohd Fuels. The efiidency of the hoil&r alone is the ratio of the heat absorbed by 
the water and steam in the boiler per pound of combustible burned on the grate to the 
calorific value of 1 lb of combustible as fired The combined eflftciency of botler^ furnace 
and grate is the ratio of the heat absorbed by the water and steam in the boiler per pound 
of fuel as fired to the calorific value of 1 lb of fuel as fired. 

2. Liquid Fuels. The combined efficiency of boiler, furnace and burner is the ratio of 
the heat absorbed by the water and steam in the boiler per pound of fuel to the calorific 
value of 1 lb of fuel. 


Solid fuel boilers usually show an efficiency of 50 to 76 per cent when 
operated under favorable conditions at their rated capacities. Infor- 
mation on the combined efficiencies of boiler, furnace and burner has 
resulted from research conducted at Yale University in cooperation with 
the A.S.H.V.E. Research Laboratory and Ae Ammcan Oil Burner 
Association^. For general information on heating efficiencies see Chapter 
29. 


SELECTION OF BOILERS 


Estimated Design Load : The load, stated in Btu per hour or equiva- 
lent direct radiation, as estimated by the purchaser for the conditions of 
inside and outside temperature for which the amount of installed radiation 
was determined is the sum of the heat emission of the radiation to be 
actually installed plus the allowance for the heat loss of the connecting 
piping plus the heat requirement for any appeiratus requiring heat con- 
nected with the system (A.S.H.V.E. Standard Code for Rating Steam 
Heating Solid Fuel Hand-Fired Boilers — ^Eklition of April, 1932). 

The estimated design load is the sum of the following three items^: 

1. The estimated heat emission in Btu per hour of the connected radiation (direct, 
indirect or central fan) to be installed. 

2. The estimated maximum heat in Btu ^ hour required to supply water heaters 
or other apparatus to be connected to the boiler. 


•study of the Chaructenatics of Oil Burnera and Heating Boilers, by L E Sed^ and E J Ta'm^ 
CASH VE Transactions, Vol 37, 1931), A Study of Intermittent Operation of Oil Burners, by L E 
Seeley and J H Powers (A S H V E Transactions, Vol. 38. 1932). 

*A S H V E Code of Minimum Requirements for the Heating and Ventilation of Buildings (Edition 
of 1929). 
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3 The estimated heat emission in Btu per hour of the piping connecting the radiation 
and other apparatus to the boiler 

Estimated Maximum Load : Construed to mean the load stated in 
Btu per hour or the equivalent direct radiation that has been estimated by 
the purchaser to be the greatest or maximum load that the boiler will be 
called upon to carry. (A.S.H.V.E. Standard Code for Rating Steam 
Heating Solid Fuel Hand-Fired Boilers — Edition of April, 1932.) 

The estimated maximum load is given by®. 

4 The estimated increase in the normal load in Btu per hour due to starting up cold 
radiation. This percentage of increase is to be based on the sum of Items 1, 2 and 3 
and the heating-up factors given in Table 3 


Table 3. Warming-up Allowances for Low Pressure Steam and 
Hot Water Heating BoiLERsai t>, c 


Design Load CReprrsbnting SraoiiTiov o? Iters 1, 2, od 3,<i | 

PESCENTiGE CaPACITT TO \VD 

FOR WiRMING Up 

Btu per Hour 

Equivalent Square Feet of Radiation^ 

Up to 100,000 

Up to 420 

65 

100,000 to 200,000 

420 to 840 

60 

200,000 to 600.000 

840 to 2500 

55 

600,000 to 1,200,000 

2500 to 5000 

50 

1,200,000 to 1,800,000 

5000 to 7500 

45 

Above 1,800,000 

Above 7500 

40 


aTbis table is taken from the A S H V E Code of Minimum Requirements for the Heating and Venti- 
lation of Buildings, except that the second column has been added for convemence m interpreting the design 
load m terms of equivalent square feet of radiation 

bSee also Time Analysis in Starting Heating Apparatus, by Ralph C Taggert (A S H V E Transac- 
tions. VoL 19, 1913) : Report of A S.H V.E Continumg Committee on Codes for Testing and Rating Steam 
Heating Sohd Fuel l^ilers (A S H VE Transactions, VoI 36, 1930); Selecting the Right Size Heating 
Boiler, by Sabin Crocker (ffeattng^ PtP%ng and Atr Condtttomng, March, 1032) 

oThis table refers to hand-fired solid fuel boilers A factor of 25 per cent over design load is adequate 
when oil or gas are used as fuels 
d240 Btu iier square foot 

Other things to be considered are: 

5. Efficiency wi^ hard or soft coal, gas. or oil bring, as the case may be 

6. Grate area with hand-fired coal, or fuel burning rate with stokers, oil, or gas 

7. Combustion space in the furnace. 

8. T 3 npe of heat liberation, whether continuous or intermittent, or a combination of 
both. 

9. Miscellaneous items consisting of draft available, character of attendance, pos- 
sibility of future extension, possibility of breakdown, headroom in the boiler room 

Radiation Load 

The connected radiation (Item 1) is determined by calculating the heat 
losses in accordance with data given in Chapters 6, 6 and 7, and dividing 
by 240 to change to square feet of equivalent radiation as explained in 
Chapter 30. For hot water, the emission commonly used is 150 Btu per 
square foot, but the actual emission depends on the temperature of the 
medium in Ae heating units and of the surrounding air. (See Chapter 30.) 

Although it is customary to use the actual connected load in equivalent 
square feet of radiation for selecting the size of boiler, this connected load 
usually represents a reserve in heating capacity to provide for infiltration 
in the various spaces of the building to be heated, which reserve, however. 


*!Loc Cit Notes 
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is not in use at all places at the same time, or in any one place at all times. 
For a further discussion of this subject see Chapter 6. 

Hot Water Supply Load 

When the hot water supply (Item 2) is heated by the building heating 
boiler, this load must be taken into consideration in sizing the boiler. The 


o 



OUTPUT. SQ FT. EQUrVALENT STEAM RADIATION (Z40 BTU PER SQ FT ) 


GRATE ARCA,3Q FT. ID 

0 

FUEL— BITUMINOUS b/a* LUMP 

HEATING SURFACEfSQ FT 

254 

ANALYSIS- VOLATILE MATTER 

54 667, 

WEIGHT. LB. 

0160 

FIXED CARBON 

55 44 

FUEL CAPACITY. LB. 

651 

ASH 

0.67 

FUEL AVAILABLE, LB. 

414 

SULPHUR 

2.86 

FUEL DEPTH, IN 

10 

MOISTURE 

5 OO 



BTU PER LB. 

13.655 


Fig. 2. Typical Performance Curves for a 36-in. Cast-Iron Sectional Steam 
Heating Boiler, Based on the A.S H.V.E. Code for Rating Steam 
Heating Solid Fuel Hand-Fired Boilers 

allowance to be made will depend on the amount of water heated and its 
temperature rise. A good approximation is to add 4 sq ft of equivalent 
radiation for each gallon of water heated per hour through a temperature 
range of 100 F. For more specific information, see Chapter 35. 

Piping Tax (Item 3) 

It is common practice to add a flat percentage allowance to the 
equivalent connected Taxation to provide for the heat loss from bare and 
covered pipe in the supply and return lines. The use of a flat allowance of 
26 per cent for steam systems and 35 per cent for hot water systems is 
preferable to ignoring entirely the load due to heat loss from the supply 
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and return lines, but better practice, especially when there is much bare 
pipe, is to compute the emission from both bare and covered pipe surface 
in accordance with data in Chapter 36. With direct radiation served by 
bare supply and return piping the percentages may be higher than those 
stated, while in the case of unit heaters where the output is concentrated 
in a few locations, the piping tax may be 10 per cent or less. 

Wamiing-Up Allowance 

The warming-up allowance represents the load due to heating the boiler 
and contents to operating temperature and heating up cold radiation and 
piping. (See Item 4.) The factors to be used for determining the 
allowance to be made should be selected from Table 3 and should be 
applied to the estimated design load as determined by Items 1, 2 and 3. 

Performance Curvee for Boiler Selection 

In the selection of a boiler to meet the estimated load, the A.S.H.y.E. 
Standard Code for Rating Steam Heating Solid Fuel Hand-Fired Boilers 
recommends the use of performance curves based on actual tests con- 
ducted in accordance with the A.S.H.V-E. Perfonnance Test Code for 
Steam Heating Solid Fuel Boilers (Code No. 3), similar to the typical 
curves shown in Fig. 2. It should be understood that performance data 
apply to test conditions and that a reasonable allowance should be made 
for decreased output resulting from soot deposit, poor fuel or inefficient 
attention. 


Sdlection Based on Heating Surface and Grate Area 

Where performance curves are not available, a good genial rule for 
conventionally-designed boilers is to provide 1 sq ft of boiler heating 
surface for each 14 sq ft of equivalent radiation (240 Btu per square foot) 
represented by the design load consisting of connected radiation, piping 
tax and domestic water heating load. As stated in the section on Boiler 
Output, this is equivalent to allowing 10 sq ft of boiler heating surface per 
boiler horsepower. In this case it is assumed that the maximum load 
including the warming-up allowance will be provided for by operating the 
boiler in excess of the design load, that is, in excess of the 100 per cent 
rating on a boiler-horsepower basis. 

Due to the wide variation encountered in manufacturers' ratings for 
boilers of approximately the same capacity, it is advisable to check the 
grate area required for heating boilers burning solid fuel by means of the 
following formula: 


G 


H 

CXFXE 


(4) 


where 


G » grate area, square feet. 

H = required total heat output of the boiler, Btu per hour (see Selection of Boilers, 
p. 451). 

C = combustion rate in pounds of dry coal per square foot of grate area per hour, 
depending on the kind of fuel and size of boiler as given in Table 1. 

F =* calorific value of fuel, Btu per pound. 

E = efficiency of boiler, usually taken as 0.60. 


Example 1, Determine the grate area for a required heat output of the boiler of 
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500,000 Btu per hour, a combustion rate of 6 lb per hour, a calorific \’alue of 13,000 Btu 
per pound, and an efficiency of 60 per cent 

^ o00,000 in (j. 

^ “ 6 X 13,000 X 0 60 ~ 

The boiler selected should have a grate area not less than that deter- 
mined by Formula 4. With small boilers where it is desired to pro\ide 
sufficient coal capacity for approximately an eight-hour firing period plus 
a 20 per cent reserve for igniting a new charge, more grate area may be 
required depending upon the depth of the fuel pot. 

Selection of Steel Heating Boilers 

Boiler ratings previously described under the Steel Heating Boiler 
Institute's Boiler Rating Code are intended to correspond with the esti- 
mated design load based on the sum of items 1, 2 and 3 outlined on pages 
451 to 453. Insulated residence type boilers for oil or gas may carry 
a net load expressed in square feet of steam radiation of not more than 
17 times the square feet of heating surface in the boiler, pro\’ided the 
boiler manufacturer guarantees the boiler to be capable of operating at a 


Table 4 Boiler Ratings Based on Net Load® 


m.ND Fxbbd Ritikgs 

MxCBANICmiT Fibed Rltctos 

Steam Radiation Sq Ft 

NetLoadb ! 

Stesm Radiation Sq Ft 

Steam Radiation Sq Ft 1 

1 Net Loadb 

1 Steam Radiation Sq Ft 

1,800 

1,389 

2,190 

1,695 

2,200 

1,702 

2,680 


2,600 

2,020 

3,160 

2,461 

3,000 

2,335 

3,650 

2,853 

3,500 

2,732 

4,250 

3,335 

4,000 

3,135 

4,860 


4,500 

3,540 

5,470 


5,000 

3,945 

6,080 

4,834 

6,000 

4,770 

7,290 



5,608 

8,500 

6,885 

8,500 

6,885 

10,330 


10,000 

8,197 

12,150 

10,125 

12,500 

10,417 

15,180 


15,000 

12,500 

18,220 

15,183 

17,500 

14,584 

21,250 

17,708 


16,667 

24,290 

20,242 

25,000 


30,360 


30,000 


36,430 

30,359 

35,000 

29,167 

42,500 

35,417 


^Adopted by the Sted Eeaitng Boiler Insittule in cooperation with the Bureau of Standards, Untied Suites 
Department of Commerce Stmpl^d Practice Recommendahon R 157~S5 

hThe net load is made up by the sum of the estimated design load, items 1 and 2 (pages 451 to 453). All 
net loads are express^ m 70 P For hand fired boiler ratings less than 1800 sq ft of steam or 2880 sq ft of 
water aiid mechamcally fired boiler latmgs of 2190 sq ft of steam or 3500 sq ft of water, apply the factor 
1 3 to the net load to determme the boiler sixe. For water boilers use the equivalent net load for steam 
boilers of similar physical size. 

maximum output of not less than 160 per cent of net load rating with over- 
all efficiency of not less than 75 per cent with at least two different makes 
of each type of standard commercial burner recommended by the boiler 
manufacturer. If the heat loss from the piping system exceeds 20 per cent 
of the installed radiation, tlus excess is to be considered as a part of the net 
load. 
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When the estimated heat emission of the piping (connecting radiation, 
and other apparatus to the boiler) is not known the net load to be con- 
sidered for the boiler may be determined from Table 4. 

Selection of Gas^Fired Boilers 

Gas-heating appliances should be selected in accordance with factors 
given in Table 2, Chapter 28, which include an allowance for heating up 
cold radiation, and for the piping tax. These factors are for thermo- 
statically-controlled systems; in case manual operation is desired, a 
warming-up allowance of 100 per cent is recommended by the A.G A. 
A gas boiler selected by the use of the A.G A. factors will be the minimum 
size boiler which can carry the load. From a fuel economy standpoint, it 
may be advisable to select a somewhat larger boiler and then throttle the 
gas and air adjustments as required. This will tend to give a low stack 
temperature with high efficiency and at the same time provide reserve 
capacity in case the load is underestimated or more is added in the future. 

Conversions 

The conversion of a coal or oil boiler to gas burning is simpler than the 
reverse since little furnace volume need be provided for the proper com- 
bustion of gas. When a solid fuel boiler of 500 sq ft or less capacity is 
converted to gas burning, the necessary gas heat units should be approxi- 
mately double the connected load. The presumption for a conversion 
job is that the boiler is installed and probably will not be made larger; 
therefore, it is a matter of setting a gas-burning rate to obtain best results 
with the available surface. Assuming a combustion efficiency of 76 per 
cent for a conversion installation the boiler output would be 2 X 0.75 
= 1.5 times the connected load, which allows 50 per cent for piping tax 
and pickup. In converting laige boilers, the determination of the re- 
quired Btu input should not be done by an arbitrary figure or factor but 
should be based on a detailed consideration of the requirements and 
characteristics of the connected load. 

An efficient conversion installation depends upon the proper size of 
flue connection. Often the original smoke breeching between the boiler 
and chimney is too large for gas firing, and in this case, flue orifices can be 
used, which are discs provided with an opening of the size for the gas 
input used in this boiler. The size should be based on 1 sq in. of flue area 
for each 7500 hourly Btu input. 

If dampers are found in the breeching they should be locked in position 
so that they will not interfere with the normi operation of the gas burners 
at maximum flow. In the case of large boiler conversions, automatic 
damper regulators proportion the position of the flue dampers to the 
amount of gas flowing and may be substituted for existing dampers. 
Generally in residence conversions automatic dampers are not of the 
proportioning type but close the flue during the off periods of the gas 
burners. Automatic shutoff dampers should be located between the 
backdraft diverter and the chimney flue. Automatic dampers are usually 
designed to operate with electric contact mechanism, but frequently an 
arrangement is utilized which functions with mechanical fluid or gas 
pressure. 

As it will usually be found that several boilers will meet the speci- 
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fications, the final selection of the boiler may be influenced by other con- 
siderations, some of which are 

1. Dimensions of boiler. 

2. Durability under service. 

3. Convenience in firing and cleaning 

4. Adaptability to changes in fuel and kind of attention. 

5. Height of water line. 

In large installations, the use of several smaller boiler units instead of 
one larger one will obtain greater flexibility and economy by permitting 
the operation, at the best efficiency, of the required number of units 
accor^ng to the heat requirements. 

Boiler rooms should, if possible, be situated at a central point with 
respect to the building and should be designed for a maximum of natural 
light. The space in front of the boilers should be sufficient for firing, 
stoking, ash removal and cleaning or renewal of flues, and should be at 
least 3 ft greater than the length of the boiler firebox. 

A space of at least 3 ft should be allowed on at least one side of every 
boiler for convenience of erection and for accessibility to the various 
dampers, cleanouts and trimmings. The space at the rear of the boiler 
should be ample for the chimney connection and for cleanouts, and with 
large boilers tihe rear clearance should be at least 3 ft in width. 

The boiler room height should be suSident for the location of boiler 
accessories and for proper installation of piping. In general the ceiling 
height for small steam boilers should be at least 3 ft above the normal 
boiler water line. With vapor heating, espedally, the height above the 
boiler water line is of vital importance. 

When steel boilers are used, space should be provided for the removal 
and replacement of tubes. 

CONNECTIONS AND FITTINGS 

The velodty of flow through the outlets of low pressure steam heating 
boilers should not exceed 16 to 25 fps if fluctuation of the water line and 
undue entrainment of moisture are to be avoided. Steam or water outlet 
connections preferably should be the full size of the manufacturers’ 
tapping and should extend vertically to the maximum height available 
above the boiler. For gravity drculating steam heating systems, it is 
recommended tihat a Harford Loop, described in Chapter 32, be utilized 
in maldng tie return connection. 

Particular attention should be given to fitting connections to secure con- 
formity with the A.S.M.E. Boiler Construction Code for Low Pressure 
Heating Boilers. Attention is called in particular to pressure gage piping, 
water gage connections and safety valve capadty. 

Steam gages should be fitted with a water seal and a shut-off consisting 
of a cock with either a tee or lever handle which is parallel to the pipe 
when the cock is open. Steam gage connections should be of copper or 
brass when smaller than 1 in. I.P.S? if the gage is more than 5 ft from the 


•AS ME. Code, Identiiicatioii of Piping Systems. 
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boiler connection, and also in any case where the connection is less than 
yi in. I.P.S. 

Each steam or vapor boiler should have at least one water gage glass and 
two or more gage cocks located within the range of the \TsibIe length of the 
glass. The water gage fittings or gage cocks may be direct connected to 
the boiler, if so located by tiie manufacturer, or may be mounted on a 
separate water column. No connections, except for combustion re^- 
lators, drains or steam gages, should be placed on the pipes connecting 
the water column and the boiler. If the water column or gage gla^ is con- 
nected to the boiler by pipe and fittings, a cross, tee or equivalent, in which 
a deanout plug or a drain valve and piping may be attached, should be 
placed in the water connection at every right-angle turn to fadlitate 
deaning. The water line in steam boilers should be carried at the level 
spedfi^ by tie boiler manufacturer. 

Safety valves should be capable of dis^arging all the steam that can be 
generated by the boiler without allowing the pressure to rise more than 
6 lb above the maximum allowable worlang pressure of the boiler. This 
should be borne in mind particularly in the case of boilers equipped with 
mechanical stokers or oil burners where^ the amount of grate^ area has 
little significance as to the steam generating capadty of the boiler. 

Where a return header is used on a cast-iron sectional boiler to distribute 
the returns to both rear tappings, it is advisable to provide full size 
plugged tees instead of elbows where the branch connections enter the 
return tappings. This fadlitates deaning sludge from the bottom of the 
boiler sections through the large plugged openings. An equivalent clean- 
out plug should be provided in the case of a single return connection. 

Blow-off or drain connections should be made near the boiler and so 
arranged that the entire system may be dr^ed of water by opening the 
drain code. In the case of two or more boilers separate blow-off connec- 
tions must be provided for each boiler on the boiler side of the stop valve 
on the main return connection. 

Water service connections must be provided for both steam and water 
boilers, for refilling and for the addition of make-up water to boilers. This 
connection is usually of galvanized steel pipe, and is made to the return 
main near the boiler or boilers. 

For further data on pipe connections for steam and hot water heating 
systems, see Chapters 32 and 33 and the A,S,M.E, Boiler Construction 
Code for Ix)w Pressure Heating Boilers. 

Smoke Breeching and Chimney Connections, The breeching or smoke 
pipe from the boiler outlet to the chimney should be air-tight and as short 
and direct as possible, preference being given to long radius and 45-deg 
instead of 90-d^ bends. The breeching entering a brick chimney should 
not project beyond tihe flue lining and where practicable it should be 
grouted up from the inside of the chimney. A thimble or sleeve grout 
usually is provided where the breeching enters a brick chimney. 

Where a battery of boilers is connected into a breeching each boiler 
should be provided with a tight damper. The breeching for a battery 
of boilers should not be reduced in size as it goes to the more remote 
boilers. Good connections made to a good chimney will usually result in 
a rapid response by the boilers to demands for heat. 
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ERECTION, OPERATION, AND MAINTENANCE 

The directions of the boiler manufacturer always should be read before 
the assembly or installation of any boiler is started, even though the 
contractor may be familiar with the boiler. All joints requiring boiler 
putty or cement which cannot be reached after assembly is complete 
must be finished as the assembly progresses. 

The following precautions should be taken m all installations to prevent 
damage to the boiler* 

1 There should be p^o^^ded proper and convenient drainage connections for use if 
the boiler is not in operation dunng freezing weather 

2. Strains on the boiler due to movement of piping during expansion should be 
prevented by suitable anchormg of piping and by proper provision for pipe expansion 
and contraction. 

3 Direct impingement of too intense local heat upon any part of the boiler surface, 
as with oil burners, should be avoided by protecting the surface with firebrick or other 
refractory material. 

4 Condensation must flow back to the boiler as rapidly and uniformly as possible. 
Return connections should prevent the water from baclang out of the boiler. 

5 Automatic boiler feeders and low water cut-off devices which shut off the source 
of heat if the water in the boiler falls below a safe level are recommended for boilers 
mechanically fired 

Boiler Troubles 

A complaint regarding boiler operation generally will be found to be 
due to one of the following: 

1. The hoUer fails to deliver enough heat. The cause of this condition may be* (fl) poor 
draft, (6) poor fuel, (c) infenor attention or firing, (d) boiler too small, {e) improper 
piping, (f) improper arrangement of sections, (g) heating surfaces covered with soot; 
and (h) insuffiaent radiation installed. 

2. The water Une %s unsteady. The cause of this condition may be : (a) grease and dirt 
in boiler, (&) water column connected to a very active section and, therefore, not 
show’ing actual water level in boiler; and (c) boiler operating at excessive output. 

3. Water disappears from gage glass This may be caused by: (a) priming due to 
grease and dirt in boiler, (6) too great pressure difference between supply and return 
piping preventing return of condensation; (c) valve closed in return line; (d) connection 
of bottom of water column into a very active section or thin wraterway, and (c) improper 
connections between boilers in battery permitting boiler with excess pressure to push 
returning condensation into boiler with lower pressure. 

4 Waier is earned over into steam mam. This may be caused by; (a) grease and dirt 
in boiler; (6) insufficient steam dome or too small steam liberatmg area; (c) outlet con- 
nections of too small area, (d) excessive rate of output; and (c) water level carried 
higher than specified. 

5. Boiler is slow in response to operation of dampers This may be due to (a) i^r 
draft due to air leaks mto chimney or breeching, ip) infenor fuel; (c) inferior attention; 
(d) accumulation of clinker on grate; («) boiler too small for the load. 

6. Boiler requires too frequent cleaning of flues. This may be due to: (a) poor draft; 
(J) smoky combustion, (c) too low a rate of combustion, and (d) too much excess air 
in firebox causing chilling of gases. 

7. Boiler smokes through fire door. This may be due to: (a) defoAive draft in chinmey 
or incorrect setting of dampers, (6) air leaks into boiler or breeching; (c) gas outlet from 
firebox plugged with fuel, (d) dirty or closed flues; and {e) improper reduction in 
breeching size. 

Cleaning Steam Boflera 

All boilers are provided with flue dean-out openings through which the 
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heating surface can be reached by means of brushes or scrapers. Flues 
of solid fuel boilers should be cleaned often to keep the surfaces free of 
soot or ash. Gas boiler flues and burners should be clewed at least once 
a year. Oil burning boiler flues should be examined periodically to deter- 
mine when cleaning is necessary. 

The grease used to lubricate the cutting tools during erection of new 
piping systems serves as a carrier for sand and dirt, with the result that 
a scum of fine particles and grease accumulates on the surface of the 
water in all new boilers, while heavier particles may settle to the bottom 
of the boiler and form sludge. These impurities have a t^dency to cause 
foEiming, preventing the generation of steam and causing an unsteady 
water line. 

This unavoidable accumulation of oil and grease should be removed 
by blowing off the boiler as follows: If not ^ready provided, install a 
surface blow connection of at least IJi in. nominal pipe size with outlet 
extended to within 18 in. of the floor or to sewer, inserting a valve in line 
close to boiler. Bring the water line to center of outlet, raise steam pres- 
sure and while fire is burning briskly open valve in blow-off line. When 
pressure recedes close valve and repeat process ad^ng water at intervals 
to maintain proper level. As a final operation bring the pressure in the 
boiler to about 10 lb, close blow-off, draw the fire or stop burner, and open 
drain valve. After boiler has cooled partly, fill and flush out several times 
before filling it to proper water level for normal service. The use of soda, 
or any alkali, vin^ar or any acid is not recommended for cleaning heating 
boilers because of the difficulty of complete removal and the possibility 
of subsequent injury, after the cleaning process has been completed. 

Insoluble compounds have been developed which are effective, but 
special instructions on the proper cleaning compound and directions for 
its use in a boiler, as given by the boiler manufacturer, should be carefully 
followed. 

It is common practice when starting new installations to discharge 
heating returns to the sewer during the first week of operation. This 
prevents the passage of grease, dirt or other foreign matter into the boiler 
and consequently may avoid the necessity of cleaning the boiler. During 
the time the returns are being passed to the sewer, tiie feed valve should 
be cracked sufficiently to maintain the proper water level in the boiler. 

Care of Idle Heating Boilers 

Heating boilers are often seriously damaged during summer months 
due chiefly to corrosion resulting from the combination of sulphur from 
the fuel with the moisture in the cellar air. At the end of the heating 
season the following precautions should be taken: 

1. ^ All heating surfaces should be cleaned thoroughly of soot, ash and residue, and the 
heating surfaces of steel boilers should be given a coating of lubricating oil on the fire 
side. 

2. All machined surfaces should be coated with oil or grease. 

3. Connections to the chimney should be cleaned and in case of small boilers the pipe 
tiiould be placed in a dry place after cleaning. 

4. If there is much moisture in the boiler room, it is desirable to drain the boiler to 
prevent atmospheric condensation on the heating surfaces of the boiler when they are 
below the dew-point temperature. Due to the hazard of some one inadvertently building 
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a fire in a dry boiler, however, it is safer to keep the boiler filled with water A hot water 
system usually is left filled to the expansion tank 

5 The grates and ashpit should be cleaned. 

6 Clean and repack the gage glass if necessary. 

7. Remove any rust or other deposit from exposed surfaces by scraping with a wire 
br^h or sandpai^ After boiler is thoroughly cleaned, apply a coat of preser\"ative 
paint where required to external parts normally painted 

8. Inspect all accessories of the boiler carefully to see that they are in good working 
order. In this connection, oil all door hinges, damper bearings and relator parts 

BOILER INSULATION 

Insulation for cast-iron boilers is of two general types: (1) plastic 
material or blocks wired on, cemented and covered with canvas or duck; 
and (2) blocks, sheets or plastic material covered with a metal jacket 
furnished by the boiler manufacturer. Self-contained steel firebox boilers 
usually are insulated with blocks, cement and canvas, or rock wool 
blankets; HRT boilers are brick set and do not require insulation beyond 
that provided in the setting. It is essential that the insulation on a boiler 
and adjacent piping be of non-combustible material as even slow-burning 
insulation constitutes a dangerous fire hazard in case of low water in 
the boiler. 
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A.S.H.V.E. Standard and Short Form Heat Balance Codes for Testmg Low-Pressure 
Steam Heating Solid Fuel Boilers (Codes 1 and 2). 
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Heating, Ventilating and Air Conditioning, by Hzurding and Willard, Revised Edition, 
1932. 

A.S*M.E, Boiler Construction Code for Low Pressure Heating Boilers. 

Heating, Piping and Air Conditioning Contractors National Association Standards 
(boiler sdection tables). 
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PROBLEMS IN PRACTICE 

1 • Wliat basic requirements of boiler design are to be a€MM>mpljbsbed with a 
combination boiler and oil burner unit? 

Combination units vary widely but in general, the basic requirements of design depends 
upon a combustion chamber of proper derign and arranged for the flame shape with 
adequate heating surface for the complete combustion of the fuel. 

2 # Name the construction materials that distinguish two types of low pressure 
heating boilers. 

a Cast-iron. 

I, Steel. 
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3 # What is the normal rating range of each type of boiler? 

a. Cast-iron boilers are rated at from 200 to 18,000 sq ft EDR 

b. Steel boilers are rated at from 300 to 50,000 sq ft EDR 

4 # a. What is meant by direct boiler heating surface? 

h. What is meant by indirect boiler heating surface? 

a. Direct boiler heating surface is that boiler surface upon which the fire shines, namely, 
the walls of the firebox and the crown sheet. 

b. Indirect boiler heatine surface is that boiler surface not exposed to the direct rays of 
the fire and over which heated gases pass after they have been m contact with the 
direct surface. Indirect surface is generally known as convective surface. 

5 • What is the average heat transmbsion rate in heating hollers in Btu per 
sq ft of heating surface per hour? 

3500 for coal burning boilers; 4200 for oil burning boilers 

6 # What factors contribute to economical fuel operation in low pressure 
boilers burning coal or oU? 

а. Proper furnace volume for complete combustion. 

б. Arrangement of heating surfaces in series to create a turbulent and scrubbing contact 
of gases agamst the convective surfaces. 

c. Rapid internal water circulation which wnll remove steam bubbles from the wrater 
side of heating surfaces and allow other steam bubbles to be formed Rapid disen- 
gagement of steam bubbles increases the steam generating effiaency of each unit 
area of heating surface, and thereby lowers flue gas temperatures 

7 • What equipment b usually directly attached to a low pressure heating 
boiler? 

For coal burning steam boilers water column, water gage, tn-cocks, steam gage, lever 
pop safety valve, boiler damper regulator 

For coal burning hot water boilers, damper regulator, altitude gage, thermometer, rehef 
valve 

For oil burning boilers, the damper r^ulators are oimtted and the following additional 
equipment is usually attached* automatic water feeder, low water cutout, a pressure 
control, and a water temperature control. These are generally furnished by the oil 
burner manufacturer and do not come with the boiler. 

8 • What general precautions regarding the boiler should be taken to make 
sure a proposed heating installation will work properly? 

a. Select the nght size and type of boiler. 

b. Be sure the combustion space is proper for the type of fuel burned. 

c. Allow sufilcient space around the boiler for cleaning. 

d. Secure proper height and area of chimney and connecting breeching. 

e. Clean the boiler thoroughly and provide surface blowoff connections and bottom 
blowoff connections for penodic cleaning after operation is begun. 

/. See that the boiler heating surface is cleaned at regular penods. 

g. Check flue gas temperatures and make a flue gas analysis at least once a month. 

h. Secure information and advice from boiler manufacturer. 

9 # Below what temperature should the water in direct water heaters be main- 
tained to reduce scale formation and corrosion? 

140 F. 

10 • a. What b the heat equivalent of a boiler horsepower? 

b. How many square feet of heating surface are usually required per 
boiler horsepower? 

a. 33,471.9 Btu per hour. 

b, 10 sq ft. 
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CHIMNEYS AND DRAFT CALCULATIONS 

Natural Drafts Mechanical Draft, Characteristics of Natural 
Draft Chimneys, Determining Chimney Sises, General Equation, 
Chimney Construction, Chimneys for Gas Heating 

T he design and construction of a chimney is so important a part 
of the heating engineer’s work that a general knowledge of draft 
characterictics and calculations is essential. 

Draft, in general, may be defined as the pressure difference between the 
atinospheric pressure and that at any part of an installation through 
which the gases flow. ^ Since a pressure difference implies a head, draft 
is a static force. ^ While no element of motion is inferred, yet motion 
in the forin of circulation of gases throughout an entire boiler plant 
installation is the direct result of draft. This motion is due to the pressure 
difference, or unbalanced pressure, which compels the gases to flow. Draft 
is often deissified into two kinds according to whether it is created 
thermally or artificially, viz, (1) natural or thermal draft, and (2) arti- 
ficial or mechanical dr^t. 

Natural Draft 

Natural draft is the difference in pressure produced by the difference in 
weight between the relatively hot gases inside a natural draft chimney and 
an equivalent column of the cooler outside air, or atmosphere. Natural 
draft, in other words, is an unbalanced pressure produced thermally by a 
natural draft chimney as the pressure transformer and a temperature 
difference. The intensity of natural draft depends, for the most part, 
upon the height of the chimney above the grate bar level and also the 
temperature difference between the chimney gases and the atmosphere. 

A t3rpical natural draft system consists essentially of a relatively tall 
chimney built of steel, brick, or reinforced concrete, operating with the 
relatively hot gases which have passed through the boilers and accessories 
and from whidi all the heat has not been extracted. Hot gases are an 
essential element in the operation of a natural draft system, although 
inherently a heat balance loss. 

A natural draft chimney performs the two-fold service of assisting in 
the creation of draft by aspiration and also of discharging the gases at an 
elevation sufficient to prevent them from becoming a nuisance. 

Natural dreift is quite advantageous in installations where the total loss 
of draft due to resistances is relatively low and also in plants which have 
practically a constant load and whose boilers are seldom operated above 
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their normal rating. Natural draft systems have been, and are still being, 
employed in the operation of large plants during the periods when the 
boilers are operated only up to their normal rating. When the rate of 
operation is increased above the normal rating, some form of mechanical 
draft is employed as an auxiliary to overcome the increased resistances or 
draft losses. Natural draft systems are used almost ^clusively in the 
smaller size plants where the amount of gases generated is relatively small 
and it would be expensive to install and operate a mechanical draft 
system. 

The principal advantages of natural draft systems may be summarized 
as follows: (1) simplicity, (2) reliability, (3) freedom from mechanical 



Fig. 1. General Operating Characteristics of Typical Induced Draft Fan 

parts, (4) low cost of maintenance, (5) relatively long life, (6) relatively 
low depreciation, and (7) no power required to operate. The principal 
disadvantages are: (1) lack of flexibility, (2) irregularity, (3) affected 
by surroundings, and (4) affected by temperature changes. 

Mechanical Draft 

Artificial draft, or mechanical draft, as it is more commonly called, is a 
difference in pressure produced either directly or indirectly by a forced 
draft fan, an induced draft fan, or a Venturi chimney as the pressure 
transformer. Thp intensity of mechanical draft is dependent for tibe most 
part upon the size of the fan and the speed at which it is operated. The 
element of temperature does not enter into the creation of mechanical 
draft and therefore its intensity, unlike natural draft, is independent of the 
temperature of the gases and the atmosphere. Mechanical draft indudes 
the induced and Venturi types of draft systems in which the pressure 
difference is the result of a suction, and also the forced draft system in 
which the pressure difference is the result of a blowing. Mechanical draft 
systems tend to produce a vacuum or a plenum, as the system used in its 
production creates a pressure difference below, or above, atmospheric 
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Fig. 2. Operating Characteristics op Typical Centrifugal Pump 

pressure, respectively. A mechanical draft system may be used either in 
conjunction with, or as an adjunct to, a natural draft system. 

CHARACTEBISTICS OF CSEJIMNEYS 

In order to analyze the performance of a natural draft chimney, it may 
be advantageous to compare its general operating characteristics with 
those of a centrifugal pump and also of a centrifugally-induced draft fan, 
there being a similarity among the three. Figs. 1, 2 and 3 show the 
general operating characteristics of a typical centrifugally-induced draft 
fan, a t5^ical centrifugal pump, and a typical natural draft chimney, 
respectively. The draft-capacity curve of the chimney corresponds to 
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Fig. 3. Typical Sex of Operating Characteristics of a Natural Draft Chimhet 
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the head-capacity curve of the pump and also to the dynamic-head 
capacity curve of the fan. 

When the gases in the chimney are stationary, the draft created is 
termed the theoretical draft. When the gases are flowing, the theoretical 
intensity is diminished by the draft loss due to friction, the difference 
between the two being termed the total available draft. The general 
equation for this net total available draft intensity of a natural draft 
chimney with a circular section is as follows: 


where 


Pa 


2.96ff5o 


0 . 00126 JF»rc/L 

Tc) I>BoWc 


( 1 ) 


Pa = available draft, indies of water 
H = height of chimney above grate bars, feet. 

Bq == barometric pressure corresponding to altitude, inches of mercury 
Wq = unit weight of a cubic foot of air at 0 F and sea level atmospheric pressure, 
pounds per cubic foot. 

Wc — unit weight of a cubic foot of chimney gases at 0 F and sea level atmospheric 
pressure, pounds per cubic foot 
To =» absolute temperature of atmosphere, d^ees Fahrenheit. 

Tc = absolute temperature of chimney gases, d^ees Fahrenheit. 

W = amount of gases generated in the combustion chamber of the boiler and passing 
through the chimney, pounds per second. 

/ =* coefficient of friction. 

L = length of friction duct of the chimney, feet. 

P =» minimum diameter of chimney, feet. 


The first term of the right hand expression of Equation 1 represents 
the theoretical draft intensity, and the second term, the loss due to friction. 


Example 1. Determine the available draft of a natural draft chimney 200 ft in height 
£uid 10 ft in diameter operating under the following conditions- atmospheric tempera- 
ture, 62 F; chimney gas temperature, 500 F, sea level atmospheric pressure, Bq = 29.92 
in. of mercury; atmosphenc and chimney gas density, 0 0863 and 0 09, respectively; 
coeflEicient of friction, 0.016; length of friction duct, 200 ft The chimney discharges 
100 lb of gases per second 

Substituting these values in Equation 1 and reducmg. 


Pa 


2.96 X 200 X 29.92 X 


0.09\ 0.00126 X 100« X 960 X 0 016 X 200 

m) 10« X 29.92 X 0.09 


= 1.27 - 0.14 = 1 13 in. 


Fig. 3 shows the variation in the available draft of a typical 200 ft by 
10 ft chimney operating under the general conditions noted in Example 1. 
When the chimney is under static conditions and no gases are flowing, the 
available draft is equal to 1.27 in. of water, the theoretical intensity. As 
the amount of gases flowing increases, the available intensity decreases 
until it becomes zero at a gas flow of 297 lb per second, at whidh point the 
draft loss due to friction is equal to the theoretical intensity. The draft- 
capacity curve corresponds to the head-capacity curve of centrifugal 
pump characteristics and the dynamic-head-capacity curve of a fan. The 
point of maximum draft and zero capacity is called shut-off draft, or point 
of impending delivery, and corresponds to the point of shut-off head of a 
centrifugal pump. The point of zero draft and maximum capacity is 
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called the wide open point and corresponds to the wide open point of a 
centrifugal pump. A set of operating characteristics may be developed 
for any size chimney operating under any set of conditions by substituting 
the proper values in Equation 1 and then plotting the results in the 
manner shown in Fig. 3. 

In substituting the values for the various factors in Equation 1, care 
should be exercised that the selections be as near the actual conditions as 
is practically possible The following notes will serv^e as a guide for these 
selections: 

_ 1. The barometric pressure vanes inversely as the altitude of the plant above sea level. 
Fig. 4 gives the barometnc pressure corresponding to various elevations as computed 
from the equation* 

£i = 62,737 log,. (2) 

where 

El — altitude of plant above sea level, feet. 



1000 2000 3000 4000 5000 6000 7000 

Corresponding Altitude above Sea Level, ft 

Fig. 4. Relation Between Barometric Pressure and Altitude 


In general, the barometric pressure decreases approximately 0.1 in. of mercury per 100 
ft increase in elevation. 

2. The unit weight of a cubic foot of chimney gases at 0 F and sea level barometric 
pressure is given by the equation: 

Wc “ O.lSlCft + 0 095 Ox + 0.083 Nx (3) 

In this equation COj, 0% and Nx represent the percentages of the parts by volume of the 
carbon dioxide, oxygen and mtrogen content, respectively, of the gas analyris. For 
ordinary operating conditions, the value of Wq may be assumed at 0.09 

The density effect on the chimney gases due to superheated water vapor resulting 
from moisture and hydrogen in the fuel, or due to any air infiltrations in the chimney 
proper are here disr^;ard^. Though water vapor content is not disclosed by Orsat 
analysis, its presence tends to reduce the actual weight per cubic foot of chimney gases. 

3. The atmospheric temperature is the actual observed temperature of the outside air 
at the time the analysis of the opmting chimney is made. The mean atmospheric 
temperature in the temperate zone is approximately 62 F. 

4. The chimney gas temperature does not vary appreciably from the gas temperature 
as it leaves the brewing and enters the chimney. For average operatiz^ conditions, the 
chimney gas temperature will vary between 500 F and 650 F excqpt in the case when 
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economizers and recuperators are used, when the temperature will vary between 300 F 
and 450 F. If a chimney has been properly constructed, properly lined and haa no air 
infiltration due to open joints, the temperature of the gases throughout the chimney will 
not differ appreciably from the forgoing figures. In most up-to-date heating plants, the 
temperature may be read from instruments or ascertain^ from a pyrometer. The 
analysis of this section is predicated on the assumption of constant gas temperature and 
no air infiltration throughout the height of the chimney. 

5 The coefficient of /nation between the chimney gases and a sooted surface has b^n 
taken by many workers in this field as a constant value of 0.016 for the conditions in- 
volved. This value, of course, would be less for a new unlined steel stack than for a 
brick or brick-lmed chimney, but in time the inside surface of all chimneys regardless of 
the materials of constiiiction becomes covered with a layer of soot, and thus the coef- 
ficient of fnction has been taken the same for all types of chimneys and in general 
constant for all conditions of operation For reasons of simpliaty and convenience to 



Fig. 5. Variation of Friction Factor f with Reynolds Number 


the reader, this constant value of 0.016 has been employed in the development of the 
various special equations and charts shown in this chapter. 

However, much to be recommended as an alt^ate method is the practise of separ- 
ately determining duct friction factors as a function of the flow conditions, specifically 
as a function of the Reynolds number and the relative duct roughness The Reynolds 
critenon is based on the i^hysical properties of the gas, the duct dimensions, and the gas 
vdodty. The gas velocity for a chimney is usually well above the critical velocity. 
It is Ukdy that this procedure of using a separately determined variable friction factor 
for chimney flow will give results that are to be preferred over those based on a set 
constant. 

The Reynolds number, a dimensionless ratio, may be stated as follows: 


r - 

where 


(4) 


D *= chimney diameter, feet 

V = velocity of hot gas, feet per second. 

p = mass density of the chimney gas per cubic foot 

p. = viscosity of the gas in pounds-second per square foot taken at the gas tem- 
perature. 
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In another form: 


1 27 W 


0 0396 W 


W — weight of gas passed per second 
g = acceleration of gra\ity. 

The value of for chimney gases is usually taken as that of air or nitrogen, and for the 
variation of \l with temperature, the Sutherland equation may be employed as follows, 
giving [L in pounds-second per square foot: 




Tc = chimney gas temperature, degrees Centngrade. 
tJo = gas viscosity at 0 C 
C = constant for specific gas 

Using International Critical Table values, for air 1*0 = 35 6 X 10^, C = 12-i, for 
nitrogen ijlq = 34 6 X 10-8; and C = 110 

Values for the viscosity of air and of nitrogen ^the principal component of chimney 
gases) for the different temperatures follow, in which the \'alues given in pounds-second 
per square foot are to be multiplied by 10-8 


Temp F 

300 

400 

500 

600 

700 

800 

Air 

49 7 

54.5 

58.5 

62.5 

66 7 

70 5 

Nitrogen 

47 7 

52 2 

56 0 

59 8 

63 5 

67 0 


Example 2. To determine the Reynolds number Cr for a flow of 118 lb gas per second 
up a 12 ft diameter chimney at a temperature of 500 F. The gas may be assumed to 
have the same viscosity as nitrogen at 500 F. Using Equation 5. 


Cr = 0 0396^ = 


00396 X 118 
12 X 56.0 X 10-8 


= 698,000 


The variation of the friction factor /with the Reynolds number is shown in Fig. 5^. 
Three curves are shown: A, B, and C, where the choice of the fnction factor curve 
depends on the relative surface roughness, and this for usual chimney construction may 
be selected by size since surface conditions in service are alwaj’s undeterminant. For 
sizes up to 3 ft in diameter, Curve C may be used; from 3 to 6 ft, Curve B ; and from 6 ft 
upwards, Curve A Thus for the previous example with Cr = 698,000 and 12 ft diameter, 
/ would be taken from Curve A as 0.0039. 

6 . The length of the fnction duct is the vertical distance between the bottom of the 
breediing opening and the top of the chimney. Ordinarily this distance is approximately 
equal to the height of the chimney above the grate level. 

7 . Assuming no air infiltration the amount of gases flowing and being discharged is, 
of course, equal to the amount of gases generated m the combustion chamber of the 
boiler. The total products of combustion in poimds per second for a grate fired boiler 
may be computed from the equation: 

w - ( 6 ) 

3600 ^ 

where 

Cg = pounds of fuel burned per square foot of grate surface per hour. 

G = total grate surface of boilers, square feet. 

CgX G = total weight of fuel burned per hour. 

=3 total weight of products of combustion per pound of fuel. 

A similar computation may be made in the case of gas, oil, or stoker-fired fuel. 


isee also Flow of Fluids in Closed Circuits, by R. J. S. Pigott {Mechamcai Engtneeringf August, 1933). 
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Fig. 6 is a typical chimney performance chart giving the available draft 
intensities for various amounts of gases flowing amd sizes of chimney. 
This chart is based on an atmospheric temperature of 62 F, a chimney gas 
temperature of 500 F, a unit chimney gas weight of 0.09 lb per cubic foot, 
sea level atmospheric pressure, a coefficient of friction of 0.016, and a 
friction duct length equal to the height of the chimney above the grate 
level. These curves may be used for general operating conditions. For 
specific operating conditions, a new chart should be constructed from 
Equation 1. 

It has been the usual custom, and still is to a lamentably great extent. 



Fig. 6. Chdimet Performance Charts 

•^To solve a typical example: Proceed honzontally from a Weight Flow Rate pomt to mtersection with 
diameter luxe; from thia mtonectioii follow vertically to chimney height hne, from this mtersection follow 
horizontally to the right to Available Draft wale Starting from a pomt of Available Draft, take steps m 
reverse order 

to select the required size of a natural draft chimney from a table of 
chimney sizes based only on boiler horsepowers. After the ultimate 
horsepower of the projected plant had been determined, the chimney size 
in the table corresponding to this figure was then selected as the proper 
size required. Generally, no further attempt was made to determine if 
llie height thus selected was sufficient to help create the required draft 
demanded by the entire installation, or the diameter sufficiently large to 
enable the chimney quickly, efficientiy, and economically to dispose of the 
gases. ,Since the operating characteristics of a natural draft chimney are 
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similar in all respects to those of a centrifugd pump, or a centrifugal fan, 
it is no more possible to select a proper size chimney from such a table, 
even with correction factors appended, than it is to ^ect the proper size 
pump from tables based only on the amount of water to be delivered. 


DETERMINING CHIMNEY SIZES 


The required diameter and height of a natural draft chimney are given 
by the following equations: 




Dr 


D = 0.288 


0 mfWcBoV^ 
TcD 


WTc 


BoWcV 


where 


(7) 

( 8 ) 


H « required height of chimney above grate bar level, feet. 

D = required minimum diameter of chimney, feet (constant for entire height). 

V *= chimney gas velocity, feet per second. 

Dr = total required draft demanded by the entire installation outside of the chimney, 
inches of water 


Equations 7 and 8 give the required size of a natural draft chimney with 
all of the operating factors taken into consideration. Values for all of the 
factors with the exception of the chimney gas velocity may be dther 
observed or computed. It is, of course, necessary to assume an arbitrary 
value for toe velocity in order to arrive at some definite size. For any one 
set of operating contotions there will be as many sizes of chimneys as there 
are values of reasonable vdodtjes to assume. Of the numb^ of sizes 
corresponding to the various assumed velocities, there is one size which 
will be least expensive. Since toe cost of a chimney structure, regardless 
of toe kind of material used in toe construction, varies as the volume of 
material in toe structure, toe cost criterion then may be represented by 
the approximate equation: 

Q = TmD (9) 


where 

Q = volume of material, cubic feet. 
t =« average wall thickness, feet. 

For all practical purposes, the value of may be taken as a constant 
r^ardless of the size of the structure. Hence, in general, the volume, and 
consequently toe cost, of a chimney structure may be based on toe factor 
HD as a criterion. Therefore, toe value of toe chimney gas velocity which 
will result in the least value of HD for any one set of operating con- 
ditions will produce a structure which will be toe most economical to use, 
because its cost wiU be least. 

The problem at hand is to deduce an equation for toe chimney gas 
velocity which will result in a combination of a height and a dimeter 
whose product HD will be least. The solution is obtained by equating toe 
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product of Equations 7 and 8 to HD, differentiating this product with 
respect to V and equating the resulting expression to zero. This pro- 
cedure results in the following expression: 


Ve 



where 7© = economical chimney gas velocity, feet per second. 


( 10 ) 


Height of Chimney, ft 



Fig. 7. Economical Chimney Sizbs^ 

aDiameter values also for gaa tempezatures of 400. 600 and 600 F. 


Equation 10 gives the economical velocity of the chimney gases for 
any set of operating conditions, and represents the velocity which will 
result in a chimney the size of which will cost less than that of any other 
size as determined by any other velocity for the same operating con- 
ditions. After the value of the economical velocity has been determined, 
the corresponding height and diameter can then be determined from 
Equations 7 and 8, respectively, and the economical -size will then be 
attained. Equations 7, 8 and 10 may be simplified considerably for 
averse operating conditions in an average size steam plant by assuming 
typic^ conditions- 
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Average chimney gas temperature, 500 F Tc 960 

Mean atmospheric temperature, 62 F- To - 522 

Average coefficient of friction, 0 016 ./ = 0 016 

Average chimney gas density, 0 09.^ =* 0 09 

Sea level elevation, with barometer of 29 92. Bo =« 29 92 

Substituting these values in Equations 10, 8 and 7, respectively, and 
reducing, the results are substantially: 

Fe = 13.7IF^^® (11) 

P = 1 (12) 

H = 190Pr (13) 


7 gives the economical chimney sizes for various amounts of gases 
flowing and for required draft intensities as computed from Equations 11, 
12 and 13. They are based on the operating factors used in reducing 
Equations 7, 8 and 10 to their simpler form. The sizes shown by the 
curves in the chart should be used for general operating conditions only, 
or for installations where the required data necessary for an exact deter- 
mination are difficult or impossible to secure. Whenever it is possible to 
secure accurate data, or the anticipated operating conditions are fairly 
well known, the required size should be determined from Equations 7, 
8 and 10. The recommended minimum inside dimensions and heights of 
chimneys for small and medium size installations are given in Table 1. 

GENEEIAL EQUATION 

The general draft equation for a steam producing plant may be stated 
as follows: 

Dt — hf ^ hF + hB + hBd + he + hBr + hv + ho + hE + hK (14) 

where 

Dt theoretical draft intensity created by pressure transformer, inches of water. 
hf — draft loss due to friction in pressure transformer, inches of water. 
hF = draft loss through the fuel bed, inches of water. 

Jib = draft loss through the boiler and setting, inches of water. 
hBr =* draft loss through the breeching, inches of water. 
hv =“ draft loss due to velocity, inches of water. 
hBd ** draft loss due to bends, inches of water. 
he = draft loss due to contraction of opening, inches of water. 
ho = draft loss due to enlargement of opening, inches of water. 
hE =* draft loss through the economizer, inches of water. 

Ar = draft loss through recuperators, r^enerators, or air heaters, inches of water 

The left hand member of Equation 14 represents the total amount of 
available draft created by the pressure transformer, that is, the natural 
draft chimney, Venturi diimney, or fan, and is equal to the theoretical 
intensity less the internal losses incidental to operation. The right hand 
member represents the sum of all of the various losses of draft throughout 
the entire boiler plant installation outside of the pressure transformer 
itself. The left hand member expresses the available intensity and is 
analogous to the head developed by a centrifugal pump in a water works 
system, while the right hand member expresses the required draft in- 
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tensity and is analogous to the total dynamic head in a water works 
system. For a general circulation of gases 

Da = Dr (15) 

where 

Da = available draft intensity, inches of water 
Dr = required draft, inches of water. 

The draft loss through the fuel bed Qif), or the amount of draft requir^ to 
effect a given or required rate of combustion, varies between wide limits 
and represents the greater portion of the required draft. In coal-fired 


Table 1. Recommended Minimum Chimney Sizes for 
Heating Boilers and Furnaces a 
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1,140 




10 

79 



900 


13x13 


127 





900 

1,490 

8J^xl8 

6Hxl6H 

no 





1,100 

■] 1 




12 

113 

40 


1,700 

w 1 

13x18 


183 





1,940 

K 1 fjfiU 




15 
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18 
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20 
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55 
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60 
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24 
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65 
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27 
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10,150 

16,750 



900 




i 

10,470 

17,250 


28 X 32b 

896 





^This table is taken from the A.S.H.V.E. Code of Minimum Requirements for the Heating and Venti* 
ladon of Buildings (Edition of 1929). 

^Dimensions are for nnlitifH rectangular flues. 


installations, the draft loss through the fuel bed is dependent upon the 
following factors: (1) character and condition of the fuel, clean or dirty; 
(2) percentage of ash in the fuel; (3) volume of interstices in the fuel bed, 
coarseness of fuel; (4) thickness of the fuel bed, rate of combustion; 
(5) type of grate or stoker used; (6) efficiency of combustion. 

There is a certain intensity of draft with which the best results will be 
obtained for every kind of coal and rate of combustion. Fig. 8 gives the 
intensity of draft, or the vacuum in the combustion chamber required to 
bum various kinds of coal at various rates of combustion. Expressed in 
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other words, these curves represent the amount of draft required to force 
the necessary amount of air through the fuel bed in order to effect various 
rates of combustion. It will be noted that the amount of draft increases 
as the percentage of volatile matter diminishes, being comparatively low 
for the lower grades of bituminous coals and highest for the high grades 
and small sizes of anthracites. Also, when the interstices of the coal are 
large and the particles are not well broken up, as with bituminous coals, 
much less draft is required than when the particles are small and are well 
broken up, as with bituminous slack and the small sizes of anthracites. In 
general, the draft loss through tibe fuel bed increases as: (1) the per- 
centage of volatile matter diminishes; (2) the percentage of fixed carbon 
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Fig 8. Draft Required at Different Rates of Combustion 
FOR Various Kinds of Coal 


increases; (3) the thickness of the bed increase ; (4) the percentage of ash 
increases; (5) the volume of the interstices diminishes. 

In making the preliminary assumptions for the draft loss through the 
fuel bed, due allowances should be made for a possible future change in 
the grade of fuel to be burned and also in the rate of combustion. A value 
should be selected for this loss which will represent not only the highest 
rate of combustion whi^ will be encountered, but also the grade of coal 
which has the greatest resistance through the fuel bed and which may be 
burned at a later date. 

In powdered-fuel and oil-fired installations, there will be no draft loss 
through the fud bed since there is none Md, consequently, this factor 
becomes zero in the general draft equation. All other factors bdng 
constant, the hdght of the chimney in installations of Ais character will 
be less than tie height in coal-fir^ instdlations, and in the case of me- 
chanical draft installations the driving units need not be as large since the 
head against which the fan is to operate is not as great in the former as 
in the latter. 
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The draft loss through the boiler and setting (Ab) also varies between wide 
limits and, in general, depends upon the following factors: 

1. Type of boiler. 5. Arrangement of baffles. 

2 Size of boiler. 6. Type of grate. 

3. Rate of operation. 7. Design of brickwork setting. 

4. Arrangement of tubes. 8. Excess air admitted. 

9. Location of entrance into breeching. 


Curves showing the draft loss through the boiler are usually based on 
the load or quantity of gases passing through the boiler, expressed in 
terms of percentage of normal rate of operation. Owing to the great 
variety of boilers of different designs and the various schemes of baffling, 
it is impossible to group together a set of cuiv'^es for the draft loss through 
the boiler which may even be used generally. It is therefore necessary to 
secure this information from the manufacturer of the particular type of 
boiler and baffle arrangement under consideration. 

When a boiler is installed and in operation, the draft loss depends upon 
the amount of gases flooring through it. This, in turn, depends upon the 
proportion of excess air admitted for combustion. Primarily, the amount 
of excess air is measured by the CO2 content; the less the amount of CO2, 
the greater the amount of excess air and hence the greater the draft loss. 

The loss of draft through the boiler will vary directly as the size of the 
boiler and the lengtJi of riie gas passages within.^ The loss also varies as 
the number of tubes high, but not in a direct ratio inasmuch as the loss 
due to the reversal of flow at the ends of the baffles remains constant 
regardless of the height of the boiler. The arrangement of the tubes, 
whether the gases flow parallel to or at right angles to the tub^, has an 
appreciable effect on the loss. The arrangement of the baffles influences 
the draft loss greatly, the loss through a boiler with five passes being 
greater than the loss through one of three or four passes. A poor design 
and a rough condition of the brickwork will increase the loss greatly, 
whereas 'a proper design and a smooth condition will keep the loss at a 
minimum. The loss riirough the boiler will be less when the breeching 
entrance is located at or near the top of the boiler than when it is located 
at or near the bottom since the gases have a shorter distance to travel 
in the former instance. . 

The draft loss through the breeching (hsr) is given by the general 
equation: 


0.000194Ty*rc/L 

A*BoWcChr 


(16) 


where 


W — the amount of gases flowing, pounds per second. 

Tc = absolute temperature of breeching gases, d^ees Fahrenheit. 

/ = coefficient of friction. 

L = length of breechmg, feet. 

A « area of breeching, square feet. 

Bo = atmospheric pressure corresponding to altitude, inches of mercury. 

Wc *= weight of a cubic foot of breechmg gases at 0 F and sea level atmospheric 
pressure, pounds per cubic foot. 

= hydraulic radius of breeching section. 
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It has been the general custom to lump off the intensity of the breechmg 
loss at 0.10 m. of water per 100 ft of breeching length regardless of its size 
or shape or the amount and temperature of the gases flowing through it. 
This practice is hazardous and has no more foundation in fact than that of 
determining the friction head in a water works system without taking 
into consideration the size of the pipe or the amount of water flowing 
through it. When the length of the breeching is relatively short, any 
variation in any one of the factors in the equation will have no appreciable 
effect on the draft loss. However, when the breeching is relatively long, 
the draft loss is affected greatly by the various factors, particularly by the 
size and shape as well as by the weight of gases flowing. 

The draft loss due to velocity (kv) is given by the equation 


hv 


0.000194T^'»rc 

A^BoWc 


(17) 


and represents the amount of draft required to accelerate the gases from 
zero velocity to the velocity at which the gases are flowing, or in other 
words, from a static gas condition of zero flow to the amount of gases 
flowing throughout the installation. This loss corresponds to the velocity 
head in water works systems. 

The draft loss due to lends (isd) Is equivalent to the loss due to the 
velocity head for a 90-deg bend. In changing direction of flow, the gas 
velocity decreases to zero with a loss of velocity head and then increases 
to its proper value at the expense of a loss in pressure head, the net result 
being a loss in pressure head equal to the velocity head at the bend. 
This loss is given by the equation: 


JiBd 


ommw^Tc 

A^BoWc 


(18) 


The friction at a right-angle bend is sometimes expressed as the 
equivalent of a straight length of flue of a cer^n length for a certain 
diameter, similar to the procedure used in estimating the loss due to 
bends in piping systems conducting water. Most flues, however, par- 
ticularly breechings, are built square or rectangular in section and no 
general equation based on the shape of the flue can be conveniently 
expressed. 

The draft loss due to sudden contraction of an area (Ac) is given by the 
equation: 


^c = 


0.000194gcW^»rc 

A\BoWc 


(19) 


Kc “ coefficient of sudden contraction based on the ratio of the areas of the 

smaller to the larger section = 05^1 — ^ 

= area of the smaller section. 


When the flue or passage through which the ga^ flow is suddenly 
contracted, a considerable portion of the static he^ in the larger section 
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is converted into velocity head and a draft loss of some consequence, par- 
ticularly in a short breeching, takes place. A sudden contraction should 
always be avoided where possible. At times, however, due to obstmc- 
tions or limited head-room, it is necessaiy to alter the size of the breeching, 
but a sudden contraction may be avoided by gradually decreasing the 
area over a length of several feet. 

The draft loss due to a sudden enlargement of an area Qio) is given by the 
equation : 


ho 


0 000194goTT-»rc 
A\BoWc 


( 20 ) 


where 


Ka = coeflficient of sudden enlargement based on the ratio of the areas of the 


smaller to the larger section 



When the flue or passage through which the gases flow is suddenly 
enlarged, a portion of the velocity head is converted into static head in the 
larger section and, like the loss due to sudden contraction, a loss of some 
consequence, particularly in short breechings, takes place. A sudden 
enlargement in a breeching may be avoided by gradually increasing the 
area over a length of several feet. In large masonry chimneys, the area of 
the flue at the region of the breeching entrance is considerably larger 
than the area of the breeching at the chimney, and a sudden enlargement 
exists. 

The draft loss through the economizer (As) should be obtained from the 
manufacturer but for general purposes it may be computed from the 
following general equation: 


He 


6 m^NTc 

W 


( 21 ) 


where 

Wn = pounds of gases flowmg per hour per linear foot of pipe in each economizer 
section. 

N number of economizer sections. 


An economizer in a steam plant affects the draft in two ways, (1) it 
offers a resistance to the flow of gases, and (2) it lowers the average 
chimney gas temperature, thereby decreasing the available intensity. _ In 
the case of a natural draft installation, boA of these factors result in a 
relative increase in the height of the chimney and, in the case of a large 
plant, they may add as much as 20 or 30 ft to the height. The decrease 
in the temperature of the gases after they have passed through the 
economizer has an extremely important effect on die performance of a 
natural draft chimney and also upon the performance of a fan. 


CONSTRUCTION DETAELS 

For general data on the construction of chimneys reference should be 
made to the Standard Ordinance for Chimney Construction of the 
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National Board of Fire Underwriters. Briefly summarized, these provisions 
are as follows for heating boilers and furnaces: 

The construction, location, height and area of the chimney to i?vhich a heating boiler 
or warm-air furnace is connected affect the operation of the entire heating system. Most 
residence chimneys are built of bnck and may be either lined or unlined, but in either 
case the walls must be atr-tight and there should be only one smoke opening into the 
chimney. Cleanout, if provided, must be absolutely air-tight when clos^. 

The walls of brick chimneys shall be not less than 3^4 in. thick (width of a standard 
size brick) and shall be lined with hre-clay flue lining. Fire-clay flue linings shall be 
manufactured from suitable refractory clay, either natural or compounded, and shall 
be adapted to withstand high temperatures and the action of flue gases. They shall be 
of standard commercial thickness, but not less than % in All fire-clay flue linings shall 
meet the standard specification of the Eastern Clay Products Association. The flue 
sections shall be set in special mortar, and shall have the joints struck smooth on the 
inside The masonry shall be built around each section of lining as it is placed, and all 
spaces between masonry and hnings shall be completely filled with mortar. No broken 
flue lining shall be used Flue linuig shall start at least 4 in below the bottom of smoke- 
pipe intakes of flues, and shall be continued the entire heights of the flues and project 
at least 4 in. above the chimney top to allow for a 2 in projection of lining. The wash or 
splay shall be formed of a nch cement mortar To improve the draft the wash surface 
should be concave wherever practical 

Flue lining may be omitted in brick chimneys, pro\ided the walls of the chimneys 
are not less than 8 in. thick, and that the mner course shall be a refractory clay brick. 
All brickwork shall be laid in spread mortar, wdth all joints push-filled. Exposed joints 
both inside and outside shall be struck smooth No plaster lining shall be permitted. 

Chimneys shall extend at least 3 ft above flat roofs and 2 ft above the ridges of jjeak 
roofs when such flat roofs or peaks are within 30 ft of the chimney The chimney 
shall be high enough so that the wind from any direction shall not strike the top of ^e 
chimney from an angle above the horizontal. The chimney shall be properly capped with 
stone, terra cotta, concrete, cast-iron, or other approved material; but no such cap 
or coping shall decrease the flue area. 

There shall be but one connection to the flue to which the boiler or furnace smoke- 
pipe is attached. The boiler or furnace smoke-pipe shall be thoroughly grouted into the 
chimney and shall not project beyond the inner surface of the flue lining. 

The size or area of flue lining or of brick flue for warm-air furnaces depends on height 
of chimney and capacity of heating system For chinmeys not less than 35 ft in height 
above grate line, the net internal dimensions of lining ^ould be at least 7 x llJi in. 
for a total leader pipe area up to 790 sq in Above 7^ and up to 1,000 sq in of leader 
pipe area the Iming should be at least llj^ x 11 in inside In case of brick flues not 
less than 35 ft in height with no Imings, the internal dimensions should be at least 
8 X 12 in. up to 790 sq in of leader area, and at least 12 x 12 in for leader capaaties up to 
1,000 sq in. Chimneys under 35 ft in height are unsatisfactory in operation and hence 
should be avoided. 


CHIMNEYS FOR GAS HEATING 

The burning of gas differs from the burning of coal in that the force 
which supplies the air for combustion of the gas comes lately from the 
pressure of the gas in the supply pipe, whereas air is supplied to a bed of 
burning coal by the force of the chimney draft. If, with a coal-buming 
boiler, the draft is poor, or if the chimney is stopped, the fire is smothered 
and the combustion rate reduced. In a gas boiler or furnace such a 
condition would interfere with the combustion of the gas, but the gas 
would continue to pass to the burners and the resulting incomplete com- 
bustion would produce a dangerous condition. In order to prevent incom- 
plete combustion from insufficient draft, all gas-fired boilers and furnaces 
should have a back-draft diverter in the flue connection to the chimney. 

A study of a typical hack-draft diverter shows that partial or complete 
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chimney stoppage will merely cause some of the products of combustion 
to be vented out into the boiler room, but will not interfere with com- 
bustion. In fact, gas-designed appliances must perform safely under such 
a condition to be approved by the American Gas Association Laboratory. 
Other functions of the back-draft diverter are to protect the burner and 
pilot from the effects of down-drafts, and to neutralize the effects of 
variable chimney drafts, thus maintaining the appliance efficiency at a 

Table 2 Suggested General Dimensions for Vertical Back-Draft Diverter 
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substantially constant value. Converted boilers or furnaces, as well as 
gas-designed appliances, should be provided with back-draft diverters. 

Since back-draft diverters have a special function to perform in pro- 
tecting gas burning appliances, it is necessary that they should be built 
to the proper size as shown in Table 2. Work is now in progress on the 
development of a horizontal diverter for use where there is not enough 
room to install a vertical type of diverter. Information on the approved 
proportion of such equipment may be secured from the American Gas 
Association Testing Laboratory, 
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Table 3. Minimum Round Chimney Diameters for Gas Appllances ^Inches) 
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As is the case with the complete combustion of almost all fuels, the 
products of combustion for gas are carbon dioxide f CO 2 ) and water vapor 
with just a trace of sulphur trioxide (50®). Sulphur usually bums to the 
trioxide in the presence of an iron oxide catalyst. The volume of water 
vapor in the flue products is about twice the volume of the carbon dioxide 
when coke oven or natural gas is burned. Because of the large quantity 
of water vapor which is formed by the burning of gas, it is quite important 
that all gas-fired central heating plants be connected to a chimney ha\ing 
a good draft. Lack of chimney draft causes stagnation of the pr^ucts of 
combustion in the chimney and results in the condensation of a large 
amount of the water vapor. A good chimney draft draws air into the 
chimney through the openings in the back-draft diverter, lowers the dew 
point of the mixture, and reduces the tendency of the water vapor to 
condense. 

The flue connections from a gas-fired boiler or furnace to the chimney 
should be of a non-corrosive material. In localities where the price of 
gas requires the use of highly efficient appliances, the material used for 
the flue connection not only should be resistant to the corrosion of water, 
but should resist the corrosion of dilute solutions of sulphur trioxide in 
water. Sheet aluminum, as well as some other materials, seems to serve 
this purpose very well. 

When condensation in a chimney proves troublesome, it may be 
necessary to provide a drain to a dry well or sewer. The cause of the 
excessive condensation should be investigated and remedied if possible. 
This may be done by raising the flue temperature slightly or increasing 
the size of the back-draft diverter. The protection of unlined chimneys 
has been investigated and the results indicate that after the loose material 
has been removed, the spraying with a water emulsion of asphalt- 
chromate provides an excellent protection. 

A chimney for a gas-fired boiler or furnace should be constructed in 
accordance with the principles applicable to other boilep. Where the 
wall forming a smoke flue is made up of less than an 8-in. thickness of 
brick, concrete, or stone, a burnt fire day flue tile lining should be used. 
Care should be used that the lengths of flue tile meet properly with no 
openings at the joints. Cement mortar should be us^ for the entire 
chimney. 

Table 3 gives the minimum cross-sectional diameters of round chim- 
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neys (in inches) for various amounts of heat supplied to the appliance, 
and for various chimney heights. This is in accordance with American 
Gas Association recommendations. 


PROBLEMS IN PRACTICE 

1 • What are the principle factors influencing the intensity of natural draft? 

The intensity of natural draft depends largely upon the height of chimney above the 
grate bar level and the temperature difference between the chimney gases and the 
atmosphere. 

2 • What two kinds of draft need he considered? 

Natural draft caused by temperature differences, and artificial draft caused by me- 
chanical forcing. 

3 • What is the efifective height of a chimney? 

The height from the grate level to the top of the chimney is the effective height in pro- 
ducing natural draft 

4 • What dual purpose does a tail chlmn^ fulfill? 

A tall chimney primarily creates the necessary draft to move the air required for the 
combustion process and to move the products of combustion, and secondarily it dis- 
charges ^e gases at a high elevation to prevent them from becoming a nuisance. 

5 • What is the direct influence of the height on the design of a chimney? 

The immediate purpose of height is to proride that draft intensity under the conditions 
of chinmey gas temperature such that it will be adequate to overcome all the fnctional 
resistances of the installation, as well as to provide for the actual gas movement 

6 # Of what importance is chimn^ cross-sectional area in stack design? 

The area should be as large as is economically feasible in order that the frictional loss 
for the chimney height should not destroy the effectiveness of the height-created draft 
in overcoming the necessary frictional resistances of the boiler and its flue connections 

7 • Of what importance is the Reynolds number in chimney design? 

It permits the selection of a more specific value of the chimney friction factor, rather 
than a general one, to correspond wdth conditions of size, nature of the gas, rate of gas 
flow, and condition of the suriace. 

8 • a. Name the principal advantages of natural draft. 

b. Name the principal disadvantages of natural draft. 

a. Simplicity, reliability, freedom from mechanical parts, low cost of maintenance, 
relatively long Hfe, relatively low depreciation, operation with no power requirement. 
Lack of flexibility, irregularity, dependence on surroundings, susceptibility to tem- 
perature changes. 

9 # How is mechanical draft created? 

By forced draft, by induced-draft fans, or by a Venturi chimney 

10 • Distinguish between theoretical and available draft. 

Theoretical draft is the difference in pressure inside and outside the base of a chimney 
when it is under operating temperatures but when there are no gases flowing. Available 
draft is less than theoretical d^t by the friction loss due to the flow of gases through 
the chimney. 
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FUELS AND COMBUSTION 


Classification of Coal^ Air for Combustion^ Draft Required^ Com- 
bustion of Anthracite^ Firing Bituminous Coalt Burning Coke^ 

Hand Firings Classification and Use of Oil^ Classification and 
Use of Gas 

T he choice of fuel for heating is a question of economy, cleanliness, 
fuel availability, operation requirements, and control. The principal 
fuels to be considered are coal, oil, and gas. 

CLASSmCAHON OF COALS 

The complex composition of coal makes it difficult to classify it into 
clear-cut types. Its chemical composition is some indication but coals 
having the same chemical analysis may have distinctly different burning 
characteristics. Users are mainly interested in the available heat per 
pound of coal, in the handling and storing properties, and in the burning 
characteristics. A description of the relationship between the qualities 
of coals and these characteristics requires considerable space; a treatment 
applicable to heating boilers is given in U, S- Bureau of Mines Bulletin 276. 

A classification of coals is given in Table 1, and a brief description of the 
kinds of fuels is given in the following paragraphs, but it should be 
recognized that there are no distinct lines of demarcation between the 
kinds, and that they graduate into each other: 

Anthracite is a clean, dense, hard coal which creates very little dust in handling. It 
lb comparatively hard to ignite but it bums freely when w^ started. It is non-caking, 
II bums uniformly and smokelessly with a short flame, and it requires little attention to 
the fuel beds between firings It is capable of giving a high efficiency in the common 
t3q>es of hand-fired furnaces. 

Semiranihracite has a higher volatile content than anthracite, it is not as hard and 
ignites somewhat more easily, otherwise its properties are similar to those of anthracite. 

Ssmi-hituimnous coal is soft and friable, and fines and dust are created by handling it. 
It ignites somewhat slowly and bums with a medium length of flame. Its caking prop- 
erties increase as the volatile matter increases, but the coke formed is relatively weak. 
Having only half the volatile matter content of the more abundant bituminous coals it 
can be burned wiffi less production of smoke, and it is sometimes called smokeless coal 
The term bituminous coal covers a large range of coals and includes many t3T>es having 
distinctly different composition, properties and burning characteristics. The coals range 
from the high-^rade bituminous coals of the East to the poorer cpals of the West. Their 
caking properties range from coals which completely melt, to those from which the 
volatues and tars are distilled without change of form, so that they are classed as non- 
caking or free-burning. Most bituminous coals are strong and non-friable enough to 
permit of the screen^ sizes being delivered free from fines. In general, they ignite 
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agglutmating, dasmfy in low-volatile sroup of the bituminous class 

^Moist Btu refecB to coal containing its natuxal bed moisture but not mrlmiing visible water on the 
surface of the coal 

‘Pending the report of the Subcommittee on Ongin and Composition and Methods of Analysis, it is 
recognized that there may be non-calang vaneties in each group of the bitummous class. 

^oals having 69 per cent or more fixed carbon on the dry, mineial-matter-free basis shall be dassified 
according to fixed carbon, regardless of Btu 

<rheie are three vaneties of coal in the High-volatile C bituminous coal group, namely, Vanety 1, 
agglutinating and non-weathenng; Vanety 2, agglutinating and weathering, Vanety 3, non-agglutinating 
and non-weathering 

•^Adapted from A.S.T M Standards on Cool and Coke, p 68, American Soaety for Testing Materials, 
Philadelphia, 1934 
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High-temperaiure cokes Coke as usually available is of the high-temperature t>pe, 
and contains between 1 and 2 per cent volatile matter. High-temperature cokes are sub- 
divided into beehive coke of which comparatively little is now sold for domestic use, hy^ 
product coke, which covers the greater part of the coke sold, and gas-house coke. The 
differences among these three cokes are relatively small, their denseness and hardness 
decrease and friability increases in the order named. In general, the lighter and more 
friable cokes ignite and bum the more easily. 

Low-temperature cokes are produced at low coking temperatures, and only a portion 
of the volatile matter is distilled off. Cokes as made by vanous processes under develop- 
ment have contained from 10 to 15 per cent volatile matter. In general, tiiese cokes 
ignite and burn more readily than high-temperature cokes. The properties of various 
low-temperature cokes may differ more than those of the various high- temperature cokes 
because of the differences in the quantities of volatile matter and because some may be 
light and others briquetted. 

The sale of petroleum cokes for domestic furnaces has been small and is generally 
confined to the Middle West. They vary in the amount of volatile matter they contain, 
but all have the common property of a very low ash content, which necessitates the 
use of refractory pieces to protect the grates from being burned. 

In order to obtain perfect combustion a definite amount of air is re- 
quired for each pound of fuel fired. A deficiency of air supply will result 
in combustible products passing to the stack unbumed. An excess of air 
absorbs heat from the products of combustion and results in a greater loss 
of sensible heat to the stack. 

Total Air Required. The theoretical amount of air required per pound 
of fuel for perfect combustion is dependent upon the analysis of the fuel; 

Table 2, Pounds of Air per Pound of Fuel as Fired 
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however, for estimating purposes the theoretical air required for different 
grades of fuel may roughly be taken from Table 2. An excess of about 
50 per cent over the theoretical amount is considered good practice under 
usual operating conditions. 

The amount of excess air, based upon the laws of combustion, can be 
determined by its relation to the percentage of COi (carbon dioxide) in 
the products of combustion. This relationship is shown by the curves 
(Fig. 1) for high and low volatile coals and for coke. ^ In hand-fired fur- 
naces with long periods between firings the combustion goes through a 
cycle in each period and the quantity of excess air present varies. 

Secondary Air. The division of the total into primary and secondary 
air necessary to produce the same rate of burning and the same excess air 
depends on a number of factors which include size of fuel, depth of fuel 
bed, and diameter of firepot. The ratio of the secondary to the primay 
air increases with decrease in the size of the fuel pieces, with increase in 
the depth of the fuel bed, and with increase in the area of the firepot; the 
ratio also increases with increase in rate of burning. 

Size of the fuel is a very important factor in fixing the quantity of 
secondary air required for non-caking coals. With caking co^s it is not 
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Fig. 1. Relation Between CO3 and Excess Aie in Gases of Combustion 


so important because small pieces fuse together and form large lumps. 
Fortunately a smaller size fuel gives more resistance to air flow through 
the fuel bed and thus automatically causes a larger draft above the fuel 
bed, which draws in more secondary air through the same slot openings. 
In spite of this, a small size fuel requires a larger opening of &e door 
slots; for a certain size for each fuel no slot opening is required, and for 
larger sizes too much excess air gets through the fuel bed. 

It is impossible to establish a single rule for the correct slot opening for 
all types and sizes of fuels and for dl rates of burning. Furthermore, the 
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From U. S. Bureau of Mines 

Fig. 2. Relativb Amount of Fieb Dooe Slot Opening Requieed in a Given 
Fuenace to Give Equally Good Combustion foe High Temfbeatuee 
Coke of Vaeious Sizes When Buened at Vaeious Rates 
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size of slot opening is dependent on whether the ashpit damper is open 
or closed. It is better to have too much than too little seconda^ air; the 
opening is too small if there is a puff of flame when the firing door is opened. 

Fig. 2, taken from the C7. S. Bureau of Mines Report of Investigations 
No. 2980, shows the relationship of the slot opening, for a domestic fm-- 
nace, to the size of coke and the rate of burning; tiiese openings are with 
the ashpit damper wide open, and would be less if the available draft 
permits of its being partly closed. The same openings are satisfactory for 
anthracite. 

Bituminous coals require a large amount of secondary air during the 
period subsequent to a firing in order to consume the gases and to r^uce 
the smoke. The smoke produced is a good indicator, and that opening is 
best which reduces the smoke to a minimum. Too much secondary air 
will cool the gases below the ignition point, and prove harmful instead of 
beneficial- The following suggestions will be helpful: 

1. In cold weather, with high combustion rates, the secondary air damper should be 
half open all the time. 

2. In very mild weather, with a very low combustion rate, the secondary air damper 
should be closed all the time. 

3. For temperatures between very mild and very cold, the secondary air damper 
should be in an intermediate position 

4. For ordinary house operation, secondary air is needed after each firing for about 
one hour. 

Draft Requirements 

The draft required to effect a given rate of burning the fuel as measured 
at the smokehood is dependent on the following factors: 

1. Kind and size of fuel. 

2. Combustion rate per square foot of grate area per hour. 

3. Thickness of fuel bed 

4. Type and amount of ash and clinker accumulation. 

5 . Amount of excess air present in the gases. 

6. Resistance offered by the boiler passes to the flow of the gases. 

7. Accumulation of soot in the passes. 

Insufficient draft will necessitate additional manipulation of the fuel 
bed and more frequent cleanings to keep its resistance down. Insufficient 
draft also restricts the control by adjustment of the dampers. 

The quantity of excess air present has a mark^ effect on the draft 
required to produce a given rate of burning, and it is often possible to 
produce a higher rate by increasing the thiclmess of the fuel bed. 

Combustion of Anthracite^ 

An anthracite fire should never be poked, as this serves to bring ash to 
the surface of the fuel bed where it melts into clinker. 

Egg size is suitable for large firepots (grates 24 in. and over) if the fuel 


iSee reports published by The Anthraette Instiiuie Ixiboratoryt Pnmos, Pennsylvama 
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can be fired at least 16 in. deep. The air spaces between the pieces of coal 
are large, and for best results this coal should be fired deeply. 

Stove size coal is the proper size of anthracite for many boilers and 
furnaces used for heating buildings. It bums well on grates at least 16 in. 
in diameter and 12 in. deep. The only instructions needed for burning 
this type of fuel are that the grate should be shaken daily, the fire should 
never be poked or disturbed, and the fuel should be fired deeply and 
uniformly. 

Chestnut size coal is in demand for firepots up to 20 in. in diameter, with 
a depth of from 10 to 16 in. 

Pea size coal is often an economical fuel to bum. It is relatively low 
in price. When fired carefully, pea coal can be burned on standard grates. 
It is well to have a small amount of a larger fuel on hand when building 
new fires, or when filling holes in the fuel bed. Care should be taken to 
shake the grates only until the first bright coals b^n to fall through the 
grates. The fuel bed, after a new fire has been built, should be increased 
in thickness by the addition of small charges until it is at least level with 
tiie sill of the fire door. This keeps a bed of ignited coal in readiness 
against the time when a sudden demand for heat shall be made on the 
heater. 

Pea size coal requires a strong draft and therefore the best results 
generally will be obtained by keeping the choke damper open, the cold- 
air check closed, and by controlling the fire with the air-inlet damper only. 
Pea size can also be fired in layers with stove or egg size anthracite and 
its use in this manner will reduce the fuel costs and attention required. 

Buckwheat size coal for best results requires more attention than pea 
size coal, and in addition the smaller size of the fuel makes it more difficult 
to bum on ordinary grates. Greater care must be taken in shaking Ae 
grates than with pea coal on account of the danger of the fuel falling 
through the grate. In house heating furnaces the coal should be fired 
lightly and more frequently than pea coal. When banking a buckwheat 
coal fire it is advisable after coaling to expose a small spot of hot fire by 
putting a poker down through the bed of fresh coal. This will serve to 
ignite the gas that will be distilled from the fresh coal and^ prevent an 
explosion of gas within the firepot, which in some cases depending upon the 
thickness of the bed of fresh coal is severe enough to blow open the doors 
and dampers of the furnace. A good draft is required and consequently 
the fire is best controlled by the air-inlet damper only. Where frequent 
attention can be given and care exercised in manipulation of the grates 
this fuel can be burned satisfactorily without the aid of any special 
equipment. 

In general it will be found more satisfactory with buckwheat coal to 
maintain a uniform heat output and consequently to keep the system 
warm all the time, rather than to allow the system to cool off at times 
and then to attempt to bum the fuel at a high rate while warming up. A 
uniform low fire will minimize the clinker formation and keep the clinker 
in an easily broken up condition so that it readily can be shaken through 
the grate. 

Forced draft and special grates or retorts frequently are used with this 
fuel for best results. 


488 




Chapter 27 — ^Fuels and Combustion 


No. 2 buckwheat anthracite, or rice size, is used only with forced draft 
equipment on mechanical stokers. No. 3 buckwheat anthracite, or barley, 
has no application in domestic heating. 

Firing Bituminous Coal 

_ Bituminous^ coal should never be fired over the entire fuel bed at one 
time. A portion of the glowing fuel should always be left exposed to 
ignite the gases leaving the fresh charge. 

Air should be admitted over the fire through a special secondary air 
device, or through a slide in the fire door or by opening the fire door 
slightly. If the quantity of air admitted is too great the gases will be 
cooled below the ignition temperature and will fail to bum. The fireman 
can judge the quantity of air to admit by noting when the air supplied 
is just sufficient to make the gases bum rapidly and smokelessly above the 
fuel bed. 

The red fuel in the firebox, before firing, excepting only a shallow layer 
of coke on the grate, should be pushed to one side or forward or back- 
ward to form a hollow in which to throw the fresh fuel. Some manu- 
facturers recommend that all red fuel be pushed to the rear of the firebox 
and that the fresh fuel be fired directly on the grate and allowed to ignite 
from the top. The object of this is to reduce the early rapid distillation 
of gases 2 ind to reduce the quantity of secondary air required for smoke- 
less combustion. 

It is well to have the bright fuel in the firebox so placed that the gases 
from the freshly fired fuel, mixed with the air over the fuel bed, pass 
over the bed of bright fuel on the way to ffie flues. The bed of bright 
fuel then supplies flie heat to rjuse the mixture of air and gas to the 
ignition^ temperature, thereby causing the gaseous matter to bum and 
preventing the formation of smoke. 

The fuel bed should be carried as deep as the size of fuel and the 
available draft permit, in order to have as mudi coked fuel as possible 
for pushing to Ae rear of the firebox at the time of firing. A deep fuel 
bed allows the longest firing intervals. 

If the coal is of the caldng kind the fresh charge will fuse into one 
solid mass which can be broken up with the stoking bar and levels from 
20 min to one hour after firing, depending on tiie temperature of the 
firebox. Care should be exerds^ when stoking not to bring the bar up 
to the surface of the fuel as this will tend to bring ash into the high 
temperature zone at the top of the fire, where it will melt and form 
clinker. The stoking bar should be kept as near the grate as possible 
md should be raised only enough to bresik up the fuel. With fuels requir- 
ing stoking it may not be necessary to shake the grates, as the ash is 
usually dislodged during stoking. 

The output obtained from any heater with bituminous coal will usually 
exceed that obtainable with anthradte, since soft coal bums more rapidly 
than hard coal and with less draft. Soft coal, however, will require 
frequent attention to the fuel bed, because it burns unevenly, even 
though the fuel bed may be level, forming holes in the fire which admit 
too much air, chilling the gases over the fuel bed and redudng the 
available draft. 
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Semi-bituminous coal is fired as bituminous coal, and because of its 
caking characteristics it requires practically the same attention. The 
Pocahontas Operators Association recommends the central cone method of 
firing, in which the coal is heaped on to the center of the bed forming a 
cone the top of which should be level with the middle of the firing door. 
This allows the larger lumps to fall to the sides, and the fines to remain in 
the center and be coked. The poking should be limited to breaking down 
the coke without stirring, and to gently rocking the grates. It is recom- 
mended that the slides in the firing door be kept closed, as the thinner fuel 
bed around the sides allows enough air to get through. 

Burning Coke 

Coke is a very desirable fuel and usually will give satisfaction as soon 
as the user learns how to control the fire. Coke ignites and bums veiy 
rapidly with less draft than andiradte coal. In order to control the air 
admitted to the fuel it is very important that all openings or leaks into 
the ashpit be closed tightly. A coke fire responds more rapidly than an 
anthracite fire to the opening of the dampers. This is an advantage in 
warming up the system, but it also makes it necessary to watch the 
dampers more closely in order to prevent the fire from burning too rapidly. 
A deep fuel bed always should be maintained when burning coke. The 
grates should be shaken only slightly in mild weather and should be 
shaken only until the first red particles drop from the grates in cold 
weather. Since coke weighs only about half as much as anthracite per 
cubic foot only about half as much can be put in the firepot, so it will be 
necessary to fire oftener. The best size of coke for general use, for small 
firepots where tJie fuel depth is not over 20 in., is that which passes over 
a 1 in. screen and through a 1 in. screen. For large firepots where the 
fuel can be fired over 20 in. deep, coke which passes over a 1 in. screen and 
through a 3 in. screen can be used, but a coke of uniform size is always 
more satisfactory. Large sizes of coke should be either mixed with fine 
sizes or broken up before using. 

DusUess Coal 

The practice of treating the more friable coals to allay the dust they 
create is increasing. The coal is sprayed with a solution of ceildum 
chloride or a mixture of calcium and magnesium chlorides. Both these 
salts are very hygroscopic snd their moisture under normal atmospheric 
conditions keeps the surface of the coal damp, thus reducing the dust 
during d^very and in the cellar, and obviating the necessity of sprinkling 
the coal in the bin. 

The coal is sometimes treated at the mine, but more usually by the 
local distributor just before delivery. The solution is sprayed under high 
pressure, using from 2 to 4 gal or from 5 to 10 lb of the salt per ton of 
coal, depending on its friability and size. 

Pulverized Coal 

Installations of pulverized coal burning plants in heating boilers are of 
the unit type, in which the pulverized coal is delivered into the furnace 
immediately after grinding, together with the proper amount of preheated 
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air. With this apparatus, where the necessary" furnace volume is ob- 
tainable, high efficiencies can be obtained. 

A 160-hp boiler has generally been considered the smallest size for 
which pulverized fuel is feasible. Complications are introduced if an 
installation with a single boiler has to take care of very light loads. 

Hand Firing 

Hand firing is the oldest and the most widely used method of burning 
coal for heating purposes. To keep the fuel bed in proper condition where 
hand firing is us^, the following general rules should be observed: 

1. Remove ash from fuel bed by shaking the grates whenever fresh fuel is fired. This 
removes ash from the fire, enables the air to reach the fuel, and does away with the for- 
mation of clinker which is mdted ash 

2. Supply the boiler with a deep bed of fuel. Nothing is gained by attempting to 
fire a small amount of fuel A deep bed of fuel secures the most economical results. 

3. Remove ash from ashpit at least once daily. Never allow ash to accumulate up 
to the grates. If the ash prevents the air from passing through, the grate bars will 
bum out and much clinker trouble will be experienced. 

The principal requirements for a hand-fired furnace are that it shall have 
enough grate area and combustion space. The amount of grate area 
required is dependent upon the desired combustion rate. 

The furnace volume is influenced by the kind of coal used. Bituminous 
coals, on account of their long-flaming characteristic, require more space 
in which to bum the gases of combustion completely than do the coals 
low in volatile matter. For burning high volatile coals provision should 
be made for mixing the combustible gas^ thoroughly so that a)m- 
bustion is complete before the gases come in contact with the relatively 
cool heating surfaces. An abmpt change in the direction of flow tends to 
mix the gases of combustion more thoroughly. 

caAssmcAnoN of oils 

Uniform oil specifications were prepared in 1929 by the American Oil 
Burner Association, in cooperation wiA the American Petroleum Institute, 
the Z7. S, Bureau of Standards, the American Society for Testing Material 
and other interested organizations. Oil fuels were dassifi^ into six 
groups, as indicated by Table 3. When these spedfications were prepared, 
it was generally accepted that the first three grades were adapted to 
domestic use, while the last three were suitable only for commerdal and 
industrial burners. 

Today domestic installations may use No. 4 oil of the so-called heavy 
oil group, when and if said oil very dosely follows the specifications of 
No. 3. Up-to-date listing by the Underwnter's Laboratories should be 
referred to before a No. 4 grade of fuel is used which merely meets 
Commercial Standards CS 

Since the spedfications as originally drawn provide for maximum hmits 
only for the several grades, this differentiation h^ not proved stable. 
Realizing how unsatisfactory it is to have spedfications which permit the 
substitution of one grade for another, the U. 5. Bureau of Standards^ in 
cooperation with the American Society for Testing Materials is figuring 
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Table 3 Commercial Standard Fuel Oil Specifications^ 
A. Detailed RequtremeTUs for Domestic Fuel Oils 


Grade of Oil 

Approx 

Btu 

PER 

Gal» 

j Flash Point 


Distillation 

Test 

Viscosity 

Maximum 

Mm 

Max. 

No. 1 
Domestic 

Fuel Oil 

A hght distillate 
oil for use m 
burners requir* 
ing a high grade 
fud 

139,000 

110 F 
or legal 

165F 


15 F 

10% pomt, 

mPTuniiin 

420 F 

End point, 
maximum 

600 F 


No 2 
Domestic 

Fuel Oil 

A medium distil- 
late oil for use 
m burners re- 
quiring a high 
grade fuel 

141,000 

125 F 
or legal 

190 F 

005% 

15 F 

10% point. 

TnaTunifTTi 

440 F 

90% pomt. 
maximum 

620 F 


No. 3 
Domestic 

Fuel Oil 

A distillate fuel 
oil for use in 
burners where a 
low viscosity oil 

IS required. 

148,400 

160 F 
or legal 

200F 

01% 

16 F 

10% point, 

TngTiiTiTiiti 

460 F 

90% pomt, 

TTinTimiiTri 

675 F 

Saybolt 
Umversal 
at 100 F 
55 seconds 


B. Detailed Requirements for Industrial Fuel Otis 


Grads of On. 

1 

Approx. 

Btu 

PER 

Gal.» 

Flash Point, 
Mzn. Max. 

Water 

AND 

Sediment, 

Maxdium 

Pour 

Point,* 

Maximum 

Viscosity, 

Maximum 

No. 4 

Industrial Fud Oil 

An oil known to the trade as a light fuel 
oQ for use m burners where a low vis- 
cosity industrial fuel dl is required. 

144,500 

150 F See 
Note* 

10% 

See 

Note* 

Saybolt 
Umversal 
at 100 F 
125 seconds 

No. 5 

Industrial Fud Oil 

Same as Federal Specifications Board 
specification for Dunker oil "B" for 
burners adapted to the use of indus- 
trial fud oil d medium viscosity. 

146,000 

150 F 

1.0% 


Saybolt 
Furol 
at 122 F 
100 seconds 

No 6 

Industrial Fud Oil 

Same as Federal Specifications Board 
specification for bunker oil "C" for 
burners adapted to oil of high viscosity. 

150,000 

160 F 

Water 

sediment 

1.75% 

0 26% 


Saybolt 
Furol 
at 122 F 
300 seconds 


•Adapted from **Fiidi Oils." p 2, Z7. 5. Deparimeta of Commerce, Bureau of Standards, Commerctal 
Standard CSlStSS, Washington. 1933. 

•Government specifications do not give Btu per gallon, but they are noted here for information only. 

•Lower or higher ix>ur points may be specified whenever required by conditions of storage and use. 
However, these si>ecifications shall not require a pour pomt less than 0 F under any conditions 

'Whenever required, as for ezanwle in burners with automatic igmtion, a maximum fiash point may 
be sp^fied Howev e r, these specmcations shall not require a flash ix)int less than 250 F under any 
conditions 

•Pour point may be specified whenever required by conditions of storage and use However, these 
specifications shall not require a pour pomt less than 15 F under any conditions 
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on a new set of specifications providing for definite limits for each grade. 
When these specifications are adopted, it is expected that the National 
Board of Fire Underwriters will retest all burners using oils of the maximum 
specifications for the grade so that if a burner is approved for a certain 
grade it will bum any oil meeting the specifications for that particular 
grade. 

Several burners adapted to industrial use have recently been listed for 
automatic operation with No. 5 oil. Usually oils No. 5 or 6 require 
preheating for proper operation, but where conditions are favorable, No, 
5 can be used without the equipment that this entails. 

There are two reasons for the trend to lower grades of oil. While the 
lighter oils contain slightly more heat units per pound, the weight per 
gilon increases more rapidly than the decrease in heat units per i^und, 
and oil is bought by the gallon. As a consequence, while a No. 1 oil may 
contain 139,000 Btu per gallon, oil No. 5 may test 146,000 Btu per gallon, 
or 6 per cent more. Usually there is a differential of 3 to 4 cents between 
the No. 1 and No. 5 oils, so that the economy of buying the heavier fuels 
is apparent; there remains the economic utilization of the heat content of 
the heavier oils. 

The cost of oil fuel is dependent also upon the amount that can be 
delivered at one time, and the method of delivery. Common practice has 
split the tank of the truck delivering oils for domestic use into compart- 
ments of 150 to 600-gal capacity, and these unit dumps are made the basis 
of price. Where a truck can be connected to a storage-tank fill and 
quickly discharge its oil by pump, the price obviously can be less than 
where a smaller quantity must be drawn off in 5-gal cans and poured. 
For similar reasons an installation that can be supplied from a tank cas 
on a siding provides for a lower unit fuel cost than one where the oil 
must be trucked, even in the large trucks holding 2,000 gal or more that 
are used for distributing the heavier oils. 

GAS CLASSinCATION 

Gas is broadly classified as being either natural or manufactured* 
Natural gas is a mechanical mixture of several combustible and in^ 
gases rather than a chemical compound. Man^actured gas as dis- 
tributed is usually a combination of certain proportions of gases produced 
by two or more processes, and is often designated as city gas. 

When gas is burned a large amount of water vapor is produced as one 
of the products of combustion. This ordinarily escapes up the chimney, 
carrying away with it a certain amount of heat. However, when the heat 
value of gas is determined in an ordinary calorimeter, this water vapor 
is condensed and the latent heat of valorization that is given up during 
the condensation is reported as a portion of the heat v^ue of the gas. 
The heat value so determined is termed the gross or higher heat value and 
this is what is ordinarily meant when the heat value of gas is specified. 
The heat that is redaimed by the condensation of the water vapor 
amounts to about 10 per cent of the total heat value. It is impractical 
to utilize the entire higher heat value of the gas in any house-heating 
appliance, because to do so it would be necessary to cool the products of 
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combustion down below their dew point, which is ordinarily in the 
neighborhood of 130 F. 

The actual dew point in the chimney is different from the theoretical 
value because excess air is admitted not only at the burner but also at the 
backdraft diverter which lowers the dew point. 

Natural gas is the nchest of the gases and contains from 80 to 95 
per cent methane, with small percentages of the other combustible 
hydrocarbons. In addition, it contains from 0.5 to 5.0 per cent of COj, 
and from 1 to 12 or 14 per cent of nitrogen. The heat value varies from 
700 to 1,500 Btu per cubic foot, the majority of natural gases averaging 
about 1,000 Btu per cubic foot. Table 4 shows typical values for the 
four main oil fields, although values from any one field vary materially. 

Table 4 also gives the calorific values of the more common types of 
manufactured gas. Most states have l^slation which controls the distri- 
bution of gas and fixes a minimum limit to its heat content. The gross 
or higher calorific value usually ranges between 520 and 545 Btu per cubic 
foot, with an average of 535. A given heat value may be maintained and 
yet leave considerable latitude in the composition of the gas so that as 
distributed the composition is not necessarily the same in different dis- 
tricts, nor at successive times in the same district. There are limits to the 


Table 4. Representative Properties of Gaseous Fuels* 
Based on Gas at 60 F and 30 in Hg 


Gas 

B*DP®aCuFt 



Fboduotb of CouBiranoK 

Theobbticax 
Flame Tbh- 

PBBATDBB, 
(DEO FaBR) 



Low 

Sraomo 

<3RA.TITr, 

Am as 
100 

FOB COKBire- 
Hoir, 

(On Ft) 

Cubio Feet 

Ulti- 

mate 

COs 

Dry 

'Rainn 


(Ch^) 

(Net) 

COi 

EtO 

Total 

with 

Ns 

Natural gas — 
California 

1200 

1087 

0.67 


1.24 

2.24 

12.4 

12 2 

3610 

Natural gas — 
Mid-Conti- 
nental 

967 

873 

0.57 


0.97 

1 92 

10 2 

11.7 

3580 

Natural gas — 
Ohio 

1130 

1025 

0.65 


1 17 

2.16 

11.8 

12 1 

3600 

Natural gas — 
Pennsylvania 

1232 

1120 

0 71 


1.30 

2 29 

12.9 

12.3 

3620 

Retort coal gas 

575 

510 

0.42 

5.00 

0.50 

1.21 

5 7 

11.2 

3665 

Coke oven gas 

588 

521 

0.42 

5.19 

0.51 

1 25 

5 9 

11.0 

3660 

Carburetted 
water gas 

536 

496 

0.65 

4,37 

0.74 

0 75 

5.0 

17.2 

3815 

Blue water gas 

308 

281 

0.53 

1 2.26 

0.46 

0.51 

2 8 

22.3 

3800 

Anthracite pro- 
ducer gas 

134 

124 

0.85 

1 05 

0.33 

0.19 

1 1.9 

19 0 

3000 

Bituminous 
producer gas 

150 

140 

0.86 

1.24 

0 35 



19.0 

3160 

Oilgas 

575 

510 

0.35 

4 91 

0.47 

1.21 

5.6 

10 7 

3725 
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variation allowable, because the specific gravity of the gas depends on its 
composition, and too great a change in Ae specific gravity necessitates a 
change in the adjustment of the burners of small appliances. 

Table 4 shows that a large proportion of the products of combustion 
when gas is burned may consist of water vapor, and that the greater the 
proportion of water vapor, the lower the maximum attainable CO 2 by gas 
analysis. The table also shows that a low calorific value does not neces- 
sarily mean a low flame temperature since, for example, natural gas has a 
theoretical flame temperature of 3600 F and blue water gas of 3800 F, 
although it has a c£Llorific value less than one third that of natural gas. 

The quantity of air given in Table 4 is that required for theoretical 
combustion, but with a properly designed and installed burner the excess 
air can be kept low. The ^vision of the air into primary and secondary 
is a matter of burner design and the pressure of gas available, and also of 
the type of flame desired. 


PROBLEMS IN PBACTICE 

1 • Differentiate between the general eharacteristics of hard and soft coals. 

Hard coals contain fixed carbon in large proportions and in addition more ash is present 
especmlly m the smaller sizes Soft coals have an mcreasing percentage of carbon in 
combination with hydrogen which is volatile and will distill off under high temperature, 
producing smoke. 

2 • Name several important properties of coal from a utilization standpoint, 

a. Caking tendency, whether none, weak, or strong 

h. Quantity of volatile matter. 
c. Friability. 
d Fusibility of the ash. 

3 # What are the data commonly available that fix the qualities of coal, 

and do these tell the whole story? 

a. Calorific value, Btu per pound. 

b. Proximate anal 3 rsis giving percentages of moisture, volatile matter, fixed carbon, ash, 
and sulphur. 

c. Temperature at which the ash softens. 

d. Screen sizes. 

Other important qualities not usually given are the friability of the coal, ite caking 
tendency, and the qualities of the volatile matter The percentage of ash and its fusion 
temperature do not tell how the ash is distributed or how much ot it is less fusible lumps 
of slate or shale 

4 • Are there available complete and sufficient data on gas and oils to fix their 
burning properties and fomace reqoirements? 

Yes. Because gas and oils are of simple and uniform compomtion, data are available to 
fix their burning properties and furnace requirements, but the ability to control their 
combustion is somewhat less determinable. 

5 • Wbat effect does moisture in fudis have on their efficiency? 

With any solid fuel, latent and sensible heat are lost at the stack when moisture is dried 
out of the fuel in burning, and when its hydrogen is burned. Therefore, such fuels as 
sub-bituminous coal and lignite, which are high in moisture content, have a low efficiency. 
However, these effidenaes may be improved if the stack gases are cooled to room tem- 
perature, by heating the feed water, for example. 
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6 # What are the advantages of a sized fuel for heating furnaces? 

Because a sized fuel encourages a more uniform flow of air through the bed, the burning 
will be more uniform, and the bed will be less liable to develop holes and will require less 
attention. Uniformity of fuel size is more desirable as the area of the bed becomes 
smaller; it is less important with fuels that cake, but with sized fuels the caking will be 
more uniform and the air flow through the bed will be steadier In addition, ash and 
pieces of slate are less likely to be segregated and to form lumps of clinker. 

7 • Does the size of a fuel aJSect the quantity of air required to bum it at a 
given rate? 

The total air required to give the same gas analysis at the stack is independent of the 
size of the fuel burned, but for non-caking fuels the ratio of the air passing through the 
fuel bed to the total air entering the burner base decreases, for the same thickness of bed, 
as the size of the fuel becomes smaller; this decrease is very rapid for sizes less than one 
inch. For coals that cake, this ratio will depend on the way the caked bed is broken up 
and on the size of the resulting pieces 

8 • Is the volatile matter which is given ofif when coals are burned of the same 
nature in all coals? 

No. The products given off by coals when they are heated differ materially in the ratios 
b^ weight of the gases to the oils and tars. No heavy oils or tars are given off by anthra- 
ate, and ve^ small quantities are given off by semi-anthraate. As the volatile matter 
in the coal increases to as much as 40 per cent of ash-free and moisture-free coal, in- 
creasing amounts of oils and tars are given up. For coals of higher volatile content, the 
relative quantity of oils and tars decreases, so it is low in the sub-bituminous coals and 
in lignite. 

9 • Is smoke a primary product in the burning of fuels? 

Visible smoke may include very small particles of carbon, oil^ tar, water (condensed 
steam), and ash. Of these, the oils, tars, and ash are mainly primary products, and the 
water is partly primary. The carbon, which usually composes the greater part of the 
smoke, results from the breaking up by heat of oils, tars, and such gases as methane, so 
it may be considered a secondary product. 

10 • Is the sulphur in coals detrimental to combustion? 

Not so far as is known, but its complete combustion gives only 25 per cent as much heat 
as is given by the same weight of carbon Sulphur is undesirable because it causes cor- 
rosion of flues and stacks, and also because its gases pollute the atmosphere, and damage 
buildings and vegetation. 

11 • How do deposits of soot on the surfaces of a boiler or heater aflfect the 
quantity of fuel burned? 

There are two effects. The soot acts as an insulating layer over the surface and reduces 
the heat transmission to the water or air, the Bureau of Mines Report of Investigahons 
No. 3272 shows that the loss of seasonal dSidency is not as great as has been believ^ and 
should not be over 6 per cent because the greater part of the heat is transmitted through 
the flre^t. ^ The soot clogs the passages and reduces the draft, the loss of efficiency 
from this action may be much more, and also the lack of draft results in unsatisfactory 
heating. 
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AUTOMATIC FUEL BURNING EQUIPMENT 

Residential Stokers^ A^rtment Mouse Stokers^ Commercial 
Stokers, Domestic Oil Burners, Commercial Oil Burners, Gas- 
Fired Appliances, Gas Boilers, Warm Air Furnaces, Space 
Heaters, Conversion Burners, Gas Appliances 

A utomatic, mechanical equipment for the efficient combustion 
of coal, oil, and gas is considered in this chapter. 

MECHANICAL STOKERS 

Coal can be burned more efficiently on a mechanical stoker than by 
hand firing. The burning of coal involves uniformity of stoking, proper 
distribution over the fuel bed, admission of air as required to the fuel bed, 
and means for removing ash. The proper burning of the fuel on the grate 
is the function of the stoker and depends upon the stoker design. 

The burning of the volatile gases above the fuel bed is a matter of 
furnace design. The requirements are the same regardless of the type of 
stoker.^ Proper care should be taken to provide furnaces sufficiently 
liberal in volume and with grates at a sufficient distance from the heating 
surface in order to permit proper combustion of gases. The standards 
that have been most universally adopted for the proportioning of furnaces 
are those of the Midwest Stoker Association. 

Stokers may be divided into four types according to their construction, 
namely, (1) overfeed flat grate, (2) overfeed inclined grate, (3) underfeed 
side cleaning type, and (4) underfeed rear cleaning type. They may also 
be classified according to their uses. The following classification has been 
recommended by the Stoker Manufacturers Association. 

Class 1. Up to 60 lb coal feed per hour (Household). 

Class S. 60 to 500 lb coal feed per hour (Apartment house and small commercial). 

Class S. 500 to 1200 lb coal feed per hour and less than 36 sq ft of grate area 
(General commercial heatmg and smau high pressure steam plants). 

Class 4- Over 1200 lb coal feed per hour and over 36 sq ft grate area (Large com- 
mercial and high pressure steam pl^ts). 

Overfeed Flat Grate Stokers 

This type is represented by the various chain- or traveling-grate stokers. 
These stokers receive fuel at the front of the grate in a layer of uniform 
thickness and move it back horizontally to the rear of the furnace. Air is 
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supplied under the moving grate to carry on combustion at a sufficient 
rate to complete the burning of the coal near the rear of the furnace. The 
ash is carried over the back end of the stoker into an ashpit beneath. 
This type of stoker is suitable for small sizes of anthracite or coke breeze 
and also for bituminous coals, the characteristics of which make it 
desirable to bum the fuel without disturbing it. This type of stoker 
requires an arch over the front of the stoker to maintain ignition of the 
incoming fuel. Frequently, a rear combustion arch is required to main- 
tain ignition until the fuel is fully consumed. A t 5 q)ical traveling-grate 
stoker is illustrated in Fig. 1. 

Another and distinct type of overfeed flat-grate stoker is the spreader 
or sprinkler type in which coal is distributed either mechanically or by air 
over the entire grate surface. This t 5 pe of stoker has a wide application 



on small sized fuels and on certain special fuels such as lignites, high-ash 
coals, and coke breeze. 

Overfeed Inclined Grate Stokers 

In general the combustion principle is similar to the flat grate stoker, 
but this stoker (Fi^. 2) is provided with rocking grates set on an incline to 
advance the fuel during combustion. Also this t 3 pe is provided with an 
ash plate where ash is accumulated and from which it is dumped periodi- 
cally. This type of stoker is suitable for all types of coking fuels but 
preferably for those of low volatile content. Its grate action has the 
tendency to keep the fuel bed well broken up thereby allowing for free 
passage of stir. Because of its agitating effect on the fuel it is not so 
desirable for badly dinkering cods. Furthermore, it should usually be 
provided with a front arch to care for the volatile gas. 

Underfeed Side Qeaidng Stokers 

In this type (Fig. 3), the fuel is fed in at the front of the furnace to one 
or more retorts, is advanced away from the retort <ls combustion pro- 
gresses, while finally the ash is disposed of at the sides. This t 3 pe of 
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stoker is siiitable for all coking coals while in the smaller sizes it is suitable 
for small sizes of anthracites. In this type of stoker the fuel is delivered 
to a retort beneath the fire and is raised into the fire. During this process 
the volatile gas is released, is mixed with air, and passes through the fire 




and partniy coked 


^Steko' bon to* og bid 




Drop ban for cleaning 
fire of ash and refuse 




Fig 2. Overfeed Inclined Grate Stoker 






V°0O>. '' 

Fig. 3. Underfeed Plunger Type Stoker 


where it is burned. The ash may be continuously discharged as in the 
small stoker or may be accumulated on a dump plate and periodically 
discharged. This stoker requires no arch as it automatically provides 
for the combustion of the volatile gas. 

ITndezfeed Rear Cleaning Stokers 

This type of stoker carries on combustion in much the same manner as 
the side cleaning type, but consists of several retorts placed side by side 

499 



American Soctett of Heating and Ventilating Engineers Guide, 1937 

and filling up the furnace width, while the ash disposal is at the rear. In 
principle, its operation is the same as the side cleaning underfeed. 

Class 1 Stokers, Household 

A common tj^e of stoker in this class consists of a round retort having 
tuyeres at the top where all of the air for combustion is admitted. Coal 
is fed from a storage hopper (Fig. 4) outside of the boiler by means of a 



Fig 5. Underfeed Screw Stoker, Bin Type 


worm into the bottom of this retort and beneath the fire. The equipment 
includes a blower which is driven by the same motor that drives the stoker. 

Some household stokers are provided with automatic grate-shaking 
mechanism together with screw conveyers for removing the ash from the 
ashpit and depositing it in an ash receptacle outside the boiler. Certain 
types can also be provided with a coal conveyer which takes coal from the 
stora^ bin and maintains a full hopper at ihe stoker. In some cases the 
stoker hopper functions as the coal bin as shown in Fig. 5, and an extended 
worm is us^ to convey the fuel to the boiler. They may feed coal to the 
furnace either intermittently or with a continuous flow regulated auto- 
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matically to suit conditions. Where the boiler is provided with indirect 
coils for heating the domestic hot water, the stoker may be arranged so 
that it can be used the entire year to maintain a continuous hot water 
supply. 

Household stokers are made for all classes of fuel — anthracite, bitu- 
minous and semi-bituminous. The Umted States Department of Com- 
merce has issued commercial standards for household anthracite burners, 
which may be secured by application. The requirements stated in these 
standards are described in the following paragraphs. 

Operating Requirements 

Efficiency. The over-all efficiency of the unit at all points above 50 per cent of maxi- 
mum coal feed shall be above 50 per cent when installed in a round sectional cast-iron 
boiler having three intermediate sections and m of asbestos insulation or its eqmva- 
lent in good condition of repair, operating at 50 per cent or more of the boil^ capacity. 
The efficient shall be mamtained for any continuous period of 4 hours during any test 
or observation run. 

Ash Loss. Combustible in ash shall not exceed 7.5 per cent of the Btu content of the 
coal as £red at any rate of coal feed above 50 per cent of maximum. Methods of test 
according to Code No. 3 of the A.S.H.V.E.^ are to be followed in all details applicable 
to stoker testing. 

Clinker. Ash removing systems should at all times be capable of disposing of any 
chnker which may be formed under any conditions of operation with the coals prescribed. 

Combustion Rate. A combustion rate of at least 13 lb per square foot of horizontal 
projected area of ash ring per hour must be continuously maintained for at least 9 hours 
with the above conditions of efficiency, ash and clinker. 

Flue Gas. Flue gas shall be not below 6 per cent in carbon dioxide with a reasonably 
tight boiler at any rate of operation above 50 per cent of maximum coal feed. 

Maximum Rating. The maximum rating, in terms of gross square feet of water or 
steam radiation which the burner will supply, when intended for installation in the 
average existing cast-iron boiler, shall be 90 per cent of the maximum steatn produced in 
a round cast-iron boiler in go^ repair having three intermediate sections and the 
equivalent of in. of asbestos insulation. However, in no case shall the maximum 
rating be greater than 29 sq ft of direct steam radiation for each pound of coal fired per 
hour, and in no case shall ratings be based upon efficiency figures below 50 per cent. 

The maximum rating as 'defined in the precedmg paragraph shall be based upon com- 
bustion of Pennsylvania anthracite having the following approximate analysis: 

Volatile matter 3.5 to 9 p^ cent; ash content not to exceed 15 per c^t; sulphur content 
under 1.5 per cent; ash fusing temperature 2750 F, or above (volatile, ash and sulphur 
content on dry basis in accor(&nce with A.S.T.M. method D271-33) ; Btu content 12,000 
or above, properly sized as follows: A No. 1 buckwheat should pass through a round 
mesh screen Imving Ke in* ^^oles and over a similar screen having Jis in. holes. The 
undersizing should not exceed 15 per cent and the oversizing shomd not exceed 10 per 
cent. A No. 2 buckwheat (rice) should pass through a round mesh screen having holes 
Jjte in. in diameter and over a like screen having holes of in. in diameter. Theunder- 
smng should not exceed 15 per cent and the oversizmg should not exceed 10 per cent. 

Coal Storage. It is recommended that the coal bin or closet be constructed so as to 
be dustproof . 

EUctrical Consumption. The electrical consumption shall not exceed 18 kwh per 
2000 lb of coal burned at any rate of coal feed above 50 per cent of the maximum. 

OperaUon Upon Other Sizes of Coal The forgoing specifications have been drafted 
for operating with the Nos. 1 and 2 buckwheat sizes of anthracite. In the event that 
other sizes are recommended, ratings shall be based upon the same efficiency and ash 
loss requirements. 


1A.SH.V.B. Performance Test Code for Steam Heating Solid Fne! BoIleES (Code 3), (A.SH.V.E. 
TransactzoKs, Vol. 35, 1020). 
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Banking, The burner shall be so constructed or controlled as to maintain a fire 
during an mdefinite banking period. 

Acceleration. When the burner resumes operation after a 12 hour banking period, the 
time required for the stack temperature to reach a normal maximum shall not exceed 
60 min. 

Class 2 Stokers, Apartment House, Small Commercial 

This class is used extensively for heating plants in apartments and 
hotels, and also for small industrial plants su^ as laundries, bakeries, and 
creameries. The majority of stokers used in this field are of the underfeed 
type. The principal exception is an overfeed type having step action 
grates in a horizontal plane and so arranged that they are alternately 
moving and stationary, and are designed to advance the fuel during com- 
bustion to an ash plate at the rear. 

All of the stokers are provided with a coal hopper outside of the boiler. 
In the underfeed t3^es, the coal feed from this hopper to the furnace may 
be accomplished by a continuously revolving worm or by an intermittent 
plunger. The drive for the coal feed may be an electric motor, or a steam 
or hydraulic cylinder. With an electric motor, the connection between 
the driver and the coal feed may be through a variable speed gear train 
whidi provides two or more spe^s for the coal feed; or it may be through 
a simple gear train and a variable speed driver for the change in speed of 
the coal feed ; or a simple gear train with a coal feed having an adjustment 
for varying tiie travel of the feeding device. With a steam or hydraulic 
cylinder, the power piston is connected directly to the coal feeding 
plunger. 

The stokers in this class vary also in their retort design according to the 
fuels and load conditions. The retort is placed approximately in the 
middle of the furnace and is provided with tuyere openings at the top on 
all sides. In the plunger-feed type the retort extends from the inside of 
the front wall entirely to the rear wall or to within a short distance of the 
rear wall. This type of retort has tuyeres on the sides and at the rear. 

These stokers also differ in the grate surface surrounding the retort. 
In many of the worm-feed stokers this grate is entirely a dead plate on 
whidh die fuel rests while combustion is completed. In the dead-plate 
type, all of the air for combustion is furnished by the tuyeres at the retort. 
Because of this, combustion is well advanced over the retort so that it 
may easily be completed by the air which percolates through the fuel bed. 
With the dead-plate type of grate the ash is removed through the fire 
doors and it is therefore desirable that the fuel used shall be one in which 
the ash is readily reduced to a clinker at the furnace temperature, in 
order that it may be removed with the least disturbance of the fuel bed. 

In other stokers in this class, the grates outside of the retort are air- 
admitting and some stokers have shaking grates. These grates permit a 
large part of the ash to be shaken into the ash pit beneath, while the 
dinkers are removed through the fire doors. With this t3rpe of grate, the 
main air chamber extends only under the retort while the side grates 
receive air by natural draft from the ash pit. 

In still other stokers of this dass, the main sir chamber extends beyond 
the retort and is covered with fud-bearing, air-supplying grates. With 
this type of grate, the fuel is supplied with air from the main air chamber 
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throughout combustion. Also with this t 3 ^e of grate, dump plates are 
pro\ided beyond the grates where the ash accumulates and from which it 
can be dropped periodically into the ash pit beneath. 

Stokers in this class are compactly built in order that they may fit into 
standard heating boilers and still leave room for sufficient combustion 
space above the grates. The height of the grate is approximately the same 
as that of the ordinary grates of boilers, so that it is usually possible to 
install such stokers with but minor changes in the existing equipment. 
In some districts, there are statutory^ regulations governing such settings. 

These stokers vary in furnace dimensions from 30 in. square to approxi- 
mately 66 in. square. The capacity of the stokers is measured by the 
amount of coal that can be burned per hour. In general, manufacturers 
recommend that, for continuous operation, the coal burning rate shall not 
exceed 26 lb of coal per square foot of grate per hour, while for short 
peaks this rate may be increased to 30 lb per hour. Although these 
stokers were designed to burn bituminous coal, types are available for 
the semi-bituminous coals such as Pocahontas and New River. They can 
also be used to bum the small sizes of anthracite but at a somewhat 



lower rate. It is often customary to have the janitor or some other 
attendant care for the boiler as one of his duties. Under these conditions 
the heating plant does not receive the same careful attention as it would if 
a man devoted his entire attention to the fire. With periodic hand firing, 
the boiler is operated inefficiently much of the time. With a stoker, the 
boiler is operated at the rate that the conditions require so long as there 
is coal in the hopper. With hand firing, it is customary to use a more 
expensive size of fuel, while with a stoker the smaller sizes are used at a 
considerable saving in the cost per ton. Because the stoker responds 
promptly to automatic regulation, it is possible to maintain a reasonably 
constant standard. Also because the stoker feeds the fuel regularly and 
in small quantities without losses due to opening doors, it is more efficient 
than hand firing. This increase in efiidency depends entirely on con- 
ditions, with a minimum of about 10 per cent and a maximum of about 
25 per cent. 

Another type of stoker which may be used in connection with small 
size coal is a pneumatic type as shown in Fig. 6. The equipment may be 
arranged witih a pipe conveying the fuel from a stoie^e space directly to 
the burner nozzle with secondary air supplied from a separate unit 
located near the boiler. 
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Class 3 Stokersi General CommerdaL Small HSgh Pressure Plants 

The general commercial heating and high pressure plant with boilers 
burning from 500 lb of coal per hour to 1200 lb of coal per hour, is a 
field distinct from the large commercial and industrial field. The pre- 
valent type of stoker employed is the single retort underfeed side-cleaning 
type. In this field is found the greatest financial return on stoker invest- 
ments due to the fact that 90 per cent of the fuel is purchased in the 
retail market where prices are on the average 40 per cent higher for the 
same fuel than if the coal were purchased in carload quantities. This is, 
therefore, an extremely important class of stokers. Savings of 40 per cent 
to 50 per cent are not at all unusual, and many plants show as much as a 
50 per cent return on the investment. 

Automatic Stoker Controls 

The industry developed by stokers in Classes 1, 2 and 3 has been due as 
much to the application of proper controls as to the stoker itself, as the 
t3^es of stokers used in these classes are not basically new, wliile the 
industry is distinctly new, originating in 1923. The usual controls 
applied are as follows; 

а. Thermostats (plain and dock). 

б. Limit Controls (steam, vapor, hot water, etc.). 

c. Stack Temperature or Time Controls (for actuating fires periodically). 

d. Relay (for low voltage controls). 

e. Safety or Overload Cutout (for protection against overload). 

Class 4 Stokers, Large CommerdaL ICgH Pressure Steam Plants 

This class indudes stokers with grate areas above 36 sq ft and with 
hourly burning rates of over 1200 lb of coal per hour. The prevalent 
stokers in this field are: 

a. Overfeed flat grate stokers. 

&. Overfeed indined grate stokers. 

c. Underfeed side deaning stokers. 

d. Underfeed rear deaning stokers. 

Overfeed indined grate stokers are seldom built in sizes of over 500 hp 
and axe not as extensively used as other types of stokers. 

Underfeed side-cleaning stokers are made in sizes up to approximatdy 
500 hp and in this fidd are extensively used. These stokers are not so 
varied in design as those in the smaller classes although the prindple is 
much the same. Practically all of them are of the front coal feed type, 
either power driven or steam driven. Dump plates at the side are 
manually operated. These stokers are heavily built and designed to 
operate continuously at high boiler ratings with a minimum amount of 
attention. Because of the fact that all voktile gas must pass through the 
fire before reaching the combustion chamber, these stokers will operate 
smokelessly under ordinary conditions. Also because of the fact that 
these stokers are always provided with forced draft, they are the most 
desirable type for fluctuating loads or high boiler ratings. 

In the design of the grates for supporting the fuel between the retort 
and the ash plates, the stokers differ in providing for movement of the 
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fuel during combustion. Some stokers are designed with fixed grates of 
sufficient angle to provide for this movement as 5ie bed is agitat^ by the 
incoming fuel, while others have alternate moving and stationary' bars in 
this cirea and provide for this movement mechanically. In either type, 
with proper operation, all refuse will be deposited at the dump plate 
Recent developments in this type of stoker provide for sliding distributor 
blocks along the bottom of the retorts which give flexibility in providing 
proper distribution of fuel over the grate area and assist in preventing 
coke masses when strong coking coals are used. Another difference in 
these stokers is that some use a single air chamber under the whole grate 
area thus having the same air pressure under the ignition area as under 
the rest of the grate, while others have a divided air chamber using the 
full air pressure under the ignition area and a reduced air pressure under 
the remainder of the grate. These stokers vary in size from approxi- 
mately 5 sq ft to a maximum of 8H sq ft. 

The most prevalent type of rear-deaning underfeed stoker is the 
multiple retort design. Occasionally double or triple retort side-cleaning 
underfeeds are made. The multiple retort underfeed stoker is made for 
the largest sizes of boilers for large industrial plants and central stations. 
This stoker has reached a very fine st^e of development mechanically 
and in the matter of air supply and control. In some instances zoned air- 
control has been applied both longitudinally and transversely to the grate 
surface. Ash dumps on smaller sizes are sometimes manually operated. 

Table 1. Recommended Setting Heights for Heating Boilers 
Equipped with Mechanical Stokers^ 


Firiboz Boilirs 


Actual Load 

2500 



10000 

12500 

15000 

20000 

25000 

1 30000 

A 

18^ 

18^ 

20' 

20' 

22' 

22' i 

24' 1 

i 24' j 

24' 

B 

42^ 

48^ 

54' j 

60' 





84' 


A » Dutanoe Irom bottom of Water Leg to flo(^. B ■> Distanoe from Crown Sheet to bottom of Water Leg. 


Compact Wxldxd Bojubs 


Actual Load 

2500 

5000 

7500 

10000 

12500 

15000 

20000 

25000 

30000 

A 


18' 

20' 


22' 

22' 

24' 

24' 

24' 

B 

30' 

33' 

36' 

1 

1 42' 

45' 

48' 

54' 

60' 

60' 


A a Distance from bottom of Water Leg to flom- B * Distance from Crown Sheet to bottom of Water Leg. 

H R.T Bomms 


Hp 

50 




150 

175 

200 

225 

250 

275 

300 

mi 




1^^ 

7'.0' 


7^-6' 


8'-6' 

y-o' 

P'-O' 


A — Distance from bottom of shell to floor Hp Installed honepower 


In the case of the Firebox or Compact Welded tsrpe boilers the desired setting height can be obtained by 
combimng A and B dimmieions The load ratings shown for this class of boilers are actual developed loads 
in square feet of equivalent cast iron steam radiation and are not manufacturers* ratings. 

The setting heights given for H. R. T. boilen may be used for developed loads up to 50 pmr cent above 
normal rating. 

sFrom Data Prepared by the Mfdwesl Stoktr Assoesohcm. 
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while larger sizes are power operated. The number of retorts and dimen- 
sions of furnaces are practically unlimited. 

The V-type stoker is practically obsolete although many are still in 
operation. In this stoker, the grates are inclined downward from both 
sides of the furnace to a low point at the middle where there is either a 
dump plate for periodic disposal of the ash or a rotary ash grate for con- 
tinuous discharge of ash. In this stoker, the fuel is fed into a hopper at the 
top of the grate on each side of the furnace and advanced down the grates 
to the center where the refuse is accumulated. This stoker is adways 
provided with a combustion arch over the entire furnace for the purpose 
of assuring thorough combustion of the solid fuel and providing a furnace 
temperature sufficiently high to bum the volatile gases. Because of this 
high furnace temperature and because so little of the boiler surface is 
exposed to the fire to assist in carrying off the heat by radiation, this 
stoker is characterized by severe dinkering in the ash area. With all 
types of overfeed stokers, the most desirable installations are in boilers 
which are operated with comparatively uniform loads and moderate rates 
of combustion, since, even with good combustion arches, fluctuating loads 
or high combustion rates result in smoke. 

Table 1 gives recommended setting heights for heating boilers equipped 
with mechanical stokers. 

DOMESTIC on. BURNERS 

An oil burner is a mechanical device for producing heat automatically 
and safely from liquid fuels. This heat is produced in the furnace or fire- 
pot of hot water or steam boilers or warm air furnaces and is absorbed by 
the boiler, and thus made available for distribution to the house through 
the heating system. Heat production is thus only one of many functions 
to be performed by a heating system. 

Efficient heat production with any kind of fuel requires that all com- 
bustible matter in the fuel shall be completely consumed and that it shall 
be done with no more excess air than necess^. The combustion of oil is 
a rather rapid chemical reaction. Excess air provides an over supply of 
oxygen so that all of the oil, composed of carbon and hydrogen, "^l be 
completely oxidized and thus produce all the heat possible. The use of 
unnecessary excess air means no increase or decrease in the heat produced 
but it does mean that some air is needlessly heated and thrown away. 
This loss cannot be counteracted by any other part of the heating system 
and is therefore diargeable to the fuel-burning device. 

Oil is a highly concentrated fuel composed exclusively of hydrogen and 
carbon. In its liquid form oil cannot bum. It must be converted into a 
gas or vapor by some means. If the excess air is to be kept within 
efficient limi ts it means that air must be supplied in carefully regulated 
quantities. The air and oil vapor must be vigorously mixed to get a 
rapid and complete chemical reaction. The better the mixing, the less 
excess air that will be needed. The combustion must take place in a 
space that maintains the temperatures high so the reaction "^l not be 
stopped before completion. When equipp^ with a means of igniting the 
oil and safety devices to guard against mishaps, the oil burner possesses 
all of the elements to be dKdent and automatic. 
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The number of combinations of the characteristic elements of domestic 
oil burners is rather large and accounts for the variety of burners found in 
actual practice. Domestic oil burners may be classified as follows 

1. AIR SUPPLY FOR COMBUSTION 

а. Atmospheric — ^by natural chimney draft 

б. Mechamcal — electric-motor-driven fan or blower. 

c. Comhtnation of (a) and (b) — ^primary air supply by fan or blower and secondary 
air supply by natural chimney draft. 

2. METHOD OF OIL PREPARATION 

a. Vaporizing — oil distills on hot surface or in hot cracking chamber. 
h. Atomizing— oil broken up into minute globules. 

(1) Centrifugal — ^by means of rotating cup or disc. 

(2) Pressure — ^by means of forcing oil under pressure through a small 

nozzle or orifice. 

(3) Air or steam — ^by high velocity air or steam jet in a special type of 

nozzle. 

(4) Combination air and pressure — ^by air entrained with oil under pressure 

and forced through a nozzle. 

c. Comhtnation of (o) and (6). 

3. TYPE OF FLAME 

a. Luminous — a relatively bright flame. An orange-colored flame is usually best 
if no smoke is present. 

h. Non-luminous — Bunsen-type flame {i e , blue flame). 

4. METHODS OF IGNITION 

a. Electric, 

(1) Spark — ^by transformer producing hi^-voltage sparks. Usually 

shielded to avoid radio mterference. May take place continuously 
while the burner is operating or just at the b^^inning of operation. 

(2) Resistance— by means of hot wires or plates. 
h. Gas, 

(1) Continuous — ^pilot light of constant size. 

(2) Expanding — size of pilot light expanded temporarily at the beginning 

of burner operation. 

c. Combination — electric sparks light the gas and the gas flame ignites the oil. 

d. Manual — ^by manually-operated gas torch for continuously operating burners. 

5. MANNER OF OPERATION 

a. On and off— homes operates only a portion of the time f intermittent). 
h. High and low — ^burner operates continuously but varies from a high to a low 
flame. 

c. Graduated — ^burner operates continuously but flame is graduated according to 
needs by r^^ating both air and oil supply. 

A trade classification of oil burners consists of the following general 
t 3 rpes: {a) gun, (6) rotary and (c) pot. 

The gun type is characterized by an air tube, usually horizontal, with 
oil supply pipe centrally located in the tube and so arranged that a spray 
of atomized oil is introduced and mixed in the firepot with the air stream 
emerging from the air tube. A variety of patent^ shapes are employed 
at the end of the air tube to influence the direction and speed of the air 
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and thus the effectiveness of the mixing process. The most distinguishing 
feature of the rotary type is that the oil is discharged to the furnace or 
firepot by a rotating element of special design. The pot type can be 
identified by the presence of a metal structure, called a pot, in which 
combustion takes place. While fire brick linings in the boiler are necessary 
with the gun and rotary type, they are not needed with the pot type. 

The oil burners are operated by a small electric motor which pumps the 
oil and some or all of the air required. The smallest sizes can generally 
bum not much less than 1 3^ gal of oil per hour. The grade of oil burned 
ranges from No. 1 to No. 4 (see pp. 491 to 493). No. 4 oil is the heaviest 
and most viscous of the various grades mentioned. An oil burner satis- 
factory for No. 4 oil can bum any of the lighter grades easily but an oil 
burner recommended for No. 2 oil should never be supplied with the 
heavier grades. It has been found that while the heavier grades of oil 
have a smaller heat value per poimd, they have, due to greater density, a 
larger heat value per gallon. The relative economy of the various grades 
must be based upon price and the amount of excess air required for clean 
and efficient combustion. 

The Combustion Process 

Efficient combustion as previously indicated must produce a clean 
flame and must use relatively small excess of air (i.e., between 25 and 50 
per cent). This can be done only by vaporizing the oil quickly, com- 
pletely, and mixing it vigorously with air in a fiurepot hot enough to sup- 
port Ae combustion. A vaporizing burner («.e., pot type) prepares the 
oil vapor before it mixes with air to any extent. If air and oil vapor 
temperatures are high and the firepot hot, a clear blue flame is produced. 
There may be a deficiency of air as shown by the presence of carbon 
monoxide (CO) or an excessive supply of air, depending upon burner 
adjustment, without altering the clean, blue appearance of the flame. An 
atomizing burner (i.e., gun and rotary types) is so named because the oil 
in one way or another is mechanically separated into very fine particles 
so the surface exposure of the liquid to the radiant heat of the firepot is 
vastly increased and vaporization proceeds quickly. Since the air enters 
the firepot with the liquid fuel particles, it follows that mixing, vaporiza- 
tion and burning are all occurring at once in the same space. This pro- 
duces a luminous instead of a blue or non-luminous flame. In this case a 
deficient amoimt of air is indicated by a dull red or dark orange flame 
with smoky flame tips. 

An excessive supply of air may produce a brilliant white flame in some 
cases or, in others, a short ragged flame with incandescent sparks flashing 
through the combustion space. While extreme cases may be easily 
detected, it is generally not possible to distinguish, by the eye alone, the 
finer adjustments which competent installation requires. 

Certain tests indicate that there is no difference in economy between 
a blue flame and a luminous flame if the position, shape and the per cent 
of excess air of both flames are about the same. 

Furnace or Firepot Design 

It is evident that the atomizing burner is dependent upon the sur- 
roimding heated refractory or firebrick surfaces to vaporize the oil and 
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support combustion. WTiile the importance of the firepot is obvious, its 
design has been troublesome. Unsatisfactory combustion may be due to 
inadequate atomization and mixing. A firepot can only compensate for 
these things to a limited extent. If liquid fuel continually reaches some 
part of the firebrick surface, a carbon deposit will result. Fundamentally, 
the firepot should enclose a space having a shape similar to the flame but 
large enough to avoid flame contact. The nearest approach in practice 
is to have the bottom of the firepot flat but far enough below the nozzle 
to avoid flame contact; the sides tapering from the air tube at the same 
angle as the nozzle spray and the back wall rounded. A plan view of the 
firepot thus resembles in shape the outline of the flame. In this way as 
much firebrick as possible is close to the flame so it may be kept quite hot. 
This insures quick vaporization, rapid combustion and better mixing by 
eliminating dead or inactive spaces in the firepx)t. An overhanging arch 
at the back of the firepot is sometimes used to increase the flame travel 
and give more time for mixing and burning and sometimes to prevent the 
gases from going too directly into the boiler flues. When good atom- 
zation and vigorous mixing are achieved by the burner, firepot design 
becomes a less critical matter. Where secondary air is used, firepot 
design is quite important. Manufacturers generally provide careful 
directions and in some instances provide special firebrick shapes suited 
to their burners. 

OH and Air Adiusfmenfs 

Where adjustments of oil and air have been made which give efficient 
combustion, the problem of maintaining the adjustments constant be- 
comes an important one. Particularly is this true when tie change 
causes the per cent of excess air to decrease below allowable limits of the 
burner. A decrease in air supply while the oil delivery remains constant 
or an increase in oil delivery while the air supply remains constant will 
make the mixture of oil and air too rich for clean combustion. The more 
efficient the adjustment (i.e., 26 per cent excess air) the more critical it 
will be of variations. The oil and air supply rates must remain constant. 

The following factors may influence the oil delivery rate: (a) changes 
in oil viscosity due to temperature change or variations in gr^e of oil 
delivered, (b) erosion of atomizing nozzle, (c) fluctuations in by-pass relief 
pressures and \d) possible variations in methods 26 (3) and 26 (4) listed in 
the previous clasSfication table. Note that any ^ange due to partial 
stoppage of oil delivery will increase the proportion of excess air. This 
will result in less heat, reduced economy and possibly a complete inter- 
ruption of service but usually no soot will form. 

The following factors may influence the air supply: (a) changes in 
firepot draft due to a variety of causes {i.e,, changes in chinmey draft 
because of weather changes, seasonal changes, back drafts, failure or 
inadequacy of automatic draft r^ulator, use of chimney for other pur- 
poses, possible stoppage of the chimney and changes in draft resistance of 
boiler due to partial stopple of the flues), (6) changes in air inlet adjust- 
ments to the fan — collection of lint and dirt on the inlet grille may be 
enough in some cases. 
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Measurement of the Effidency of Combustion 

Efiicient combustion being based upon a clean flame and certain 
proportions of oil and air employed, it is possible to determine the results 
by analyzing the gases formed by the combustion process. An Orsat 
apparatus is a device which measures the volume of carbon dioxide 
(COs), oxygen (O 2 ) and carbon monoxide (CO) in the flue gases. Except 
in the case of a non-luminous flame it is usually sufficient to analyze only 
for carbon dioxide (CO 2 ). A showing of 10 to 12 per cent indicates the 
best adjustment if the flame is clean. Most of the good installations at 
the present time show from 8 to 10 per cent CO 2 . Taking into account 
the potential hazard of oil or air fluctuations with low excess air (high 
CO 2 ) a setting to give 10 per cent CO 2 constitutes a reasonable standard 
for the majority of oil burners. 

Additional Design Considerations 

Efficient combustion is found to be a question of good design plus_ a 
competent installation but it is not the sole feature of a completely satis- 
factory job. The following items should all be considered : (a) clean and 
efficient combustion, (b) a setting of the oil-burning rate to give the proper 
gross load, (c) a boiler to absorb the h^t efficiently, (d) quiet operation, 
and (e) suitable control and safety devices. 

The Gross Load 

See Chapter 25 for general material on allowances, etc. To the design 
or heat loss of the house (Chapter 7), it is customary to add an allowance 
for piping and pick-up. The most common value for piping is 25 per cent 
and for pick-up 20 per cent. To these allowances should be added an 
allowance where domestic hot water is heated by the boiler. (See Chapter 
35 for information on Domestic Hot Water). The design load plus the 
sillowances indicates the gross load that should be produced by the boiler. 
While in every case the gross load mil exceed the design load if adequate 
heating response is to be achieved, there is, however, no object whatever 
in over^timating the allowances. The only effect would be to reduce the 
time of pick-up by a few minutes. Otherwise, it might mean forcing the 
boiler unduly and increasing the cost of operation. 

Setting the Rate of Oil Burning 

The rate of oil burning to get the gross output depends upon the com- 
bustion (i.e., per cent COz) and the efficiency of the boiler in absorbing 
heat. The oil burning rate in conversion jobs — ^where a burner is placed 
in existing equipment — ^is troublesome to adjust accurately because the 
boiler efficiency is usually a matter of conjecture rather than actual 
knowledge. In general, each gallon of oil burned per hour will produce a 
boiler output of from 300 to 450 ft of steam radiation (see Fig. 7). The 
number of possible burners, adjustments, and boilers makes each instal- 
lation a separate problem. Obviously, a satisfactory setting depends 
upon the knowledge, experience and judgment of the individusd installer. 
It seems wise to set the oil-burning rate on the low rather than high side. 
The tendency has always been the other way. The oil-burning rate can 
easily be increased. If properly explained to the owner, he will appreciate 
the situation if subsequent adjustments are necessary. 
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Boiler-Burner Units 

Boilers especially designed for oil burners are gradually becoming 
available to the purchaser of this t>pe of equipment. They are used for 
replacements as well as for new installations. These boilers have more 
heating surface than the older coal-burning designs. Flue proportions 
and gas travel have been changed with beneficial results. All questions 
of firepot design, capacities, eflSciencies, etc., have been determined. The 
selection of the proper size of unit should be a simple process. 

Controls 

Oil burner controls may be divided into two parts; fa) devices to 
regulate burner operation so the desired house heating result may be 
obtained and (6) devices for the safety and protection of the boiler and 
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Assumptions 
' Calonfic value of oi'. 

. 141.000 Btu per gallon 
1 boiler horsepower 
- 33.523 7 Btu per hour 
1 sq ft steam radiation, 

' 240 Btu per hour 
. 1 sq ft hot water radutmn^ 
160 Btu per hour 





instructioits for use of chart 


1- Locate efftaency on scale D 
and draw a (me to point A. - 

2- Locate boiler rabng on scale 
A, B or C, and draw a hon- ^ 

zortal line to lire 1 

3- From this mtersccbon draw 
alma downward to scale E - 
whiCh indicates fuel con- 
sumption in gallons ~ 
perhw 
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SCALE E OIL CONSUMPTION. GALLONS PER HOUR 
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Fig. 7. Full Load Rate of Oil Consumption for Heating Boilers 


burner. For control devices generally consult Chapter 14. The room 
thermostat has recently been improved to provide more frequent burner 
operation and greater uniformity of room temperature. Class (b) controls 
comprises a device to shut off the burner if the oil fails to ignite or if the 
flame should cease due to lack of oil; a device actuated by steam boiler 
pressure to shut off the burner when the pressure reaches some pre- 
determined value; a device on the boiler to shut off ihe burner if the_ water 
level acts too low for safety or one which automatically feeds addition^ 
water to the boiler; a device on warm air furnaces to shut off the burner if 
Ae air temperature gets too high; a valve in the oil supply line which 
automatically closes in the event of fire in or near the cellar; and a device 
to keep the temperature of the boiler water within certain limits when it is 
being used to heat domestic hot water. These devices are all tested and 
approved by the Underwriters' Laboratory of Chicago, III., before they 
are offered to the purchaser. The selection of class (&) devices is made by 
the oil burner manufacturer. 
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Domestic Hot Water Supply 

Provisions for heating domestic hot water in connection with automatic 
fuel-burning devices through heat exchangers attached to the boiler are 
fully described in Chapter 35. 

COMMERCIAL OR. BURNERS 

Liquid fuels are used for heating apartment buildings, hotels, public 
and office buildings, schools, churches, hospitals, department stores, as 
well as industrial plants of all kinds. Contrary to domestic heating, con- 
venience seldom is a dominating factor, the actual net cost of heat pro- 
duction usually controlling the selection of fuel. Some of the largest office 
buildings have been using oil for many years. Many department stores 
have found that floor space in basements and sub-basem^ts can be used 
to better advantage for merchandising wares, and credit the heat pro- 
ducing department with this saving. 

Wherever possible, the boiler plant should be so arranged that either 
oil or solid fuel can be used at will, permitting the management to take 
advantage of changes in fuel costs if any occur. Each case should be 
considered solely in the light of local conations and prices. 

Burners for commercial heating may be either large models of typ^ 
used in domestic heating, or special types developed to meet the condi- 
tions imposed by the boilers involved. Generally speaking, such burners 
are of the mechanical or pressure atomizing types, the former using 
rotating cups producing a horizontal torch-like flame. As much as 350 gd 
of oil per hour can be burned in these units, and frequently they are 
arranged in multiple on the boiler face, from two to five burners to each 
boiler. 

The larger installations are nearly always started with a hand torch, 
and are manually controlled, but the use of automatic control is increasing, 
and completely automatic burners are now available to bum the two 
heaviest grades of oil. Nearly all of the smdler installations, in schools, 
churches, apartment houses and the like, are fully automatic. 

Because of the viscosity of the heavier oils, it is customary to heat them 
before transferring by truck tank. It also has been common practice to 
preheat the oil between the storage tank and the burner, as an aid to 
movement of the oil as well as to atomization. This heating is accomplished 
by heat-transfer cx)ils, using water or steam from the heating boiler, and 
heating the oil to within 30 deg of its flash point. 

Unlike the domestic burner, units for large conunerdal applications 
frequently consist of atomizing nozzles or cups mounted on the boiler 
front with the necessapr air regulators, the pumps for handling the oil 
and the blowers for air supply being mounted in sets adjacent to the 
boilers. In such cases, one pump set can serve several burner units, and 
common prudence dic:tates the installation of spare or reserve pump sets. 
Pre-heaters and other essential auxiliary equipment also should be in- 
stalled in duplicxLte. 

Boil» Settings 

As the volume of space available for combustion is the determining 
factor in oil consumption, it is general practice to remove grates and 
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extend the combustion chamber downward to include or even exceed the 
ash-pit volume; in new installations the boiler should be raised to make 
add^ volume available. Approximately 1 cu ft of combustion volume 
should be provided for every developed boiler horsepower, and in this 
volume from 1.5 to 2 lb of oil can properly be burned. This cor- 
responds to a maximum liberation of about 38,000 Btu per cubic foot per 
hour. There are indications that at times much higher fuel rates may be 
satisfactory. This in turn suggests that the value of 38,000 Btu per cubic 
foot per hour might be adjust^ according to good engineering judgment. 
For best results, care should be taken to keep the gas velocity below 40 ft 
per second. Where checkerwork of brick is used to provide secondary air, 
good practice calls for about 1 sq in. of opening for each pound of oil 
fired per hour. Such checkerwork is best adapted to flat flames, or to 
conical flames that can be spread over the floor of the combustion chamber. 
The proper bricking of a laige or even medium sized boiler for oil firing is 
important and frequently it is advisable to consult an authority on this 
subject. The essential in combustion chamber design is to provide 
against flame impingement upon either metallic or fire-brick surfaces. 
Manufacturers of oil burners usually have available detailed plans for 
adapting their burners to various types of boilers, and such information 
should be utilized. 


GAS-FIBED APPLIANCES 

The increased use of gas for house heating purposes has resulted in the 
production of such a large number of different types of gas-heating 
systems and appliances that today there is probably a greater variety of 
them than there is for any other land of fud. 

Gas-fired heating systems may be dassified as follows: 

I. Gas-Designed Heating Systems. 

A. Central Heating Plants. 

1. Steam, hot water, and vapor boHers. 

2. Warm air furnaces. 

B. Unit Heating Systems. 

1. Warm air floor furnaces. 

2. Industrial unit heaters. 

3. Space heaters. 

4. Garage heaters. 

II. Conversion Heating S 3 rstems. 

A. Central Heating Plants. 

1. Steam, hot water and vapor boilers. 

2. Warm air basement furnaces. 

The majority of these systems are supplied with dther automatic or 
manual control. Central heating plants,^ for ejcample, whether gas 
designed or conversion systems, may be equipped with room temperature 
control, push button control, or manual control. 

Although no exact rules can be prescribed a.s to ^e fidd best covered by 
each of the foregoing systems, each installation will have problems point- 
ing more or less directly to some particular type of heating equipment. 
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Gas-Fired Boilers 

Information on gas-fired boilers will be found in Chapter 25. 

Either snap action or throttling control is available for gas boiler opera- 
tion. This is especially advantageous in straight steam systems because 
steam pressures can be maintained at desired points, while at the same 
time complete cut-off of gas is possible when the thermostat calls for it. 

Warm Air Furnaces 

There are two general classes of gas-fired warm air furnaces, the 
gravity furnace which depends upon the natural tendency of heated air to 
rise, providing the proper circulation of heated air into lie room, and the 
mechanical circulation furnace by which the air to be heated is forced 
through or drawn through the furnace by means of a fan. 

Warm air furnaces are variously constructed of cast iron, sheet metal 
and combinations of the two materials. If sheet metal is used, it must be 
of such a character that it will have the maximum resistance to the cor- 
rosive effect of the products of combustion. With some vmeties of 
manufactured gases, this effect is quite pronounced. Warm air furnaces 
are obtainable in sizes from those sufficient to heat the largest residence 
down to sizes applicable to a single room. The practice of installing a 
number of separate furnaces to heat individual rooms is peculiar to mild 
climates, such as that of Southern California. Small furnaces, frequently 
controlled by electrical valves actuated by push-buttons in the room 
above, are often installed to heat rooms where heat may be desired for an 
hour or so each day. These furnaces are used also for heating groups of 
rooms in larger residences. In a system of this type each furnace should 
supply a group of rooms in which Ae heating requirements for each room 
in die group are similar as far as the period of heating and temperature 
to be maintained are concerned. B^rooms, living rooms, and dining 
rooms often present excellent possibilities for this type of furnace. 

The same fundamental principle of design that is followed in the con- 
struction of boilers, that is, brealdng the hot gas up into fine streams so 
that all partides are brought as dose as possible to the heating surface, 
is equally applicable to the design of warm air furnaces. The desirability 
of using an appliance designed for gas, when gas is to be the fuel, applies 
even more strongly to furnaces than to boilers. 

Codes for proportioning warm air heating plants, such as that formu- 
lated by the National Warm Air Heating and Air Conditioning Association 
(see note p. 419), are equally applicable to gas furnaces and coal furnaces. 
Recirculation should always be practiced with gas-fired warm air furnaces. 
It not only aids in heating, but is essential to economy. Where fans are 
used in connection with warm air furnaces for residence heating, it is 
well to have the control of the fan and of the gets so coordinate that 
there will be suffident delay between the turning on of the gas and the 
starting of the fan to prevent blasts of cold air being blown into the 
heated rooms. An additional thermostat in the air duct easily may be 
arranged to accomplish this. 

Floor Furnaces 

Warm air floor furnaces are well adapted for heating first floors, or 
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where heat is required in only one or two rooms. A number may be used 
to provide heat for the entire building where all rooms are on the ground 
floor, thus giving Ae heating system flexibility as any number of rooms 
may be heated without heating the others. With the usual type the 
register is installed in the floor, the heating element and gas piping being 
suspended below. iUr is taken downward between the two sheets of the 
double casing and discharged upward over the heating surfaces and into 
the room. The appliance is controlled from the room to be heated by 
means of a control lever located near the ^ge of the register. The handle 
of the control is removable as a precaution against accidental turning 
on or off of the gas to the furnace. 

Space heaters are generally used for auxiliary heating, but may be, and 
are in many cases, installed for furnishing heat to entire buildings. Space 
heaters are quite extensively used for house heating in milder climates 
such as exist in the South and Soutfiwest. With the exception of wall 
heaters, they are portable, and can be easily removed and stored during 
the summer season. Although they should be connected with solid piping 
it is sometimes desirable to connect them with flexible gas tubing in which 
case a gas shut-off on the heater is not permitted, and only A.G.A. 
approv^ tubing should be used. 

Space Heaters 

Parlor furnaces or circulators are usually constructed to resemble a 
cabinet radio. They heat the room entirely by convection, the cold 
air of the room is dr3.\m in near the base and passes up inside the jacket 
around a drum or heating section, and out of the heater at or near the top. 
These heaters cause a continuous circulation of the air in the room during 
the time they are in operation. The burner or burners are located in the 
base at the bottom of an enclosed combustion chamber. The products of 
combustion pass up around baffles within the heating element or drum, 
and out the flue at the back near the top. They are well adapted not only 
for residence room heating but also for stores and offices. 

Radiant heaters make admirable auxiliary heating appliances to be u^ 
during the occasional cool days at the beginning and end of the heating 
season when heat is desired in some particular room for an hour or two. 
The radiant heater gives off a considerable portion of its heat in the form 
of radiant energy emitted by an incandescent refractory that is heated by 
a Bunsen flame. They are made in numerous shapes and designs and in 
sizes ranging from two to fourteen or more radiants. Some have sheet- 
iron bodies finished in eneimel or brass while others have cast-iron or brass 
frames with heavy fire clay bodies. An atmospheric burner is supported 
near the center of the base, usually by set screws at each end. Others 
have a group of small atmospheric burners supported on a manifold 
attached to tie base. Most radiant heaters me supported on l^s and are 
portable; however, there are also types which are encased in a jacket 
wHch fits into the wall with a grilled front, similar to the ordinary wall 
raster. Others are encased in frames whidi fit into fireplaces. 

Gas-fired steam and hot water radiators are popular t 5 npes of room heating 
appliances. They provide a form of heating apparatus for intermittently 
heated spaces such as stores, small churches and some types of offices and 
apartments. They are made in a large variety of shapes and sizes and are 
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similar in appearance to the ordinary steam or hot water radiator con- 
nected to a basement boiler. A separate combustion chamber is provided 
in the base of each radiator and is usually fitted with a one-piece burner. 
They may be secured in either the vented or unvented types, and with 
steam pressure, thermostatic or room temperature controls. 

Warm air radiators are similar in appearance to the steam or hot water 
radiators. They are usually constructed of pressed steel or sheet metal 
hollow sections. The hot products of combustion circulate through the 
sections and are discharged out a flue or into the room, depending upon 
whether the radiator is of the vented or unvented type. 

Garage heaters are usually similar in construction to the cabinet 
circulator space heaters, except that safety screens are provided over all 
openings into the combustion chamber to prevent ^y possibility of 
explosion from gasoline fumes or other gases which might be ignited by 
an open flame. They are usually provided with automatic room tem- 
perature controls and are well suited for heating either residence or 
commercial garages. 

Conversion Burners 

Residence heating with gas through the use of conversion burners in- 
stalled in coal-designed boilers and furnaces represents a common type 
of gas-fired house heating system, especially in natural gas territories. 
In many conversion burners radiants or refractories are employed to 
convert some of the energy in the gas to radiant heat. Others are of the 
blast type with luminous flames, operating without refractories. In each 
case an attempt is made to transfer the majority of the heat from the gas 
to the medium to be heated within the firepot itself because of the low 
heat transfer that takes place in the flue passages. 

Many conversion units are equipped with sheet metal secondaty air 
ducts which are inserted through the ash-pit door. The duct is equipped 
witih automatic air controls which open when the burners are operating 
and dose when the gas supply is turned off. This prevents a large part 
of the drculation of cold air through the combustion space of die ap- 
pliance when not in operation. By means of this duct the air necessary 
for proper combustion is supplied Erectly to the btmer, thereby making 
it possible to reduce the amount of excess air passing through the com- 
bustion chamber. 

Conversion units are made in many sizes both round and rectangular 
to fit different types and makes of boilers and furnaces. They may be 
secured with manual, push button, or room temperature control. 

Sizing Gas-Fired Heating Plants 

While gas-buming equipment can be and usually is so installed as to be 
completely automatic, maintaining the temperature of rooms at a pre- 
determined and set figure, there are in use installations which are manually 
controlled. Experience has shown that in order to effectivdy overcome 
the starting load and losses in piping, a manually-controlled gas boiler 
should have an output as much as 100 per cent greater than the equivalent 
standard cast-iron column radiation which it is expected to serve. 

Boilers under thermostatic control, however, are not subject to such 
severe pick-up or starting loads. Consequently, it is possible to use a 
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much lower selection, or safety factor. A gas-fired boiler under ther- 
mostatic control is so sensitive to variations in room temperatures that in 
most cases a factor of 25 per cent is sufficient for pick-up load. 

The factor to be allowed for loss of heat from piping, however, must 
vary somewhat, the proportionate amount of piping installed being con- 
siderably greater for small installations than for large ones. Consequently, 
a selection factor for thermostatically controlled boilers must be variable. 
Table 2 gives liberal selection factors to be added to the installed steam 
radiation under thermostatic control. They have been established by 
experience and are recommended by the American Gas Association. 

The same factors may be used in determining the gas demand for which 
conversion burners installed in steam or hot water boilers should be set. 
Multiplying the equivalent direct heating surface (radiation) by 240 and 
adding the appropriate percentage from Table 2, and then dividing by the 
heat value of the gas and by the heating efficiency (see discussion of 


Table 2. Selection Factors for Gas Boilers 


Ci8t-1bon Stbau RADz\no'« 

(Equivalent Sqitabx Feet) 

Selectuk Factor 
(Feb Ceet) 

500 

56.0 

800 

54.0 

1,200 

51.0 

1,600 

48.0 


45.0 

3,000 

425 

4,000 and over 

40 0 


heating efficiencies in Chapter 29), gives the proper hourly rate of gas 
consumption. However, inadequate boiler heating surface for gas 
burning, often encounter^ in coal-designed boilers converted to gas, may 
necessitate operation at a lesser demand, resulting in much slower pick-up 
and less margin of safety for piping loss. 

Appliances used for heating with gas should bear the approval seal 
of the American Gas Association Testing Laboratory. Installations should 
be made in accordance with the recommendations shown in the publica- 
tions of that association. 

Ratings for Gas Appliances 

Since a gas appliance has a heat-generating capacity that can be pre- 
dicted accurately to within 1 or 2 per cent, and since this capacity is not 
affected by such tilings as condition of fuel bed and soot accumulation, 
makers of these appliances have an opportunity to rate their product in 
exact terms. Consequently all makers give thdr product an hourly Btu 
output rating. This is the amount of heat that is available at the outlet of 
a boiler in the form of steam or hot water, or at the bonnet of the furnace 
in the form of warm air. The output rating is in turn based upon the 
Btu input rating which has been approved by the Am^ican Gas Asso- 
ciation Testing Laboratory and upon an average efficiency which has 
b^n assigned by that association. 
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In the case of boilers, the rating can be put in terms of square feet of 
equivalent direct radiation by dividing it by 240 for steam, and 150^ for 
water. This gives what is called the American Gas Association rating, and 
is the manner in which all appliances approved by the American Gas 
Association Laboratory are rated. To use these ratings it is only necessary 
to increase the calculated heat loss or the equivalent direct radiation load 
by an appropriate amount for starting and piping, and to select the boiler 
or furnace with the proper rating. 

The rating given by the American Gas Association Laboratory is not 
only a conservative rating when considered from the standpoint of 
capacity and efficiency, but is also a safe rating when considered from the 
standpoint of physical safety to the owner or caretaker. The rating that 
is placed upon an appliance is limited by the amount of gas that can be 
burned without the production of harmful amounts of carbon monoxide. 
This same limitation applies to all classes of gas-consuming heating 
appliances that are tested and approved by the Laboratory. Gas boilers 
are available with ratings up to 14,000 sq ft of steam, while furnaces with 
ratings up to about 600,000 Btu per hour are available. (See Chapter 24.) 

Installation Features 

One feature of the piping installation that adds to the satisfactory 
service rendered by gas boilers is provision for adequate and rapid venting 
of the air from steam heating systems. If air le^s into the steam dis- 
tribution system during the period that the gas is turned off, and then 
vents out slowly when the thermostat calls for heat, the result will be a 
further cooling of the premises between the time that the thermostat 
calls for heat and the time that steam reaches the radiators. A freely 
venting steam or vapor system gives maximum economy and minimum 
temperature vauiation. When gas boilers are attached to existing heating 
plants, it is good practice to check the eflFectiveness of the venting devices 
and if necessary to replace them with more effective ones that will prevent 
the return of air into the heating system, and also to check the tightness 
of the piping. 

Frequently when a coal boiler is already installed in a home, it 
is expedient to leave the coal boiler in place, and to cross-connert the 
gas boiler witii it. Where gas heating is new to the community, it pro- 
duces a more secure feding in the customer’s mind when putting in gas- 
fired house-heating equipment, if he knows that he can bum cod at any 
time he may desire. For steam or vapor installations, it is desirable to 
have the water line in both boilers at the same level. 
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PROBLEMS IN PRACTICE 

1 • What features of furnace design are essential for the proper burning of the 
Yolatile coal gases above the fuc4 bed? 

Adequate provirions should be made so that the furnace volume is sufficiently liberal 
and that the gmtes are a sufficient distance from the heating surfaces to permit the 
proper combustion of gases. 

2 • Classify stokers as to construction and operation. 
a. Overfeed flat grate. 

h. Overfeed inclined grate. 

c. Underfeed side cleanmg type 

d. Underfeed rear cleanmg type. 

3 • What classification may be made of stokers as to their use? 

Class 1. For residences (Capacity less than 60 lb of coal per hour). 

Class 2. For apartment houses and small commercial heatmg jobs (Capacity 60 to 500 
lb of coal per hour). 

Class 3. For general commercial heating and small high pressure steam plants (Capacity 
500 to 1200 lb of coal per hour). 

Class 4. For large commerdal and high pressure steam plants (Capacity over 1200 lb of 
coal per hour and over 36 sq ft grate area). 

4 • What main parts are found in an underfeed residential stoker? 

A Jtop^ is supplied to hold coal which is fed hy a screw or plunger into a retort provided 
with air openings called tuyeres. A blower supphes air under pressure for combustion, and 
a gear case provides for changes in coal feeding rates 

5 • What is a dead-plate? 

A dead-i)late is a flat surface without air supply openings upon which the fuel rests while 
combustion of the fixed carbon is completed. C^er^y the ash is removed from the 
dead-plate. 

6 # What rate of coal burning is usually recommended for small underfeed 
stokers? 

For continuous operation, 25 lb per square foot of grate surface is recommended; for 
short duration peaks, 30 lb. 

7 • What methods of oil atomization are used? 

1. Throwing the oil from a rotating cup or disc. 

2. Forcing the oil under high pressure through a nozzle. 

3. Propelling the oil with a high velocity jet of air or steam, 

4. Forcing an oil and air mixture through a nozzle 
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B • What is the purpose of atomization? 

Atomization is used to increase the surface area of the oil in order to facilitate putting it 
into a vaporous state so it may bum. 

9 • Is the furnace of much importance in oil burning? 

In most cases it is very important. It is the function of the oil burner to supply the air 
and fuel in correct proportions, the furnace must provide heated space for proper mixing 
and combustion. 

10 • Which flame is considered better, the luminous or the non-luminous? 
Laboratory tests show that they are equally efficient in the usual installation. 

11 • What main precaution is necessary in choosing a boiler for an oil burner? 

Since the burner output is usually varied through a wide range under control of the 
thermostat, a boiler should be provided with enough indirect heating surface to absorb 
the heat as it is rdeased. The combustion space must be large enough, and have correct 
proportions for mixing fuel and air at high temperatures. If oil is used inefficiently 
high heating costs will result 

12'# How should oil burner adjustments he made? 

Adjustments should be made by an experienced man who uses a gas analysis apparatus 
to determine the COt content 

13 • What COi content should be attained in oil burning? 

Ten per cent COa is considered good practice, for it indicates the supplying of 50 per cent 
excess air. 

14 • What maximum heat release is considered good practice in oil burning? 

A heat release of 38,000 Btu per cubic foot per hour is considered to be the maximum for 
avcpLge large installations. This figure has been greatly exceeded in some cases. The 
design of the combustion chamber, as to impingement of flame and as to proper mixing 
at high temperatures, has much to do with the attainable heat release. 

15 • Name five types of gas-fired space heaters, 

a. Parlor furnaces or circulators 

5. Radiant heaters. 

c. Gas-fired steam or hot water radiators. 

d. Warm air radiators, 
s. Garage heaters 

16 • How are gas heating units rated? 

Gas-fired units are rated on the basis of output in Btu per hour. 

17 • What safety consideration is noted in establishing the ratings of gas-fired 
units? 

The rating is limited by the amount of gas that can be burned without the liberation of 
harmful amounts of carbon monoxide. 

18 • List some factors which might account for possible economies of stoker 
firing over hand firing. 

a. The r^;ular feed of coal instead of the intermittent feed. 

b. The use of cheaper sizes and grades of fud. 

c. The absence of door openings for firing purposes, which avoids the admission of cold 
excess air. 

d. The avoidance of overheating because the stoker responds quickly to automatic 
equipment controlled by the heat demand. 
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HEAT AND FUEL UTILIZATION 


Total Heat Loss RequirementSf Utilisation Factors, Degree^Day 
Methods, Base Temperature Determinations, Steam Consumption 
of Buildings, Fuel Consumption, Maximum Demands, Load Factors 

T he hourly heat loss (H) is equal to the sum of the transmission 
losses (iZt) and the infiltration losses (Hi) of the rooms or spaces to 
be heated. The total equivalent heating surface required is equal to 

240 

In estimating the fuel consumption of a building of more than oTne 
room divided by walls or partitions, it is not correct to use the calculated 
heat loss of the building without making the proper allowances for the 
fact that the heating load at any time does not involve the sum of the 
infiltration losses of all the heated spaces of the building but only part of 
the infiltration losses. This is explained in Chapter 6. 

It is sufficiently accurate in most cases to consider only half of the total 
infiltration losses of a building having interior walls and partitions. The 
value of H in Equation 1 would, under these conditions, be equal to 

Ht + In some cases, where the building has no interior walls or 

partitions, the infiltration losses are calculated by using only half of the 
total crack. In this case the entire infiltration loss should be considered. 

The heat required to warm the cold building and contents is a factor to 
be considered. Under certain conditions the cooling of the structure and 
contents will, to some extent, compensate for the heat required to rewarm 
the building- For example, if the building is under thermostatic control 
and the day and night temperatures are, 70 F and 50 F respectively, there 
will be a period during which no heat will be added while the building is 
cooling to 50 F, and the saving resulting therefrom will correspond to the 
additional heat required to bring the building and contents back to the 
daytime temperature. 

ESTIMATING FUEL CONSUMPTION 

There are two methods in use for estimating heat or fuel consumption. 
One method is theoretical, based on a calculated heat loss and assuming 
absolute constant temperatures for very definite hours each day through- 
out the entire heating season. It does not take into account factors which 
are difficult to evaluate such as opening of windows, abnormal heating of 
the building, sun effect, poor heating systems, etc. 
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The second method is based on steam consumption data which have 
been taken from a group of buildings in operation, and the results com- 
puted on a degree-day basis. While this method may not be as theo- 
retically correct as the first mentioned method, it is of more value for 
practical use. Calculations of heat consumption made by the second 
method will invariably be higher than calculations made by the first 
method. 


Theoretical Estimation Method 

To predict the amount of fuel likely to be consumed in heating a 
building during a normal heating season, it is necessary to know the total 
heat requirements of the building and the utilization factor of the fuel. 
The accuracy of the estimate will depend on the ability to select these 
values and on the care taken in making allowances for other variable 
factors. 

Heat requirements are given by the following general formula: 

0 ) 

Id h 


Steam requirements are determined by dividing the above by 1000, 
thus; 


{td- to) 1000 

Fuel requirements may be determined by the following formula: 

M 


F = 


CX JS 


( 2 ) 


(3) 


where 

t = inside temperature, d^ees Fahrenheit. 

td = inside design temperature, d^ees Fahrenheit. 

U, — average outside temperature, d^ees Fahrenheit (Table 2, Chapter 7). 

to = outside design temperature, d^ees Fahrenheit. 

E * calculated heat loss of building based on outade temperature (io), Btu per hour. 

N = number of heating hours per season, 5088 from October 1 to May 1^ 

M — heat loss, Btu per season, 

S = steam required to supply M Btu of heat loss. 

F » quantity of fud required per heating season. 

C = calorific value of one unit of fud, the unit being the same as that on which 
F is based. 

E = efficiency of utilization of the fud, per cent. 

Example 1, A small factory building located in Philaddphia is to be heated to 60 F 
between the hours of 7 a.m. and 7 P.M., and to 50 F durmg the remaining hours. The 
calculated hourly heat loss based on a desi^ temperature of — 6 F is 500,000 Btu. If 
coal having a calorific value of 12,500 Btu is fired and the overall heating efficiency is 
assumed to be 60 per cent, how many pounds of steam would be required for a normal 
heating season? 

iThis u the period for which fa (Table 2, Chapter 7) is calculated If the heating season is different 
than this penod, the corrected values may be substitute for N and fa 
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Solution Since there are no partitions in the building, the entire heat loss is con- 
sidered. From Table 2, Chapter 7, the average outside temperature '/a* during the 
heating season is 41 9 F; .Y for the penod for which is taken ''October 1 to May 1) is 
50SS; H = 500,000, f© = —6 F; i = 50 F and 60F;/d =“ 60F;£ =60 per cent 
average for heating season, C — 12,500 


The average daily temperature for the 24 hours is* 


50 X 12 -r 60 X 12 


= 55 F 


Substituting in Equation 1 : 


If - - S»,«2,I100 


S = 504,942 lb of steam. 


^ = 0- r?iS) - Ib of coal - 33.7 tons. 


Practical or Degree-Day Method 

The amount of heat required by a building depends upon the outdoor 
temperature, if other variables are eliminated. Theoretically it is pro- 
portional to the difference between the outdoor and indoor temperatures. 
Some years ago the American Gas Association^ determined from experi- 
ment in the heating of residences that the gas consumption varied directly 
as the difference between 65 F and the outside temperature. In other 
words, on a day when the temperature was 20 deg below 65 F, twice as 
much gas was consumed as on a day when the temperature was 10 deg 
below 65 F. The d^ree day is defined in Chapter 44. Degree-days for 
various cities in the United States and Canada are given in Table 1. 

Establishing the Base Inside Temperature. Recently the National 
District Heating Association has studi^ the metered steam consumption 
of 163 buildings? in 22 different cities and has published data substanti- 
ating the fact that the 65 F base originally chosen by the gas industry is 
approximately correct. 

The steam consumption of each building by months was divided by the 
number of days in each month, thus giving the averse daily steam con- 
sumption by months. The average steam consumption was then plotted 
against the average monthly temperature, as shown in Fig. 1, and the 
temperature at which a line drawn through the points crossed the base 
line indicated the temperature corresponding to zero steam consumption, 
or the base temperature. The composite results from 163 buildings 
calculated in this manner are shown in Table 2. 

The resultant average of 66.0 F is dose to the A.G.A. figure of 65 F. 
It will be noted that tiie base temperature calculated for hotels, apart- 
ments and residences is consistently higher than those for such buildings 
as garages, auto sales buildings, and manufacturing buildings. This, of 
course, would be expected in view of the higher inside temperatures 
carried in the former group; in fact, an even greater difference would be 


sSee Indusbnal Gas Serus, House Heating (fhvrd editton) published by the Amencan Gas Association 
*Theae buildings are all served with steam from a district heating company. 
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Table 1. Degree-Days for Cities in the United States and Canada® 


State 

City 

Jan 

Feb 

Mae 

Apr 

Mat 

Sept 

Oct 

Nov 

- 

Dec 

Total 

Ala 

Rirmingham ___ 

589 

577 

260 

69 



318 

595 

2408 


Mnhilf* 

428 

311 

152 





186 

394 

1471 

Aris! 

Fla£r«5taff 

1153 

969 

896 

654 '636b 292d 

577 

840 

1128 

7145 


Tucson 

459 

325 

257 

87 




252 

465 

1845 

Art 

Hot Springs 










2665 


Little Rock 

719 

582 

353 

78 



47 

381 

651 

2811 

Calif 

Los Angeles 

326 

266 

239 

159 

90 



123 

301 

1504 


San Francisco 

465 

356 

354 1 294 

458b 

502c 

146 

261 

428 

3264 

Col 

Colorado Springs.. 

1085 

993 

884 

612 

459b 

162 

502 

789 

1067 

6553 


Dpnvftr _ ___ _ __ 

1079 

918 

799 

534 

267 

72 

428 

759 

1017 

5873 

Conn 

New Haven 

1110 

1011 

899 

543 

223 

39 

360 

693 

1017 

5895 

n r 

\V?> sh i.ngt on 










4626 

Fla 

Jacksonville . 

285 

207 

56 





75 

267 

890 

Ga. 

Atlanta 

682 

558 

388 

132 



96 

396 

639 

2891 


Savannah 

409 

316 

167 





201 

397 

1490 

Idaho. 

Boise. 

1098 

848 

651 

435 

iis 

108 

434 

738 

1011 

4558 


Lewiston 










4924 

Til 

Chicago 

1262 

1095 

909 

549 

248 

30 

353 

756 

1113 

6315 


Springfield 

1180 

1008 

760 

365 

56 


282 

681 

1038 

5370 

Tnd 

Evansville 

949 

854 

640 

276 



155 

528 

862 

4164 


Indianapolis 

1128 

969 

756 

384 

58 


298 

687 

1017 

5297 

Iowa 

Des Momes 

1392 

1173 

890 

429 

118 

— 

357 

798 

1216 

6373 


Sioux City._ 

1434 

1386 

967 

489 

164 

33 

415 

870 

1265 

7023 

Kans 

Dodge City 

1116 

890 

688 

342 

46 


276 

672 

1004 

5034 


Topeka ___ 

1221 

980 

741 

339 



270 

699 

1051 

5301 

TCy 

Lexington 

974 

867 

648 

342 

25 


245 

612 

903 

4616 


Louisville 

939 

801 

589 

264 



186 

552 

849 

4180 


New Orleans 

332 

230 

58 





102 

301 

1023 

Me 

F.astpnrt_ 

1380 

1232 

1110 

786 

843b 

566c 

"SS 

843 

1228 

8531 


Portland 

1321 

1168 

1017 

642 

368 

120 

443 

780 

1153 

7012 

Md 

Baltimore. 

955 

843 

700 

348 

22 


223 

567 

875 

4533 

Mass. 

Rc^srf-.on , __ . 

1150 

1042 

908 

570 

245 

48 

363 

693 

1026 

6045 


Springfield 










6464 

Mirh- _ _ 

Detroit... 

1253 

ns 

976 

573 

2^ 

IS” 

"ioo 

*777 

ril3 

6494 


Marquette 

1501 

1360 

1249 

804 

682b 

268d 

567 

960 

1301 

8692 

Minn. 

Diiliith 

1727 

1473 

1277 

810 

722b 

298<i 

620 

1062 

1491 

9480 


Minneapolis _ _ 

1609 

1400 

1095 

570 

235 

93 

481 

963 

1405 

7851 

Miss 

V'^^kshiirg 

520 

384 

195 





252 

471 

1822 

Mo 

Kansss City 

1201 

987 

750 

In 

15 


285 

605 

1038 

5202 


St- T^iiis___ _ 

1060 

854 

657 

276 



205 

597 

936 

4585 

Mnnt. 

Trillings . 

1316 

1120 

955 

534 

376b 

i’89’ 

524 

909 

1192 

7115 


Havre 

1624 

1450 

1168 

630 

513 

270 

620 

1041 

1383 

8699 

Nebr 

T .infioln 










6231 


Omaha 

1355 

1125 

"868 

414 



”328 

780 

*1174 

6128 

Nev-_ 

Reno 

1041 

823 

753 

534 

456b 

144 

452 

714 

974 

5891 

N H 

Concord 

1349 

1240 

1011 

669 

351b 

168 

484 

846 

1234 

6852 

N J 

Atlantir City 

992 

903 

806 

519 

220 


254 

588 

893 

5175 


Trenton 

1014 

942 

735 

402 

81 


242 

588 

930 

4934 

N M 

Santa Fe 

1110 

902 

775 

543 

301b 

120 

459 

780 

1073 

6063 

N. Y 

Albany. 

1286 

1142 

980 

549 

493 

72 

446 

774 

1147 

6889 


RnfFalo 

1240 

1156 

1032 

675 

347 

75 

418 

774 

1104 

6821 


New York, 

1061 

960 

837 

486 

155 


276 

618 

955 

5348 


Tltira _ 

1242 

1181 

991 

587 

244 

187 

426 

787 

1140 

6785 

N. C 

Raleigh 

722 

630 

446 

183 



130 

429 

694 

3234 


Wilmington 

555 

468 

322 

108 



19 

303 

527 

2302 

N. Dak 

Bismarck 










8498 














aHeating and Ventilating Degree-Day Handbook 
blncluding June 
oinduding July and August, 
dlncludmg August 
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Table 1 Degree-Days for Cities in the United States and Canada^ Continued ) 


Jan ' Feb Mar \pe Mat Sept Oct Not * Dec Total 


R I 

S C 

S Dak... 
Tenn 


Cincinnati 1 1076 

Cleveland 11180 

Columbus 1 1113 

. Oklahoma City. 865 

. Portland 806 

Salem 

. Philadelphia 1001 

Pittsburgh 1054 

. Providence 1116 

. Charleston | 487 

Spartanburg 725 

. Sioux Falls 

. Memphis 1 744 

Nash\Tlle. 812 

.. Austin I 

Dallas.... 

Houston.. 366 

San Antonio.. 381 

.. Logan 1260 

Salt Lake City. 1110 

.. Burlington 1535 

.. Fredencksburg 887 

Norfolk 738 

Richmond 825 

.. Seattle 775 

Spokane 1171 

.. Morgantown 1026 

Parkersburgh 

.. Fond du Laa 1507 

Green Bay. 1538 

LaCrosse 1535 

Milwaukee. 1383 

. Cheyenne. 1215 


910 747 
1075 950 
980 703 ; 
I 742 465. 
; 644 538 I 

r895 ‘7^1 
' 944 787 1 
il069 ' 890 
372 242 
• 688 . 431 1 

L.. .. I - 

i 599 ' 384 ’ 
I 747 ’ 476 ' 


S7S 73 

564 ,220 : 27 

420 87 

162 ...... ... 

402 335b 105 

'402,"6S' .! I‘ 
423 7S 


290 675 • 9S0 
366 732-1060 
313 690 ,1017 • 
105 459 815 1 
332 558' 728' 

*242 588;"^. 
313 669 967 ' 


558 251 63 , 348 693 1026 , 

36 : ...... I 207 I 425 

147' ...I 121 429- 716! 


277 ' 65 I 
I 274 74 

11072 8931 
885 722 1 
1294 1089 
I 820 583 
650 520 
702 552 
653 623 
952 778 
944 713 

1321 1*046 
1358 1125 
1265 1032 
1328 1023 
1075 995 


62 402 1 663 
136 483 744' 


5251376 1114 468 

453 1234 ' 18 I 388 
654 276b 144 | 481 

303 ! ; i 223 

246 , 99 

240 158 

465 487b !276 c 403 
504 366 |192 514 

414 294 


- 114 

. 126, 

468 1 819 , 


388 ' 723 1 
481 ' 861 1 
223 . 549 1 
99 ! 411 1 
158 » 483 I 
403 . 570 
514 1 819 ‘ 
294 648 I 


603 276 |117 493 921 11328 

600 322 1132 505 i 921 1322 


528 183 96 
648 389b I 84 
720 569 1240 


462 909 1280: 
449 846 1222 j 
605 900 1143 



aHeatms and Ventilating Degree-Day Handbook, 
blnduding June 
clnduding July and August 
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Table 2 Base Temperatltie for the Degree-Day^ 


Ttpb of Bcildbg 

1 

' No OFBUTLDIXaS 

1 Aj»\ltzed 

' Tbuperattbe F Cor- 
responds TO Zero 
Steui Consumption 

Office 

1 60 

1 66 2 

Office and Bank.— 

4 

1 65 8 

Bank 

: 3 

66 2 

Office and Telephone Exchange 

2 

! 65.5 

Office and Stores 

i 6 1 

67 4 

Stores 

11 * 

64.0 

Department Stores 

12 

64 3 

Hotels 

1 7 

66 5 

Apartments 

14 

68.8 

Residences 

S 

66 9 

Clubs 

4 

65.5 

Lodges . - 

5 

64 9 

Theatres 

3 

67 6 

Churches 

2 

65 8 

Garage.- 

2 

64.8 

Auto Sales and Service.- 

4 

61.2 

Newspaper and Printing 

3 

67.7 

Warehouse and Loft 

3 

67 7 

Office and Loft — 

2 

65 2 

Maniifar.tiiring 

8 

65.4 

Average for 163 Buildings 


66 OF 


aReport of Commercial Rdaitons Committee^ 19S2 Proceedings, National Dtstrict Heating Association 


Table 3. Steam Consumption for Various Classes of Buildings® 

{Heating Season Only) 


Stbau Conbuuption 
POTTMDB FBB DxORBS-DaT— 65 F BASISd 


BxTILDINO ClASSmO&TION 


Apartments 

Hotels. 

Residences 

Printing 

Qubs and Lodges . 

Retail Stores 

Theatres 


Banks 

Auto Sales and Service- 

Churches 

Department Stores. 

Garages (Storage)®. 


Ofices (Heating onIy)„.. 


Buildings 

Listed 

Per M Cu Ft 
of Heated 
Space 

Per M Sq Ft 
of Radiatoro 
Surface 

16 


97 5 

10 


80.6 

12 


64.2 

7 


105.5 

10 

0.96 

77.0 

18 

0.90 

80.6 

6 

0.90 

75.0 

16 

0.89 

72.3 

7 

0.88 

45.2 

8 

0.83 

62.2 

6 

0.58 

49.4 

14 

0 57 

60.7 

6 

0 42 

72.3 

35 

1.09 

70 0 

35 

0 975 

65.4 


per Hr of 
HeatLo^ 



aTncludes steam for heatins domestic water for heating season only 

bHeat loss calculated for mammam design condition (In most cases 70 F inside, zero outside). 
oEquivalent steam radiator surface 

dThe figures are a numencal — not a weighted — average for the several buildings in each class 
•Based on zero consumption at 55 P 
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expected. For an average figure, the A .G.A . base of 65 F may therefore be 
safely used, and if greater refinement is desired, the figure for the type of 
building under consideration can be taken from Table 2. 

Table 3^ gives the steam consumption per degree-day, expressed in 
three different ways, for 196 buildings in 14 different classifications. 
These buildings are di\dded among 21 different cities in the United States. 
The steam used for heating the domestic water is included in these 
figures, but in the case of office buildings, the steam for heating only is 
also shown. The data are placed on a comparable basis by expressing 
the steam consumption in terms of pounds per degree-day per thousand 
square feet of equivalent installed radiator surface, per thousand cubic 
feet of heated space, and per thousand Btu of calculated heat loss. 



Fig. 1. Method of Determining Base Temperatutie for 
Degree-Day Calculations* 

The choice of these units of comparison require some explanation. 
The use of IfieaUd space in preference to the gross cubage used by architects 
is obviously more accurate for this purpose. The architect’s cubage 
includes the outer walls and certain percentaiges of attic and basement 
space which are usually unheated. The net heated space is usually about 
80 per cent of the gross cubage and can be calculated from the latter if it 
cannot be measur^. The cubical content is somewhat inaccurate as a 
basis of comparison due to differences in types of construction, exposure, 
and ratio of exposed area to cubical contents. 

The use of radiator surface as the basis of comparison has two ob- 
jections. One is that the amount of radiator surface in a building is often 
either excessive or deficient, and figures for steam consumption based on 
it are therefore likely to be in error. Another reason is that it is difficult 
to convert fan coil surface into equivalent direct radiator surface with 
accuracy. On the whole, the use of radiator surface as the basis of com- 
parison is the least satisfactory of the three methods. 


^The Heat RcQuirementa of Bmldinga, by J H Walker and G H Tuttle (A S H V E Journal Section. 
Heaitng^ Ptptngand Atr Condtitontng, December. 1934) 

^Report of Commercial Rdaitons Committee, 19SB Proceedings, National Distncl Healing Association 
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It should be noted that the figures in Table 3 are for the heating season 
only and include steam for heating domestic water. 

Example 1 solved by the degree-day method and using values taken 
from Table 3 would show a higher steam consumption. 

Example 2 Factor for steam consumption for a manufactunng building per IVI Btu 
per hour heat loss per degree-d^ = 0 283, total number of degree-days per year (Table 1; 
= 4855, heat loss = 500,000 Btu per hour 

Solution 0 2^ X 4855 X 500 = 686,982 lb of steam per year. This calculation 
results in an estimate 36 per cent higher than the previous calculation and one which 
would be more nearly correct for actual practice. 



Fig. 2. Curve for Estimating Fuel Consumption for Various 
Known Steam Consumption^ 

ftThis curve is based on heating effiaenaes of 60 to 70 per cent for coal and oil, respectively, a calonfic 
value of coal of 13,000 Btu per pound, a calonfic value of oil of 140,000 Btu per gallon 


In case the heat loss figure is not known this method of estimating heat 
or steam consumption can also be applied if the net heated space figure 
is available. 


CALCULATION OF FUEL CONSUMPTION 

After the heat and steam consumption of the building have been calcu- 
lated, the corresponding fuel requirements may also be estimated by 
assuming the correct boiler and furnace efficiencies. If the building is to 
be supplied with steam from a district heating company, the steam con- 
sumptions as calculated by the two Methods are generally assumed to be 
correct. However, if the steam is to be supplied from an individual boiler 
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unit, the consumption should be assumed as from 10 to 20 per cent greater. 
One reason for this difference in steam consumption is that district steam 
is a metered service, and building managers are therefore more conscious 
of their heating costs, which generally results in better maintained heating 
systems. Also, the district steam ser\dce is usually installed wdth ther- 
mostatic control which reduces overheating to a minimum. 

Fig. 2 shows the amount of coal or oil that may be estimated when the 
steam consumption is known. Assuming the steam consumption that 



Fig. 3. Chart Giving Gas RBQmREMENTs per Degree-Day for \’arious Calorific 
Values of Gas and for Different Heating Systems® 


•This chart is based on an inside tempeiatare of 70 F and an outside temperature of zero If the radio* 
iton is installed on the basis of any othv temperature difference, multiply the result obtained from this 
chart by 70, and divide by the actual temperature difference From iTidustrtal Gas Series Bouse Heating 
{ihtrd adittorrC) published by the American Gas Assoctation 


was calculated in Exsimple 2, 686,982 lb, the corresponding coal con- 
sumption, from the curve, is 44 tons and the oil consumption 6000 gal. 

Fig. 3 indicates the average gas consumption per degree-day for 
various heat contents. While the fuel consumption in individual cases 
may vary somewhat from the curve values, these average values are 
sufficiently accurate for estimating purposes and give satisfactory results. 

The value generally used in the manufactured gas industry for resi- 
dences is 0.21 cu ft per degree-day per square foot of equivalent steam 
radiation (240 Btu) based on the theoretical requirements. A correction 
for warmer climates is necessary and it is customary to gradually increase 
the relative fuel consumption below 3000 degree-days to about 20 per cent 
more at 1000 degree-days. 
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For hot water or warm air heat the fuel consumption is about 0.19 cu ft 
per degree-day per square foot of equivalent steam radiation, that is, per 
240 Btu per hour. The actual requirements likewise relatively increase 
with hot water or warm air systems as the number of degree-days decreases 
below 3000. For larger installations, that is 1000 sq ft of theoretical 
radiation and above, fiiere is an increase in efficiency, and a consequent 
decrease in the fuel consumption per degree-day per square foot of 
heating surface. 

The approximate quantities of steam required in New York City per 
square foot of heating surface for various classes of buildings are given in 
Chapter 37. 

The preceding discussion on fuel consumption has dealt with the 
heating requirements of the building irrespective of any air that may be 
introduced for ventilation purposes other than the normal infiltration of 
outside air. The heat required for warming air brought into the building 
for ventilation may be estimated from data given in Chapters 3 and 9. 

MAXIMUM DEMANDS AND LOAD FACTORS 

In one form of district heating rates, a portion of the charge is based 
upon the maximum demand of the building. The maximum demand may 
be measured in several different ways. It may be taken as the instan- 
taneous peak or as the rate of use during any specified interval. One 
method is to take the ayerage of the three highest hours during the 
winter. These figures are available for a number of buildings in Detroit, 
as shown in Table 4. 

These maximum demands were measured by an attachment on the 
condensation meter and therefore represent the amounts of condensation 
passed through the meter in the highest hours, rather than the true rate 
at which steam is supplied. There might be slight differences in these 
two quantities due to time la^ and to storage of condensate in the system, 
but wherever this has been investigated it has been found to be negligible. 


Table 4. Building Load Factors and Demands of Some Detroit Buildings^ 


BuiLDmo CusainciTioK 

Loid Factor 

Lb of Dbhanb pxr Hr 

PER Sq Ft or Equitalent 
Installed Radiator Surface 

Clubs an ri T^<1ges _ _ _ __ __ 

0 318 

0.184 

HntftlR, __ 

0.316 

0.207 

Printing .. _ 

0.287 

0.217 

_ __ 

0.263 

0.209 

Apartments , _ 

0.255 

0 225 

Petsiil Stores . _ __ 

0.238 

0.182 

Auto Sales snH Sennre _ 

0.223 

0.248 

Ranlrs ___ 

0.203 

0.158 

r!fiiir<'Tiea 

0.158 

0 162 

Department Stores _ _ 

0.138 

0.145 

Theatres 

0.126 

0.151 



•Loc.Cit Notes 


The load factor of a building is the ratio of the average load to the 
maximum load and is an index of the utilization habits. Thus, in Table 4. 
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the theatres, operating for short hours, have a load factor of 0.126 as 
compared with the figure of 0.318 for clubs and lodges. 


PROBLEMS IN PRACTICE 

1 • Is it correct to use the total calculated heat loss of a building for estimatiug 
fuel consumption? 

No. The heating load does not generally involve the sum of the separate infiltration 
losses of the several heated spaces. When a buildmg has interior vails and partitions 
it IS sufficiently accurate to consider only half of the total calculated infiltration losses 

2 # What will be the cost per year of heating a building with gas, assuming that 
the calculated hourly heat loss is 92,000 Btu based on 0 F, which includes 

26,000 Btu for infiltration? The design temperatures are 0 F and 72 F. The 
normal heating season is 210 days, and the average outside temperature during 
the heating season is 36.4 F. The heating efficiency will be 75 per cent. The 
heating plant will be thermostatically controlled, and a temperature of 55 F 
will be maintained firom 11 p.m. to 7 ami. Assume that the price of gas is 
7 cents per 100,000 Btu of fuel consumption, and disregard the loss of heat 
through open windows and doors. 

The average hourly temperature is 

(72 X 16) + (55 X 8) ^ 

The maximum hourly heat loss will be 

92,000 - = 79,000 Btn = E. 


79,000 (66 3 - 36 4) X 24 X 210 


=: 2204 6 hundred thousand Btu. 


100,000 X 0.76 X (72 - 0) . 

2204 6 X 0 07 — $164,34 = cost per year of heating the building. 


3 • What factors should be taken into consideration when determining the 
efficiency at which a fuel will be burned? 

Manufacturers* catalogs usually give equipment efficiencies obtained under test con- 
ditions. These values do not allow for poor attendance, defects in installation, or poor 
draft. Such efficiencies do not consider heat radiated from the outside of the equipment, 
but in many cases this heat is utilized 


4 • If 20 tons of coal having a calorific value of 13,000 Btn per pound are burned 
in a warm air furnace and produce 286,000,000 Btn at the bozmet, what is the 
efficiency of the furnace? 


Number of Btu at bonnet 

Number of tons X calorific value X number of pounds in one ton 


efiiciency. 


286,000,000 X 100 
20 X 13,000 X 2000 


66 percent. 


5 • In Twalciwg degree-day calculations, why is the base of 65 F used for an in- 
side temperature of 70 F? 

This base was chosen because data collected from numerous installations show that heat 
is seldom supplied to a residence when the outdoor tempmture is greater than 65 F. It 
was also found that the amount of fuel consumed varied in almost direct proportion with 
the difference between 66 F and the outside temperature. 
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6 • Use the degree-day method of computing the amount of coal required to 
heat an office building located in Cleveland) Ohioy assuming that the net 
heated space is 30,000 cu ft. 

The steam consumption factor for office buildings is 0 975 pounds per M cu ft per degree- 
day (Table 3) Cleveland has 6154 degree-days per year (Table 1) 

0.975 X 6154 X 30 = 180,000 lb of steam 
From Fig 2, this is equivalent to 13 tons of coal 

7 # Make a rough approximation of the gas required to heat a building located 
in Chicago, HI., assuming that the calculated heating surface requirements 
are 1000 sq ft of hot water radiation based on design temperatures of 0 F and 
70 F. Chicago has 800-Btu mixed gas, and 6315 degree-days. 

Using Fig 2, the fuel consumption for a design temperature of 0 F \\nth 800-Btu gas is 
found to be 0.08 cu ft of gas per degree-day per square foot of hot water radiation 

0 08 X 6315 X 1000 = 505,200 cu ft. 

8 # A certain building has a maximum heat loss of 250,000 Btu per hour in —15 F 
weather. How many tons of fuel will be required to maintain a temperature of 
70 F during a 260-day heating season in which the average temp^ature is 39 F? 
T^e heating value of the fuel is 13,200 Btu per pound and the efficiency of com- 
bustion is 60 per cent. 

250,000 (70 - 39) 260 X 24 _ or n . 

(70 + 15) 13,200 X 0 60 X 2000 

9 • Which item may be determined more closely, the heating value of a fuel or 
the efficiency of its combustion? 

The heatmg values of oil, gas, and solid fuels are closely determinable, whereas the 
efficiency of burning depends on the particular equipment chosen and the skill used in 
handling it. 

10 • In an office building, the thermostats are set to maintain 70 F from 7 a.m. 
to 5 p.m. and ^ F during the rest of the time. When the outside temperature 
is 30 F, how much saving might be expected because the temperatures are 
lowered? Under the ihove conditions the building becomes 50 F by 11 p.m. and 
warms up to 70 F by 8 a.m. 

A temperature of 70 F is maintained dunng 9 hours, and one of 50 F during 8 hours, the 
temperature would average about 60 F during the 7 hours required for cooling down and 
warming up. The average is 60 4 for the 24 hours. (The average temperature calcu- 
lated would have been 58.3 F, had the -warming and cooling periods been neglected.) 

The saving is ^ ^ ^ ^ 

11 • How does the heat capacity of a structure influence the saving made by 
carrying lower temperatures during the night? 

The heat storage capacity of the walls prevents rapid dropping of temperatures at night- 
time and delays the wanning up process in the morning In an extreme case, the building 
would not reach the lower^ temperature by the time the higher temperature is called 
for in the morning. But under any conditions, the saving made by lowering the tem- 
perature can be correctly estimated by using the average temperature observed over the 
24-hour period as a factor, as in Question 10. 

12 • What are some of the miscellaneous factors that may cause actual fuel 
consumption to vary £rom the theoretical fuel requirements as calculated by 
the use of heat losses, temperature difference, and fuel burning efficiency? 

The opening of windows, abnormally high or low inside temperatures; other sources of 
heat, such as machinery or lights; sun effect; and unusual wmds. 
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Chapter 30 


RADIATORS AND GRAVITY CONVECTORS 

Heat Emission of Radiators and Convectors^ Types of Radiators^ 
Output of Radiators9 Heating Effect^ Heating tip the Radiator^ 
Enclosed RadiatorSf Convectors, Selection, Code Tests, Gravity- 
Indirect Heating Systems 

T he accepted terms for heating units are: (1) radiators, for direct 
surface heating units, either exposed, enclosed, or shielded, which 
emit a large percentage of their heat by radiation: and (2) convectors, for 
heating units having a large percentage of extended fin surface and which 
emit heat principally by convection. Convectors are dependent upon 
enclosures to provide the circulation by gra\’ity of large volumes of air. 

HEAT EMISSION OF RADIATORS AND CONVECTORS 

All heating units emit heat by radiation and convection. The resultant 
heat from these processes depends upon whether or not the heating unit is 
exposed or enclosed and upon the contour and surface characteristics of 
the material in the units. 

An exposed radiator emits less than half of its heat by radiation, the 
amount depending upon the size and number of sections. When the 
radiator is enclosed or shielded, radiation is further reduced. I'he balance 
of the emission is by conduction to the air in contact with the heating 
surface, and the resulting circulation of the air warms by convection. 

A convector emits practically all of its heat by conduction to the air 
surrounding it and this heated air is in turn transmitted by convection to 
the rooms or spaces to be warmed, the heat emitted by radiation being 
negligible. 


TYPES OF RADIATORS 

Present day radiators may be classified as tubular, wall, or window 
types, and are generally made of cast iron. Catalogs showing the many 
designs and patterns available now include a junior size which is more 
compact than the standard unit. 

Pipe Coils 

Pipe coils are assemblies of standard pipe or tubing (1 in. to 2 in.) which 
are used as radiators. In older practice these coils were commonly used 
in factory buildings, but now wall type radiators are most frequently used 
for this service. When coils are used, the miter type assembly is to be 
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preferred as it best cares for expansion in the pipe. Cast manifolds or 
headers, known as branch tees, are available for this construction. 


OUTPUT OF RADIATORS 

The output of a radiator can be measured only by the heat it emits. 
The old standard of comparison used to be square feet of aclual surface, 
but since the advance in radiator design and proportions, the surface area 
alone is not a true index of output. (The engineering unit of output is the 
Mb or 1000 Btu.) However, during the period of transition from the old 
to the new, radiators may be referred to in terms of equivalent square feet. 
For steam service this is based on an emission of 240 Btu per hour per 
square foot. 


Table 1. Variation in Dimensions and Catalog Ratings of 
10-Section Tubular Radiators 


No of Tubes. 

3 

4 

5 

6 

7 

Width of Radiator .Inches 

4 6-31 

60-7 0 

80-89 

91-104 

114-12 8 

Length per Section Inches 

25 

23 

25 

23 

2 5-3 0 

HmoBi! wrra Legs— Incbsib 

Es^t Emission— 

Equivalent Square Feet 


13-14 




20 

25 0-32 5 

16-18 


« - f - 

28.5 


30 0-38 3 

20-21 

15 0-17.5 

20 0-22.5 

25 0-31.2 

30 

36 7-45 0 

22-23 

20 0-21 3 

25 

30.0-33 9 

35 

40045 2 

25-26 

20 0-26 7 

25 0-27.5 

32 5-39.8 

37.5-40 0 

50 0-53.5 

30-32 

25 0-30.9 

33 3-35 0 

40 0-486 

50 

63 3-62 5 

36-38 

30 0-367 

40 0-425 

50.0-56.5 

60 

70 0-75.4 


Ou^ui of Tubular Radiators 

Table 1 illustrates the difficulty in tabulating tubular radiator outputs 
since there is so much variation in design between the products of the 
different manufacturers. Only on the four-tube and six-tube sizes is there 
any practical agreement in output value. The heat emission values 
appear as square feet but are entirely empirical, being based on the heat 
emission of the radiator and not on the measured surface. 

Output of Wall Radiators 

An average value of 300 Btu per actual square foot of surface area per 
hour has been found for wall radiators one section high placed with their 
bars vertical. Several recent tests^ show that this value will be reduced 
from 5 to 10 per cent if the radiator is placed near the ceiling with the bars 
horizontal and in an air temperature exceeding 70 F. When radiators 
are placed near the ceiling, there is usually so noticeable a difference in 
temperature between the floor level and the ceiling that it becomes dif- 
ficult to heat the living zone of a room satisfactorily. 


^University of Illinois, Engineering Experiment Station Bulletin No 223, p 30 
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Output of Pipe Coils 

The h^t emission of pipe coils placed vertically on a wall with the 
pipes horizontal is given in Table 2. This has been developed from avail- 
able data and does not represent definite results of tests. For such coils 
the heat emission varies as the height of the coil. The heat emission of 
each pipe of ceiling coils, placed horizontally, is about 126 Btu, 156 Btu, 
and 175 Btu per linear foot of pipe, respectively, for 1-in., lj!^-in., and 
IJ^-in. coils. 

Table 2. Heat Emission of Pipe Coils Placed Vertically on a Wall (Pipes 
Horizontal) Containing Steam at 215 F and Stirrol^nded with Air at 70 F 


Btu per linear foot of coil per hour (not linear feet of pipe) 


Sizs or Pm 


llN 

i IMIn 

In. 

Sino-le row 


1 132 

162 

i 185 

Two __ 

252 

312 

’ 348 

Four... _____ 

440 

545 

J 616 

. ___ __ 

567 

702 

793 

Right __ - ___ __ _ 

651 

796 

907 

907 


732 

1020 

TwpIvp _ 

812 

1005 

1135 



Effect of Paint 

The prime coat of paint on a radiator has little effect on the heat output, 
but the finishing coat of paint does influence the radiation emission. Since 
this is a surface effect, there is no noticeable change in the convection loss. 
Thus, the lai^er the proportion of direct radiating surface, the greater 
will be the effect of painting on the radiation. Available tests are on old- 
style column type radiators which gave results shown in Table 3. 


Table 3. Effect of Painting 32-in. Three Column, Six-Section 
Cast-Iron Radiator® 


Radutob 

No. 

Finish 

Axha 

Sq Ft 

CoimciKST 

orHaiTTiuNS. 

Bro 

Reiatiti 
Hzatzhg V&Lmi 
Paa CiNT 

1 

Bare iron, foundry finish 

27 

1.77 

100 5 

2 

One coat of aluminum bron*^ - 

27 


90.8 

3 

riray paint Hipp^H ____ 

27 

1.78 

101.1 

4 

One cmt dull black Pecora paint.... 

27 

1.76 



aComparative Tests of Radiator Fuusbes, by W. H. Sevems (A S H.V B. Tsansactions. Vol. 33. 1927). 


Effect of Superheated Steam 

Available research data indicates that there is probably a decrease in 
heat transfer rate for a radiator or gravity convector with superheated 
steam in comparison with saturated steam at the same temperature. 
The decrease is probably small for low temperatures of superheats and 
additional tests are necessary with varying degrees of superheat to 
establish accurate comparisons for all types of radiators and convectors*. 


»Teat8 of Hadiatora \ntli Superheated Steam, by R. C. Caipenter (A.S.H.V E. Transactions, VoL 7, 
1901, p. 206). 
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HEATING EFFECT 

For several years the heating effect of radiators has been considered by 
engineers in order to use it for the rating of radiators and in the design of 
heating systems. Heating effect is the useful output of a radiator, in the 
comfort zone of a room, as related to the total input of the radiator®. 



HEIGHT ABOVE FLOOR IN FEET 


Fig. 1. Room Temperature Gradients and Steam Condensing Rates for Four 
Types of Cast-Iron Radutors with a Common Temperature at the 60-In Level 

Note that the steam condensations am practically the saifle for all four radiators when the same axr 
temperature of 69 F ts maintained at the 60-tn levd. 



HEIGHT ABOVE FLOOR IN FEET 


Fig. 2. Room Temperature Gradients and Steam Condensing Rates for Four 
Types of Cast-Iron Radiators with a Common Temperature at the 30-In. Level 

Note that the steam condensations are different for all four radiators when the same atr temperature of 
68 F IS maintained at the SO-in level 

The results of tests conducted at the University of Illinois are shown in 
Figs. 1 and 2*. For the four types of radiators shown, the following con- 
clusions are given: 

Effect of Radiators, by Dr. Charles Brabb€e (A S H V E Transactions, Vol 33, 1927 
p 33) The Apphcation of the Eupatheoscope for Measunng the Performance of Direct Radiators and Cou- 
ye^rs in Terms of Equivalent Tempemture, by A C Willard, A P Kratz and M K. Fahnestock (ASH 
V E Transactions, Vol 39, 1933) 
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1. The heating effect of a radiator cannot be judged solely b> the amount of steam 
condensed \Mthin the radiator 

2 Smaller floor-to-ceding temperature differentials can be maintained with long, low, 
thin, direct radiators, than is possible ^ith high, direct radiators. 

3 The larger portion of the fioor-to-ceiiing temperature differential in a room of 
average ceiling height heated with direct radiators occurs beti^een the floor and the 
breathing level. 

4. The coi^ort level fapproximately 2 ft-6 in above floor is below' the breathing line 
level (approximatelY 5 ft-0 in. above floor), and temperatures taken at the breathing 
line may not be indicative of the actual heating effect of a radiator in the room The 
comfort-indicating temperature should be taken below the breathing line level. 

5. High column radiators placed at the sides of window* openings do not produce as 
comfortable heating effects as long, low, direct radiators pla^d beneath wnndow’ 
openings®. 

HEATING UP THE RADIATOR 

The maximum condensation occurs in a heating unit when the steam 
is first turned on. Fig. 3 shows a typical curve for the condensation rate 
in pounds per hour for the time elapsing after steam is turned into a cast- 
iron radiator. The data are from tests on old style column ty^pe radiators. 



TIME ELAPSED AFTER STEAM TURNED INTO RADIATOR. MINUTES 

Fig. 3. Chart Showing the Steam Demand Rate for Heating Up a Cast-Iron 
Radiator with Free Air Venting and Ample Steam Supply 

In practice the rate of steam supply to the heating unit while heating up 
is frequently retarded by controlled elimination of air through air vdves 
or traps. Automatic control valves may also retard the supply of steam. 


ENCLOSED RADIATORS 

The general effect of an enclosure placed about a direct radiator is to 
restrict the air flow, diminish the radiation and, when properly designed, 
improve the heating effect. Recent investigations® indicate that in the 
design of the enclosure three things should be considered : 


•Effect of Two Types of Cast Iron Steam Radiators in Room Heating, by A. C. Willard and M. K 
Fahnestock (MeaHng^ Ptptng and Avr Cond'dimxng, March, 1930) 

•University of Illinois Engineering Experiment Station Bulletins No 192 and 223, and Investigation of 
Heating Rooms with Direct Steam Radiators Eiimmied with Endosuies and Shields, by A. C. Willard, 
A. P Krate, M K. Fahnestock and S Konso (AS H.V E Transactions, Vol 36, 1929). 
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1. There should be better distribution of the heat below the breathing line level to 
produce greater heating comfort and lowered ceilmg temperatures 

2 . The lessened steam consumption may not materially change the radiator heating 
performance. 

3. The enclosed radiator may inadequately heat the space 

A comparison between a bare or exposed radiator (A) and the same 
radiator with a well-designed enclosure (.B), with a poorly-designed 
enclosure (C), and with a cloth cover (Z)) will illustrate the relative 
heating eflFects. In Fig. 4 the curve (B) reveals that the ^closed radiator 
used less steam than the exposed radiator, but gave a satisfactory heating 
performance. A well-designed shield placed over a radiator gives about 
the same heating effect. Curve (C) shows the unsatisfactory effects 
produced by improperly designed enclosures. Curve (Z>) shows that the 



Fig 4. Steam Consumption of Exposed and Concealed Radiators 

effect of a cloth cover extending downward 6 in. from the top of the 
radiator was to make the performance unsatisfactory and inadequate. 

Practically all commercial enclosures and shields for use on direct 
radiators Bxe equipped with water pans for the purpose of adding moisture 
to the air in the room. Tests^ show that an average evaporative rate of 
about 0.236 lb per square foot of water surface per hour may be obtained 
from such pans, when the radiator is steam hot and the relative humidity 
in the room is between 26 and 40 per cent. This source of supply of 
moisture alone is not adequate to maintain a relative humidity above 
26 per cent on a zero day. 

CONVECTORS OR CONCEALED HEATERS 

Although any standard radiator may be concealed in a cabinet or 
other enclosure so that the greater percentage of heat is conveyed to the 


'University of Illinois Engtneenng ExpentneiU Sfaiton Bulletin No 230, p 20 
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room by convection thereby resulting in a form of graviU’ convector, 
generally better results are obtained with specially designed units which 
permit a free circulation of a larger volume of air at moderate tempera- 
tures. Since air stratifies according to temperature, moderate delivep' 
temperatures at the outlet of the enclosure reduce the temperature dif- 
ferential between the floor and ceiling and accordingly accomplish the 
desired heating effect in the living zone. 

Fig. 5 shows a typical built-in convector. The heating element con- 
sisting of a large percentage of fin surface is usually shallow in depth and 



Fig. 5. Typical Concealed Convector Using Specially Designed Heating Unit 


placed low in the enclosure in order to produce maximum chimney effect 
in the enclosure. The air enters the enclosure near the floor line just 
below the heating element, is moderately heated in passing through the 
core and deliverSi to the room through an opening near the top of en- 
closure. Since the air can only enter the enclosure at the floor line, Ae 
cooler air in the room which always lies at this level, is constantly being 
withdrawn and replaced by the warmer air. This air movement accom- 
plishes the desir^ reduction in temperature differentials and assures 
maximum comfort in the living zone. 

The Convector Manufacturers Association has adopted the A.S.H.V.E. 
Standard® in the formulation of its ratings and has compiled a tentative 


•A.S.H.V.E standard Code for Testing and Rating Conc^ed G^ty Type RacHatiOT 
(A S H,V.E. Transactions, Vol 37, 1031); (Hot Water). (A.S H V E Transactions, VoI. 39, 1933). 
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standard of heating effect allowances for various enclosure heights to be 
included in the ratings by its members. 

All published ratings bearing the title C.M.C. Ratings {Convector Manu- 
facturers Certified Ratings) indicate that the convectors have been tested 
in accordance with the A.S.H.V.E. code by an impartial and disinterested 
laboratory and that the ratings have been approved by the Standardiza- 
tion Committee of the Convector Manufacturers Association. 

Concealed heaters or con\'ectors are generally sold as completely 
built-in units. The enclosing cabinet should be designed with suitable 
air inlet and outlet grilles to give the heating element its best performance. 
Tables of capacities are catalogued for various lengths, depths and heights, 
and combinations are available in several styles for installations, such as 
the wall-hung type, free-standing floor type, recess type set flush with wall 
or offset, and the completely concealed type. Most of these types may be 
arranged with a top outlet grille in a plane parallel with the floor, although 
the front outlet is practically standard. In cases where enclosures are to 
be used but are not furnished by the heater manufacturer, it is important 
that the proportions of the cabinet and the grilles be so designed that they 
will not impair the performance of the assembled convector. It is impor- 
tant that the enclosure or housing for the convector fit as snugly as pos- 
sible so that the air to be heated must pass through the convector and 
cannot be by-passed in the enclosure. 

The output of a convector, for any given length and depth, is a variable 
of the height. Published ratings are generally given in terms of equiva- 
lent square feet, corrected for heating effect. However, an extended 
surface heating unit is entirely different structurally and physically from 
a direct radiator and, since it has no area measurement corresponding to 
the heating surface of a radiator, many engineers believe that the per- 
formance of convectors should be stated in Btu’s. For steam convectors, 
as for radiators, 240 Btu per hour may be taken as an equivalent square 
foot of radiation. 

RADIATOR AND CONVECTOR SELECTION 

Since the capacity of a radiator varies as the 1.3 power and a convector® 
as the 1.5 power of the temperature difference between the inside of 
radiator and surrounding air it is obvious that for other than 70 F room 
temperatures the heat emission will be other than 240 Btu per square foot 
of rating. Therefore in selecting the size of radiator or convector to be 
used it is necessary to correct for this difference. Table 4 shows factors by 
which radiation requirements, as determined by dividing heat load by 
240, shall be multiplied to obtain proper radiator or convector sizes from 
published rating tables for room temperatures ranging between 50 and 
80 F as well as for steam or water temperatures from 150 to 300 F. For 
other room and heating medium temperatures the factor is determined by 
the following formulae: 

For radiators: 

^ _ /215 - 70\13 


•Factors Affecting the Heat Output of Convectors, by A P Kratz. M K Fahnestock, and E. L. Brod 
enck (A S.H V E Transactions. Vol 40, 1934) 
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For convectors* 
where 


Cs 


^ 215 -6o y5 


Cs = correction factor. 
ts = steam temp)erature, degrees Fahrenheit. 
tr = room temperature, degrees Fahrenheit 
ti = average inlet air temperature, degrees Fahrenheit 


Table 4. Correction Factors for Direct Cast Iron Radlators and 
CoN\’ECTOR Heaters^ 



STEill 

Press 


Steam 

OR 

Factops poa Dipect 

Cast Ipon Radiatops 



FArTjPS FOP CONTECT J3S 


Afpbo3 

Water 

Temp 

Room Tempehattre F 



ISL 

cr Temperatcpe F 



Gage 

Lb 

Abs 

F 

80 . 75 . 70 

65 

60 55 

50 

SO 

75 

70 

65 

C.0 

55 

50 

bC 

22 4 

37 

ISO 

2 S8 , 2 36 , 2 17 

200 

1 86 ' 1 73 

162 

314 

2 S3 

2 57 

2 35 

215 

19' 

1.84 


20 3 

47 

16U 

2 17 2 00 1 1 86 

173 

162 152 

144 

2 57 

2 35 

215 

19< 

1 84 

: "1 

1 59 


17 7 

60 

170 

1 86 ! 1 73 1 62 

152 

144 135 

12h 

2i' 

19' 

' 184 

1 71 

1 59 

149 

140 

1 

14 6 

75 

180 1 

1 62 ' 1 52 1 44 

1 35 

128 121 

1 15, 

184 

1 71 

159 

149 

1 m 

1 32 

1 24 


10 9 

93 

190 

1 44 , 1 35 1 1 28 

121 

1 15 ' 1 10 

' 1 05 , 

159 

149 

140 

132 

1 24 

1 17 

: 1 11 

> 

6 S 

US 

' 200 

1 28 ; 1 21 1 1 15 

no 

1 05 ' 1 00 

0 96 

140 

132 

, 1-4 

1 17 

1 11 

105 

i 100 


1 

15 6 

215 

1 10 1 1 05 1 1 00 

095 

0 92 OSS 

0 85 

1 17 

1 11 

105 

100 

0 95 

C91 

' os: 


6 

21 

230 

096 1 092 088 

OSS 

OSl 0 78, 

0 76 ’ 1 00 

I 095 

091 

' 0 87 

' 0 83 

O-Q 

0 76 

q5 

ii 

IS 

30 

250 

081 ! 078 076 ; 

0 73 

0 70 , 0 68 

0 60 

083 

0 79 1 0 76 

1 0 73 

' 0 70 

C6S 

1 0 65 


27 

42 

270 

0 70 1 0 68 1 0 66 1 

064 ^ 

0 62 ! 06') 

0 58 , 0 70 

0 6S 

0 65 

06j 

' 060 

0 58 

0 56 

s 

52 

67 

300 

1 1 

0 58 0 57 I 055 1 

053 

052 ! 051 

0 49 

0 56 

0 54 

053 

1 OSl 

1 

0 49 

0 48 

0 47 


aTo determine the heater aize for a gi\ en space divide the heat less m Btu per hour by 240 and multiply 
the result by the proper factor from the above table 

To determine the heating capacity of a heater at other than standard conditions, divide the heacipg 
capaaty at standard conditions b} the proper lactor from the above table 


CODE TEST FOR HADLRTOBS AND CONVECTORS 

As previously indicated, the output of radiators and convectors is still 
designated by the terms of older practice, but this is ^adually gi ving place 
to an engineering method of designating heat emission. The A.S.H,V.E. 
has adopted the following standards: Code for Testing Rac^tors (1927) ; 
Codes for Testing and Rating Concealed Gravity T3rpe Radiation (Steam, 
1932, and Hot Water, 1933). 

For steam services the actual condensation weight is t^en without any 
allowance for heating effect ; for hot water services the weight of circulated 
water is used without allowance for heating effect. In all cases the total 
heat transmission varies as the 1.3 power for radiators^® and the 1.5 
power for convectors^^ of the temperature difference between that inside 
the radiator and the air in the room, and is expressed in Btu or Mb 
per hour. 

. Standard test conditions specify dther a steam pressure of 1 lb gage 
(215 F), or hot water at 170 F and a room temperature of 70 F for radi- 
ators, or an inlet air temperature of 65 F for convectors. The heating 
capacity of a steam radiator or steam convector is determined as follows: 

Ht - WJtfg (1) 

“Lx>c Cit Note 8. 

^Loc. Cit Notes 8 and 9 
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where 

Hi = Btu per hour under test conditions 
Ws condensation in pounds per hour 
Afg = latent heat in Btu per pound 

Hi may be converted to standard conditions of code ratings by using 
the proper correction factor from the following formulae. 

For radiators: 

/91*; _ 7n\i3 / 145 \13 


r » 1 

<215 - 70\13 _ , 

f 145 

Ca = \ 

For convectors: 

1 

1 

<Ts-Tr. 

r — 1 

/215 - 65y.5 , 

( 150 

La — 1 

1 Ta - r J ' 

L r, - r. 


The output under standard conditions will be: 

Hs = Cs Ht (4) 

where 

Cs *= correction factor. 

Ts = steam temperature during test, degrees Fahrenheit. 

Fr =* room temperature durmg test, degrees Fahrenheit 

Ti = inlet air temperature dunng test, degrees Fahrenheit 

Hs = heat emission rating under standard conditions, Btu per hour. 

Similarly, for hot water convectors^ the output under test conditions may 
be determined as follows: 

H=Tir(e:-e,)?^ (5) 

where 

H = Btu per hour under test conditions. 

W = pounds of water handled during test 
6 1 *= average temperature of inlet water, d^^rees Fahrenheit. 

6* = average temperature of outlet water d^:rees Fahrenheit 
t * duration of test, seconds 

To convert test results to standard conditions, the following correction 
factor is used: 


170 - 65 
__ 

2 


105 
Qi + Qj 
2 


It has been shown that when the exponent 1.6 is used the range of error 
is less than 3 per centf * for convectors. 


GRAVITY-lNDmECT HEATING SYSTEMS “ 

The heating units for this system are usually of the extended surface 
type for steam or hot water, and are installed about as shown in Fig. 6. 
The temperature and volume of the air leaving the register must be great 

“Loc. Cit. Note 9. 

i*For further information on this subject see A S H.V.E. Code of Mimmum Requirements for the Heating 
and Ventilation of Buildings (edition of 1929) and Mechantcal Eptipment of Buildtngs^ by Harding a^ 
Willard, Vol I. second edition. 1929 i 
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enough so that in cooling to room temperature the heat available will just 
equal the heat loss during the same time. In cases where ventilation is a 
requirement, the air volume needed may become so large that the entering 
air temperature will be but slightly above the room temperature. To 
establish and maintain a constant heat flow, provision must be made for 
removing the air in the room, after it has cooled to the desired room tem- 
perature, by a system of vent flues or ducts. As the air flow is maintained 



Fig 6. Gravity-Indirect Hevting System® 

•See Mechanical Equipment of Buildings, by Harding and Willard, Vol. I. second edition, 1920. 


by natural draft and this gravity head is v’-ery slight, it is necessary^ to 
make all ducts as short as possible, especially the runs from the heating 
units to the base of the vertical warm air flues. Gravity-indirect arrange- 
ments, such as illustrated in Fig. 6, are not to be generally recominended 
for hot water systems unless the water temperature can be maintained at 
a reasonably high temperature and rapid circulation of the water can be 
had. 


PROBLEMS IN PBACnCE 

1 • What is the effect on the heat output of a wall radiator when installed on 
the cetling of a room? 

Because the temperature differential is increased between the floor level and the ceiling 
when a radiator is placed near the ceiling, the heat output may be decrea^ from 
5 to 10 per cent. Under such arcumstances it becomes difficult to heat the hving zone 
of a room satisfactonly 
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2 • What are the principal differences between a radiator and a convector? 

A radiator is commonly thought of as a commercial heating unit having a maximum 
amount of direct heating surface, whereas a convector is a heating device m which the 
extended or secondary surface may be several times that of the prime surface and which 
is specially designed to utilize to the fullest extent the convection pnncipal of heating 
The radiator ordinarily has vertical tubular chambers for the heating medium but most 
convectors have horizontal tubular chambers to which fins are attached so as to form 
vertical flues for the passage of air While radiators are either exposed, enclosed, or 
shielded, convectors are concealed by means of a tight-fitting enclosure Radiators are 
commonly made of cast-iron but convectors n^y be made of a combination of metals, 
such as copper and brass, or copper and aluminum, as well as entirely of cast iron. 

3 • How did the term heating effect come into use? 

It has been found that a room requiring a radiator of a certain determined capacity 
could under certain conditions be properly heated, wnth less temperature gradient be- 
tween floor and ceiling and with less steam condensation, by the same radiator or by one 
of a different design havmg the same commercially rated capacity. This resulted in the 
use of the term heating effect to apply to the useful heat output of a radiator, in the com- 
fort zone of a room, as related to the total mput to the radiator. 

4 # Is it necessary to make any allowance for the performance of a convector 
because it is enclosed? 

No. The commercial ratings of convectors have been determined by testing the con- 
vectors in proper enclosures with grilles in place just as they should be installed for 
ordinary service. 

5 # On what basis are the capacities of convectors pi^lished? 

Published ratings of convectors are expressed in equivalent square feet of direct cast 
iron radiation Some manufacturers have increased their ratings by as much as 30 per 
cent to allow for a supposed improved heating effect. Tests indicate that the credit to 
be given heating effect is, in all cases, probably less than 10 per cent, and in many cases 
negligible. 

6 • How are fins of convectors attached to the tubes or prime surface? 

Tubes or a solid core may be forced through piercings in the fins under pressure, or the 
tubes may be expanded into the holes through the fms. In addition a metallic bonding 
agent is sometimes used to insure permanent contact. 

7 • What is the procedure in selecting a convector when the required amount 
of radiation is known? 

First the limiting factor or factors of the enclosure must be determined so the available 
size of the wall recess can be found Manufacturers’ catalogs show capacities of con- 
vectors of each standard length and depth with varying enclosure heights From these 
capacity tables, the proper convector of the required capacity can be selected for the 
available wall recess. If all three dimensions of the wall recess are insufficient to accom- 
modate a convector of the required capacity, the available height and length can be 
maintained, but greater depth can be obtained by using a partially recessed enclosure 

8 • Given a room to be heated to 80 F with outside temperature at 0 F, 
assume the heat loss under these conditions to be 10,000 Btu per hour. Deter- 
mine the size of the steam radiator to be installed. 

A square foot of radiation is equivalent to a heat emission of 240 Btu per hour under 
standard conditions of steam at one pound gage pressure (215 F) and surrounding air 
at 70 F. With surrounding air at 80 F, the heat emission from a radiator will be less 
Under these conditions, the heat emission will not be 240 Btu per square foot of catalog 
rating per hour, but 240 Ca. 

C = f ^ V* - / 215^80 Y> _ 

V215 - 70/ " V215 - 70 / “ 

and 240 Ca = 240 X 0.912 = 218.5 Btu. Therefore, the size of the radiator to be 
selected shall have a catalog ratmg of 10,000 divided by 218 5 or 45 8 sq ft. 
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Chapter 31 

STEAM HEATING SYSTEMS 


Gravity and Mechanical Return^ Gravity One-Pipe Air-Vent 
System, Gravity Tuo-Pipe Air-Vent System, One-Pipe Vapor 
System, Tuo-Pipe Vapor System, Atmospheric System, Vacuum 
System, Suh-Atinospheric System, Orifice System, Zone Control, 
Auxiliary Conditioning Unit, Condensation Return Pumps, 
Vacuum Pumps, Traps 


T he essential features of the common t\’pe of steam heating systems 
are descnbed in this chapter. They may be classified according to the 
piping arrangement, the accessories used, the method of returning the con- 
densate to the boiler, the method of expelling air from the system, or the 
type of control employed. Information concerning the design and layout 
of steam heating systems will be found in Chapter 32. 

GRAVITY AND MEOEiANICAL RETURN 

In gravity systems the condensate is returned to the boiler by gra^'^ty 
due to the static head of water in the return mains. The elevation of the 
boiler water line must consequently be sufSdently below the lowest 
heating units and steam main and dr>^ return mains to permit the return 
of condensate by gravity. The water line difference^ must be sufficient to 
overcome the maximum pressure drop in the system and, when radiator 
and drip traps are used as in two-pipe vapor systems, the operating 
pressure of the boiler. This applies only to closed circuit systems, where 
the condensation is returned to the boiler. If the condensation is wasted, 
no water line difference is required. 

In mechanical systems the condensate flows to a receiver and is then 
forced into the boiler against the boiler pressure. The lowest parts of the 
supply* side of the system must be kept sufficiently above the water line 
of the receiver to insure adequate drainage of water from the system, but 
the relative elevation of the boiler water line is unimportant in such cases 
except that the head on the pump or trap discharge becomes greater as 
the height of the boiler water line above the trap or pump increases. 

There are three general types of mechanical returns in common use, 
namely, (1) the mechanical return trap, (2) the condensation return 
pump, and (3) the vacuum return pump. Further information on pumps 
and traps will be presented later in this chapter. 

GRAVITY ONE-PIPE AIR-VENT SYSTEM 

In the gravity one-pipe air-vent system each radiator has but a single 
connection through which steam must enter and condensation must 


iThe water line difference is the distance between the water htie of the boiler and the level of the water 
m the dry or wet return mam (See Fig 4 ) 
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return in the opposite direction Each radiator has an individual air 
v^ve. 

Up-Feed Gravity One-Pipe Air-Vent System 

This system is the most common of all methods of steam heating, 
especially for small size installations, due largely to its low cost of instal- 
lation and its simplicity. Where the size of the system is moderate or 
large, it cannot be assumed that these systems will be lower in cost than 
two-pipe systems using steam traps. In some instances it has been found 
that the cost of one-pipe systems under these cnnditions is greater owing 
to the higher cost of labor and materials due to the larger pipe sizes. As 
will be seen from Fig. 1, the steam piping ris^ to a point as high as possible 
at the boiler and pitches downward from this location until the far end of 



the main or mains is reached. At the far ends drips are taken oflF at the 
low points of the steam mains, are water-sealed below the boiler water 
line, and then brought back to the boiler in a wet return. Single pipe risers 
are branched off the mean or mains to feed the radiators, the steam passing 
up the riser and the condensation flowing down it The steam and con- 
densation flow in opposite directions in the riser but eifter the condensa- 
tion enters the steam main it flows in the same direction as the steam and 
is ^sposed of through the drip connection at the end of the main. In 
buildings of several Rories, it is customary to drip the heel of each riser 
separately, whereas in one- or two-story buildings this is not necessary. 
Both types of branches and risers are shown in Fig. 1. 

Rapid elimination of air and condensation from the steam piping is 
essential to the successful operation of this system. It is therefore 
desirable that the venting and dripping of the steam main in long runs be 
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made at several intermediate points where the steam main may again be 
brought to a higher elevation. 

It is desirable to install the air vent valves on the steam main about a 
foot ahead of the drips, as is indicated in Fig. 1 to prevent possible damage 
to the mechanism of the air vent valve by water, in case the valves are 
installed directly above the drips. 

Horizontal branches to radiators and risers should be pitched at least 

in. in 10 ft downward toward the riser or \ertical pipe, and the hori- 
zontal branches from the steam main should be graded at least this 
amount toward the main, except 'where the heel of the riser is dripped, in 
which case the branch should pitch down toward the riser drip (Figs. 2 
and 3). _ The return line, if wet, may be run without pitch or may be 
pitched in either direction, but if it is necessary to carry the return main 
overhead for any distance before dropping, the return should slope down- 
ward with the flow. It is desirable to install the wet return pipe 'with a 
pitch so that the system may be drained to prevent freezing in case the 
building remains unoccupied for a considerable length of time. 



Fig. 2. Typical Steam Runout where Fig. 3. Typical Steam Runout where 
Risers are not Dripped Risers are Dripped 


The radiator valves may be of the angle-globe or gate type. They 
should not be of the straight-globe type bemuse the damming effect of the 
raised valve seat interferes 'with the flow of condensation through the 
valve. Graduated valves cannot be used, as the steam valves on this 
system must be fully open or closed to prevent the radiators filling with 
water. Air valves may be manual or automatic, with or without a check 
to prevent the re-entrance of expelled air. Usually the automatic t 5 ^e is 
installed. An objection to one-pipe steam systems is that the heat is all 
on or all off, with no intermediate position possible. However, intelligent 
use of the on-and-off method of manual control gives reasonably satis- 
factory results. Improved systems and de-vices are now available which 
make it possible to obtain a modulating effect from one-pipe gra'vity 
heating systems. 

It is important that the lowest points of the steam mains and heating 
units be kept sufficiently above the water line of the boiler to prevent 
flooding. Usually 18 in. is sufficient but construction limitations fre- 
quently make shorter distances necessary. The distance may be checked 
in the follo'wing manner: 

Referring to Fig. 4 it will be seen that the water in the wet return is really in an in- 
verted siphon, or U-shaped container, with the boilo- steam pressure on the top of the 
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water at one end and the steam mam pressure on the top of the water at the other end. 
The difference between these two pressures is the pressure drop in the system, %.e,, the 
friction of the steam in passing from the boiler to the far end of the main. The water in 
the far end will nse sufficiently to overcome this difference in order to balance the pres- 
sures, and it will rise enough farther to produce a flow through the return into the boiler 
(usually about 3 in. unless the pipes are small or full of sediment), and it will nse stiU 
farther if a check valve is installed in the return so as to obtain sufficient head to lift the 
tongue of the <ieck (usually 4 in. will be necessary). 


Boiler staam pressure 




Steam pressure at 
end of mam 

ill Return water 

■Water line of t)oUer..,,^-n-^ line 


-.-Level-* 


Rise»water 
line difference 


Fig. 4 Difference in Steam Pressure 
ON Water in Boiler and at End 
OF Steam Main 



If a one-pipe steam system is desipfned, for example, for a total pressure drop of H if>, 
and utilizes an Underwriters* Loop* mstead of a check valve on the return, the rise in the 
water level at the far end of the return due to the difference in steam pressure would be 
of 28 in , or in. Adding 3 m. to this for the flow through the return main and 6 in. 
as a factor of safety gives 12]^ in. as the distance the bottom of the lowest part of the 
steam main and all heating units must be above the boiler water line The same s^^em, 
however, installed and sized for a total pressure drop of H lb, and with a check in the 
return, would require of 28 in., or 14 m , for the difference in steam pressure, 3 in. for 


^See discusaxon of piping details m Chapter 32. 


548 





Chapter 31 — ^Steam Heating Systems 


the flow through the return, 4 in. to operate the check, and 6 in. for a factor of safety, 
making a total of 27 m. as the required distance Higher pressure drops ^ould increase 
the distance accordingly 

Down-Feed Gravity One-Pipe Air-Vent System 

In the overhead down-feed gravity one-pipe air- vent system there is no 
change over the up-feed system in the radiators, the radiator valves, the 
air valves, or the radiator runouts as far back as the risers Beyond this 
point there are basic differences. The steam is taken from the boiler and 
carried to the top of the building as near the boiler as possible (Fig. 5). 
If the run to the main riser is long, or if the riser extends several stories in 
order to reach the top, the bottom of the riser should be dripped into the 
wet return. The horizontal main is taken off the top of the riser and 
grades down from the riser toward all of the drops, each drop taking its 
share of the main condensation (Fig. 6), or all of the drops except the last 
may be taken from the top of the main (Fig. 7), the last drop being from 
the bottom and seizing as a drain for the entire main. As the overhead 



steam main 


Pitch-— 


RunoutN. 


Steam drop to radiators 

Fig. 6. Steam Runouts Dripping Main 


Pitch 


Runoutv. 




-Steam main 


Steam drop to radiators-^ 


Fig 7. Steam Runouts with Main 
Dripped at End Only 


main does not carry any condensation from the radiators it is immaterial 
which method is used. The air vent shown on the main just before the 
last drop (Fig. 5) may be placed at this point or it may be located at the 
bottom of the drop under the last radiator connection and sufficiently 
above the water line of the boiler to prevent flooding. 

GRAVITY TWO-PIPE AIR-VENT SYSTEM 

The gravity two-pipe system is now considered obsolete although many 
of these systems are still in use in older buildings. Separate supply and 
return mains and connections are required for each heating unit; air 
valves are installed on the heating units and mains; hand valves are 
installed on the returns. 

Up-Feed Gravity Two-Pipe System 

This system (Fig. 8) has a steam and a return connection to each 
radiator. The radiator valves for steam, return, and air are the same as 
those described for die gravity one-pipe air-vent system. The steam 
main is run and pitched in the same manner as in the one-pipe system, 
but the returns from each radiator are connected into a separate return 
line system which has its risers carried down and joined to a wet return 
line under the boiler water line level.^ Where the return has to be kept 
high to function as a dry return, it is advisable to connect the return 
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risers to the dry return main through water s^s about 36 in. deep, as 
shown in Fig. 9, to prevent steam from one riser entering another and 
closing the air valves on the nearest radiators. 

Down-Feed Gravity Two-Pipe System 

The steam main in the down-feed system is carried to the top of the 
building, and the piping of the steam side is arranged practically as in the 
down-fe^ one-pipe gravity system. The drips at the bottoms of the 
steam drops and the runouts to tJie radiators are similar to those shown 
in Fig. 8 for the up-feed gravity two-pipe system. On the return side of 
the system, the piping is arranged in exactly the same manner as the 
up-feed gravity two-pipe system. 



ONE-PIPE VAPOR SYSTEM 

A vapor S3^tem is one which operates under pressures at or near 
atmospheric and which returns the condensation to the boiler by gravity. 
The piping arrangement of a one-pipe vapor system is similar to that of 
the gravity one-pipe steam system; in fact, one-pipe gravity installations 
may readily be changed to one-pipe vapor ^tems by making a few 
simple alterations. The steam radiator valve is a plug cock which when 
opened gives a free and imobs^cted passageway for water The auto- 
matic air valve is of special design to permit the ready release of air from 
the radiator and to prevent the return of the air after it is expelled. The 
air valves on the main are a quick relief type, and the whole system is 
designed to operate on a few ounces of pressure. 
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TWO-PIPE VAPOR SYSTEM 

^ Two-pipe vapor systems may be classified as (1) closed systems con- 
sisting of those which have a dexTce to prevent the return of air after it is 
once expelled from^ the system, and which can operate at sub-atmospheric 
pressures for a period of four to eight hours depending upon the tightness 
of Ae system and rate of firing, and (2) open systems consisting of those 
which have the return line constantly open to the atmosphere without a 
check or other device to prevent the return of air, and which operate at a 
few ounces above atmospheric pressure. The open systems have the 
disadvantage of not holding heat when the rate of steam generation is 
diminishing. 

Under the first classification the essentials are packless graduated 
valves on the radiators, thermostatic return traps on the returns, and 
^aps on all drips unless they are water sealed. Such a system, illustrated 
in Fig. 10, should be equipped with an automatic return trap to prevent 
the water froin backing out of the boiler. In this up-feed arrangement 
the supply piping is carried to a high point directly at the boiler and is 



/■Floor 


Fig, 9. Method of Connecting Two-Pipe 
Gravity Returns to Dry Return Main 

graded down toward the end or ends of the supply main, each supply 
main being dripped at the end into the wet return or carried back to a 
point near the boiler where it drops down below the boiler water line and 
becomes a wet return. From this main, runouts are branched off to fe^ 
risers or radiators above, these being graded back toward the steam main 
if they are not dripped at the bottom of the riser, or toward the riser if 
the riser heel is dripped. Both conditions are illustrated in Figs. 2 and 3. 

Return risers art connected to each radiator on its return end through 
thermostatic traps. Their bottoms are connected to the return main 
through runouts which slope toward the main. The return main itself is 
sloped bade toward the boiler if it is carried overhead; if run wet, the 
slope may be neglected, although it is desirable to slope the pipe so that 
the system may be drained. An air vent is installed at the point at 
which the return main drops below the water line. In the simplest cases 
this vent consists of a %~in. pipe with a check valve opening outward, but 
certain systems employ special patented forms of vent vdves, designed 
to allow the air readily to pass out of the system and to prevent its return. 
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A check valve is inserted in the return main at a point near the boiler and 
a vertical pipe is run up into the bottom of the return trap, which usually 
is located with the bottom about 18 in. above the boiler water line. Some 
traps are constructed so that they will operate when they are installed 
with their bottom as close as 8 in. above the boiler water line. On the 
other side of this connection a second check valve is installed in the main 
return just before it enters the boiler (Fig. 11). 

Down-Feed Two-Pipe Vapor System 

In the down-feed two-pipe vapor system the steam^ is carried to the top 
of the building, the top of the vertical riser constituting the high point of 



Fig. 10 . Typical Up-Feed Vapor System with Automatic Return Trap® 

^Proper piping connections are essential with special appliances for pressure equalizing and air ehmination 


the system, and the horizontal supply main is sloped down from this 
location to the far ends of each branch. The branches are taken off the 
main from the bottom or at a 45-deg angle downward, with the runouts 
sloped toward the drops (Fig. 6). Thus each branch from the main forms 
a drip and no accumulation of water is carried down any one drop. 
Another method of running the steam main, which is not considered as 
satisfactory but which is practical, is to take the branches off the top of 
the main (Fig, 7) and to drip the end of the main through the last riser, as 
illustrated in the down-feed one-pipe system detail shown in Fig. 6. If 
this is done, the pipe drop at the end or ends of the mains should be 
enlarged one pipe size to provide capacity for this concentration of the 
main drip. 

The steam drops are carried down through the building with suitable 
reductions as the various radiator connections are taken off until the 
lowest radiator runout is reached. If the drop is only two or three stories 
high, the portion feeding the bottom radiator should be increased one 
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pipe size to provide for draining the riser, and if the drop is over three 
stories high it is well to increase the portion feeding the two lowest radi- 
ators one or two pipe sizes, espeaally if the two lowest radiators are small 
and the normal size of drop required is 1 in. or less. The bottom of the 
steam drops should terminate 'with a dirt pocket above which a drip trap 
connection is located, as shown in Fig. 12. The returns on a down-feed 
vapor system are the same as on an up-feed system except that every 
steam drop must have a dnp at the bottom connected either into the 
return through a trap or into a separate water-sealed drip line below the 
boiler water line, as illustrated in Fig. 10, in which case Ae thermostatic 


Air vent and check 



traps may be omitted. The runouts to the radiators and the radiator 
connections of the down-feed system are the same as those of the up-feed 
system already described. 

ATMOSPHERIC SYSTEM 

The distinguishing features of the atmospheric system are gravity 
return to the boiler or to waste, graduated or ordinary radiator valves, no 
automatic air valves on the raiators, thermostatic traps on the radiator 
returns, and the venting of all air from the system by means of pipes open 
to the atmosphere. The returns are open to the atmosphere at all times, 
usually by extending the return risers to the top of the building where 
they are either connected together in groups and carried through the roof 
or extended through the roof individually. Atmospheric syst^s, either 
up-feed or down-feed, are often used where the condensation is not 
returned to the boiler, as in heating systems supplied by high pressure 
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steam through pressure-reducing valves at locations far from the boilers. 
The returns may be delivered back to the boiler, if desired, by condensa- 
tion return pumps which are vented to the atmosphere. The return lines 
in such systems are simply gra\-ity waste lines in which the condensation 
flows entirely by gra\dty and is not aided by any pressure difference. 

Atmospheric systems contemplate maintaining a practically constant 
pressure in the steam pipe and atmospheric pressure in the return pipe. 
When graduated steam valves are provided, they enable the occupant of 
a room to vary the flow area to the radiator so as to obtain a greater or 
lesser heating effect. 

The steam side may be run as that for either up-feed or down-feed 
two-pipe vapor systems, as the conditions require, and the radiator con- 
nections are the same as for vapor systems in that they have graduated 


Bottom of ^ 
steam drop' 


Graduated valve 



Drip trap 

\ 

Dirt pocket- 

-Connected to dry return 
(where connected to wet 
return, drip trap may 
be omitted) 

Fig. 12. Detail of Drip Connections at Bottom of Down-Feed Steam Drop 


valves on the radiator supply ends and thermostatic traps on the radiator 
return ends. All drips from the supply main and the steam side of the 
system must pass through thermostatic drip traps before entering the 
return system where only atmospheric pressure exists. Fig. 13 illustrates 
a typical scheme of piping used on atmospheric systems, 

VAOniM SYSTEM 

In the vacuum system, a vacuum is maintained in the return line 
practically at all times but no vacuum is carried on the stesim side, and the 
usual accessories include graduated valves on the radiator supply and 
thermostatic traps on the radiator return. The air is expelled from the 
system by a vacuum^ pump and all drips must pass through thermostatic 
traps before connecting to the return side of the system. 

These systems are often fed from high pressure steam mains through 
pressure-reducing valves but they may be fed direct from a low-pressure 
steam heating boiler as shown in Fig. 14, in which a t 3 rpical up-feed 
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vacuum system is illustrated. The supply main slopes down in the 
direction of flow; the runouts pitch down toward the riser if the riser is 
dripped (Fig. 3) or up toward the riser if the riser is not dripped (Fig. 2) ; 
both conditions are indicated in Fig. 14. The matter of dripping the 
risers depends largely on the height of the riser and the judgment of the 
designer. Ordinarily risers less than three stories high are not dripped 
and those more than four stories high are dripped, but there is no set rule 
for this. When nsers are dripped the runouts from the steam main may 
be taken from the bottom if desired and each runout then serv^esasa drip 
for the main. 

The risers are carried up to the highest radiator connection and are 
connected to the radiator through runouts sloping back toward the riser. 
The radiators usually have graduated valves on the supply end, although 



Fig. 15. Method of Making Lifts 
ON Vacuum Systems when Distance 
IS Over 5 ft 



Fig. 16. Detail of Main Return 
Lift at Vacuum Pump 


Fig. 17 


rO ECC&MFKK 


ECCeNTRlC REDUCING 
fcoupcwa 


Method of Changing Size of Steam Main when Runouts 
ARE Taken from Top 


this is not absolutely necessary. Angle-globe valves and gate valves may 
be used where graduated manual control is not desirable. The return 
valves must be of the thermostatic type which will pass air and water but 
which will close against the passage of steam. 

The return risers are connected in the basement into a common return 
line, which slopes downward toward the vacuum pump. The vacuum 
pump discharges the air from the system and pumps the water back to the 
boiler, or other receiver, which may be a fe^-water tank or a hot well. 
It is essential on these systems that no connection from the supply side 
to the return side be made at any point except through a trap. 

While the best practice demands a return flowing to the vacuum pump 
in an uninterrupted downward slope, in some cases limitations make it 
necessary to drop the return below tie level of the vacuum pump inlet 
before the pump can be reached. In such event one of the advantages of 
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the vacuum system is that the return can be raised by the suction of the 
vacuum pump to a considerable height, depending on the amount of 
vacuum maintained, by means of a lift fitting inserted in the return. 
Best practice dictates that the lift should be limited to a single lift con- 
nection at the entrance to the vacuum pump and that lifts scattered 
throughout the system be avoided When the lift is considerable, several 
lift fittings are used in steps (Fig. 15), more successful operation being 
obtained by this method than when the lift is made in one step. If the 
lift occurs close to the vacuum pump, a special arrangement is used as 
shown in Fig. 16. It is desirable that means be provided for draining 
manually the low points of the lift fittings to eliminate from the return 
piping all water in danger of freezing in case the system is shut dowm for a 
considerable length of time. 

Down-Feed Vacuum System 

The piping arrangement for the down-feed vacuum system is similar 
on the supply side to the down-feed vapor s>'stem in that it has similar 
runouts, radiator valves, drips on the bottom of the steam drops, and 
enlargement of the drops for the lower radiator connections. The return 
side of the system is exactly the same as the up-feed system except that 
the steam riser drips at the bottom are connected into the return line 
through diermostatic traps. It is preferable to take the runouts for the 
risers from the bottom or at a 45-deg angle down from the steam main 
(Fig. 6) so that they may serve as steam main drips. When this is done 
it is practical to run the steam main level if a runout is located at every 
change in pipe size, or if eccentric fittings are used (Fig. 17). A slight 
pitch in the steam main, however, should be used when possible. An 
overhead vacuum down-feed system is shown diagrammatically in Fig. 18. 

SUB-ATMOSPHERIC SYSTEMS 

Sub-atmospheric systems are similar to vacuum systems, but in con- 
trast provide temperature control by variation of the heat output from 
the radiators both by vaiying the pressure at which steam is circulated in 
the radiation and the amount of steam. The steam supply is continuous 
at varying rates. A vacuum pump capable of operating at high partial 
vacua is preferable since tie higher the vacuum the greater is the accuracy 
in the distribution of steam through the system, particularly in mild 
weather. A pump capable of producing up to 25 in. of vacuum on the 
system is used in such cases. A controller is placed on the pump so tJiat 
the vacuum or absolute pressure carried in the returns can be maintained 
at a certain amount below that existing in the line to insure circulation. 

The traps are designed to operate in high vacuum. It is apparent that 
this system differs from the ordinary vacuum S37stem by having a vacuum 
on both sides of the system, instead of only on the return side, in order to 
secure control of the heat emission from the radiators and thus to control 
the temperature in the building. These systems permit the heat output 
from the steam mains and risers to be diminished as the weather becomes 
milder, thus giving control to this portion of a heating system. The 
system can be operated in the same manner as the ordinary vacuum 
system when desired. 
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In the vacuum system, steam pressure above that of the atmosphere 
exists in the supply mains and radiators practically at all times. In the 
sub-atmospheric system, steam pressure exists in the steam main and 
radiators only during the most severe weather, while under average 
winter temperatures the steam is under a partial vacuum which in mild 
weather may reach as high as 25 in. after which further reduction in heat 
output is obtained by partially filling the radiation with steam. 

This vacuum is partially self-induced by the condensation of the steam 
in the system due to the supply of steam being furnished through the 
control which admits it, and it being proportioned to balance the existing 
heat loss. In the sub-atmospheric system, a control valve is inserted on 



the steam main of an ordinary vacuum system near the boiler or the 
boiler is automatically controll^, a high-vacuum pump is substituted for 
the ordinary type and is supplied with a pressure-difference control, and 
traps are plac^ on the r^iators and drips which will operate satis- 
factorily at any pressure from 5 lb gage to 26 In. of vacuum. 

The control valve is either a special pressure-reducing valve which may 
be controlled manually, or a control valve or combustion equipment 
which may be operated thermostatically from points selected in the 
building. The vacuum pump regulator is simply a diaphragm so ar- 
ranged that, when the vacuum in Ae return line is insufficient to hold the 
desired difference in pressure between the steam and return sides of the 
system, the vacuum pump is automatically started and the vacuum 
increased to the necessary amount. The actual pressure difference main- 
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tained between the two sides of the system is only enough to secure 
adequate circulation and is often about 2 in. of mercur>\ This fixed 
pressure difference between the supply and return sides of the system 
results in practically constant circulation under all pressure conditions- 

In order to distribute the steam equally when the system is being 
wanned up and also to reduce the amount of steam delivered to the 
radiators on mild days, orifice plates are used in the graduated radiator 
control valves. The heat emitted from the radiators in mild weather and 
under conditions of high vacuum is not only reduced in proportion to the 
difference in the steam temperature between that for 2 Ib gage and for 
25 in. of vacuum but it is reduced still further by a reduction in the amount 
of steam which can pass through the orifice when the steam is expanded 
due to the vacuum. This renders possible the control of heat emission 
from the radiators to a point not indicated entirely by the difference in 
steam temperatures, but far beyond it. 

Sub-atmospheric operation has advantages even where individual 
thermostatic radiator control is installed. By operating the system with 
steam temperatures in parallel with the outside temperature require- 
ments, a large part of the load is removed from the temperature control 
system, it makes fewer operations and the radiator follow’s an even tem- 
perature without fluctuating from extreme hot to extreme cold. 

The high-vacuum pumps on this system are equipped with receivers 
having float control so that the pump can be placed on a receiver-retum- 
pump basis at night if desired so no high vacuum will be carried. One 
radical difference between this system and the ordinary vacuum system 
is that no lifts can be made in the return line, except at the vacuum pump. 
The returns must grade downward constantly and uninterruptedly from 
the radiator return outlet to the inlet on the high-vacuum pump receiver. 

No attempt should be made to heat service water on this system unless 
the steam line for water heating is taken off the boiler header back of the 
heating system control valve, and then only when 2 lb or more will be 
carried on the boiler at all times. 

ORMCE SYSTEM 

Orifice systems of steam heating may have piping arrangements 
identical wdth vacuum systems but some of these systems omit both the 
radiator thermostatic traps and the vacuum pump in cases where the 
returns are wasted to a sewer or delivered to some type of receiver in 
which no back pressure exists. The principle on which they operate is 
embodied in the well-known fact that an orifice will deliver varying 
velocities when the ratio of the absolute pressures on the two sides of the 
orifice exceeds 58 per cent. If the absolute pressure on the outlet side is 
less than 58 per cent of the absolute pressure on the inlet side no further 
increase in vdodty will be obtained. 

As a result, if an orifice is so designed in size as to exactly fill a radiator 
with steam at 2-lb gage on one side and J^-lb gage on the other, the abso- 
lute pressure relation is 


14.7 -1- 0.25 
14.7 -I- 2.0 


90 per cent 
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Should the steam pressure be dropped to ^-Ib ga^e, the pressure on each 
side of the orifice would be balanc^ and no steam flow would take place. 
From this it will be seen that if an orifice of a given diameter will fill a 
given radiator with steam when there is a given pressure on the main, it is 
simply a question of dropping this main pressure provided the supply 
pipe pressures be controlled sufficiently closely, so as to fill any desired 
portion of the radiator down to the point where the main pressure equals 
the back pressure in the radiator, at which time no steam will be supplied 
at all. If orifices throughout a system are designed on a similar baisis, all 
radiators will heat proportionately to the steam pressure within the limits 
for which the orifices are designed. 

Some systems use orifices not only in radiator inlets but also at different 
points on the main, thus balancing the system to a greater extent. For 
example, the system may be designed for a particularly long run involving 
an initial pressure of 3-lb gage on the main and 2 lb at the end of the meiin, 
but eadi branch from the main may have an orifice for reducing the 
pressure at it to 2-lb gage. This is particularly useful for branches near 
the boiler where the drop in the main has not yet been produced. 

Orifice systems using a vacuum pump operate successfully with the 
ordinary low vacuum type of pump producing 8 to 10 in. of vacuum. 
They are controlled by various means to regulate the steam pressure. 
One method is by a thermostat located on the roof to govern the steam 
pressure by a combination of outside and inside temperatures; another, 
useful on systems without traps and vacuum pumps, controls the steam 
pressure manually from temperature indication stations in the building, 
or automatically by a thermostatically-controlled pressure reduction 
vgJve or draft regulator on the boiler; with oil or gas firing, the on-and-off 
control or a boiler pressure control may be used. 

ZONE CONTROL 

Certain portions of a building may require more heat at times than 
others but if the whole building is on one general control, such as would 
occur with a single piping system with an on-and-off control or with the 
sub-atmospheric or the orifice systems, it would be necessary to supply 
sufficient heat to accommodate the coldest portion of the building even 
though some sections would be overheated. By separation of a building 
into zones each with its own piping system, each zone of the building may 
be controlled separately. 

The sides of the building with different exposures should be considered 
first, because of the varying effects of the wind and sun. With the pre- 
vsuling winter winds from the northwest, a simple zoning would place the 
north and west sides of the building on one system and the south and east 
sides on another. If the building is large enough to justify the expendi- 
ture, a better arrangement would be to place all north walls on one zone, 
all west walls on a second, all east walls on a third, and all south walls on 
a fourth. 

In case of high buildings, the lowest 8 or 10 stories may be well protected 
from wind by surrounding buildings, the next 10 stories may have 
moderate exposure, and above this there may be an unobstructed exposure 
to gales. On still days the heat demands vertically will veiry little, but on 
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windy days there will be a marked difference in the heat requirements for 
the different horizontal sections. In addition, the chimney effect caused 
by the difference in density’ between the warm air on the inside of a 
building ^d the colder air on the outside will give an air movement w^hich 
will require zoning to correct. Where such conditions are encountered, 
the building should be di\’ided horizontally as w’ell as vertically. An 
arrangement of this character would give 12 zones • namely, norA, east, 
south, and west lower zones; similar middle zones; and similar top zones. 
Each zone should constitute an indi\ddual and separate system of piping 
with its own supply steam valve (controlled by thermostats in its respec- 
tive zone) and with its own return or vacuum pump, if one is used. 
Certain interior areas, such as basements, light well wnlls and other 



locations where sun and wmd do not affect the conditions, should be 
placed in still another zone if the most economical results are to be 
secured. 

Zoning has advantages even where individual thermostatic radiator 
control is installed whether this be of pneumatic, electric, or the self- 
contained radiator valve type. By operating each zone to supply heat in 
parallel with its outside temperature and wind fluctuations, a large part 
of the load is taken off the thermostatic controls; they operate less 
frequently and the radiators follow a more even temperature instead of 
fluctuating from extreme hot to extreme cold. 

Sub-atmospheric, orifice, and zone control systems, generally are 
proprietary. 

AUXILIARY CONDITIONING UNIT 

In connection with a residential steam or hot water system using 
radiator or convector heating a unit as shown in Fig. 19, is available to 
supplement the old or new system. The unit is arranged in a sheet metal 
enclosure with a filter, circulating fan, means for adding moisture to the 
air, heating or tempering coil and generally provisions are made for the 
addition of a cooling coil in case summer air circulation is desired. The 
unit is frequently located on the ceiling of the basement and is connected 
with one or more supply in return air ducts in the various rooms. In 
some cases, provisions are made for the introduction of a portion of the 
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outside air to the system and dampers are included to adjust the desired 
air quantities. 

The heating coil of the unit may be connected to a steam or hot water 
boiler system and is adaptable for operation with a one-pipe, two-pipe or 
vacuum system. The cooling coil may be connected to a source of 
refrigeration, or in some cases city water is circulated through the coil 
when 58 F or lower temperature water is available. The amount of 
moisture released is adjustable depending upon the degree of humidifica- 
tion desired. The complete unit may be adapted to various automatic 
control arrangements to satisfy the comfort demands of the occupants. 

CONDENSATION RETURN PUMPS 

Condensation return pumps are generally required when the elevation 
of the boiler with respect to the heating units is such that the condensate 
will not return by gra\'ity, or when the boiler pressure is ^eater than that 
supplied the heating units, as in a high-pressure boiler installation sup- 
plying steam through a reducing valve to the heating units. The con- 
densate is commonly returned by gravity to a receiver, vented to the 
atmosphere, from which it flows to the pump. 

Condensation return pumps are assembled with tank or receiver and 
arranged for either continuous operation or for automatic starting and 
stopping by float control. Any style of water pump may be employed for 
this service, the power available determining whether the mode of drive 
shall be steam or electric. The motor-driven, automatic, centrifugal 
pump and receiver has found wide acceptance for low pressure heating 
systems. 

Fig. 20 shows a typical installation using an automatic condensation 
return pump and vented receiver. A float control operates the pump 
whenever sufficient water accumulates in the receiver. Condensation 
return pumps are suitable for use on systems in which the returns are 
under atmospheric pressure. These include atmospheric systems, orifice 
systems with open returns, and certain types of vapor systems which 
operate within a few ounces of atmospheric pressure, but ordinarily do 
not carry any sub-atmospheric pressure. They may also be used on 
one-pipe and two-pipe gravity steam systems with a proper arrangement 
for venting the receiver. In discharging to waste, there is no object in 
using a condensation pump unless the discharge must be elevated. 

VACUUM PUMPS 

A vacuum heating pump is employed to create a vacuum on the return 
side of a system to remove air and water from the return piping and to 
pump the condensate to the boiler or to a receiving tank. Pumps of 
this classification may be driven by steam or electricity; they may be 
continuous in operation, or automatic with float or vacuum control in one 
or more combinations. 

. For rating purposes®, vacuum pumps are classified as low vacuum and 
WgA vacuum. Low vacuum pumps are those rated under operation at 
5^in. mercury vacuum, and high vacuum pumps are those rated at 
vacuums above 5^ 


*See A S H V £. Standard Code for Testing and Rating Return Line Low Vacuum Heating Pumps 
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Return line vacuum pumps are classified in the method of their per- 
formance as follows 

a. Those which perform the function of air separation under atmospheric pressure. 

b Those which perform the function of air separation under a partial vacuum. 

Pumps coming under the first classification will handle vacuum steam 
system condensation coming back by gravity at any temperature up to 
205 F without either the sealing or the hurling water flashing into steam. 
These pumps, to operate under a combined water level and vacuum con- 
trol, must be equipped with a float-control receiver between the vacuum 
pump and the system, but where they are intended for continuous opera- 
tion, they do not require a receiver. Such pumps employ a single vacuum 



Fig. 20. Typical Installation Using Condensation Pump 


producer which removes the condensate and air from the system and 
delivers it into a separating chamber under atmospheric pressure from 
which the condensate is delivered to the boiler or feed water heater. They 
are constructed on one of the following evacuating and dischargeprindples : 

1. Hydraulic vacuum producer with one pump impeller. 

2. Hydraulic vacuum producer with two pump impellers. 

3. Water displacement vacuum producer with two pump impellers. 

4. Piston displacement vacuum producer with one pump piston. 

The second classification of pumps will handle vacuum steam system 
condensation coming back by gravity at any temperature not exceeding 
190 F without the flashing into steam of dther the sealing or the hurling 
water. In order to operate under a combined water-level and vacuum 
control, these pumps must be equipped with. a float-control receiver 
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between the vacuum pump and the system; where intended for con- 
tinuous operation they do not require a receiver. Such pumps employ a 
vacuum producing impeller which removes air from the receiver or 
heating system under a partial vacuum and delivers it through an air 
separator against atmospheric pressure. The condensate is removed 
from the receiver under a partial vacuum by a separate impeller and is 
delivered to the boiler or feed water heater. For evacuating and dis- 
chai^e, a water displacement vacuum producer with two pump impellers 
is used. 

Recover Capacities for Vacuum Pumps 

Where receivers are used in connection with vacuum pumps there is a 
definite relation between the capaaty of the receiver and the capacity 
of the pump. The receiver should have a capacity of not less than 
times the volumetric quantity of condensation per minute and should not 
have such a capacity that the pump will empty the receiver in less than 
half a minute. Receivers of larger capacities will result in less frequent 
periods of operation. 

Piston Displacement Vacuum Pumps 

Piston displacement return-line vacuum heating pumps may be either 
power or steam driven. They should be provided with mechanical 
lubricators and their piston speed in feet per minute should not exceed 
20 times the square root of the number of inches in their stroke. While 
the volumetric displacement for such pumps was formerly figured at 8 to 
10 times the volumetric flow of condensation to be handl^, the more 
effiaent thermostatic traps used today in connection with vacuum 
heating systems make it possible to ch^ge this proportion so that the 
volumetric displacement of these pumps may not be less than 6 times the 
volume of condensation. 

Vacuum Pump Controls 

In the ordinary vacuum system the vacuum pump is controlled by a 
vacuum regulator which cuts in when the vacuum drops to the lowest 
point desir^ and which cuts out when the vacuum has been increased to 
the highest point. This is done largely to eliminate the constant starting 
and stopping of the vacuum pump which would occur if the vacuum were 
maintained constant. In addition to this control, a float control is in- 
cluded which will automatically start the pump whenever sufficient con- 
densation accumulates in the receiver, r^ardless of the vacuum in the 
system. This arrangement makes the vacuum pump primarily a con- 
densation pump and secondarily an air pump. 

On the sub-atmospheric systems the high vacuum pump is controlled 
by a differential regulator which keeps the vacuum in the return line 
always a few inches higher than that in the steam line and in the radiators. 

TRAPS 

Traps are used for draining the condensate from radiators, steam 
piping systems, kitchen equipment, laundry equipment, hospital equip- 
ment, d^ng equipment and many other kinds of apparatus. The usual 
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functions of a trap are to allow the passage of condensate and to prevent the 
passage of steam. In addition to these functions, traps are frequently 
required to allow the passage of air as well as condensate. Traps are also 
required to allow the passage of air and to prevent the passage of either 
water or steam, or both. 

In addition, traps are used for returning condensate either by gra\'ity, 
by steam pressure, or by both, to a boiler or other point of disposal, and 
for lifting condensate from a lower to a higher elevation, or for handling 
condensate from a lower to a higher pressure. 

The fundamental principle upon which the operation of practically all 
traps depends is that the pressure within the trap at the time of discharge 
shaJl be equal to, or slightly in excess of, the pressure against which the 
trap must discharge, induding the friction head, velodty head and static 
head on the discharge side of the trap. If the static head is in favor of 
the trap discharge it is a minus quantity and may be deducted from the 
other factors of the discharge head. 

Traps may be classified according to the prindple of operation as (1) 
float, (2) bucket, (3) thermostatic, or (4) tilting traps. 

Float Traps, A discharge valve is operated by the rise and fall of a float due to the 
change of water level in 8ie trap. When the trap is empty the float is in its lowest 
position, and the discharge valve is closed. A gage glass indicates the height of water 
in the chamber. 

Unless float traps are well made and proportioned there is danger of considerable 
steam leakage through the discharge valve due to unequal expansion of the valve and 
seat and the sticking of moving parts. The discharge from a float trap is usually con- 
tinuous since the height of the float, and consequenQy the area of the outlet, is propor- 
tional to the amount of water present. 

Bucket Traps, Bucket traps are of two types, the upright and inverted, and although 
they are both of the open float construction, their operating principle is entirely different. 
In the upright bucket trap, the water of condensation enters the trap and Alls the space 
between the bucket and the walls of the trap. This causes the bucket to float and forces 
the valve against its seat, the valve and its stem usually being fastened to the bucket. 
When the water rises above the edges of the bucket it flows into it and causes it to sink, 
thereby withdrawing the valve from its seat. This permits the steam pressure acting 
on the surface of the water in the bucket to force the water to a discharge opening. When 
the bucket is emptied it rises and closes the valve and another cycle begins The discharge 
from this type of trap is intermittent. 

In the inverted bucket trap, steam floats the inverted submerged bucket and closes the 
valve. Water entering the trap Alls the bucket which sinks and through compound 
leverage opens the valve, and the trap dischajges. It is impossible to install a water 
gage glass on an inverted bucket trap, but if visual inspNection is necessary, a gage glass 
can be placed on the line leading to the trap. No air relief cocks can be used^ but this is 
unnecessary, as die elimination of air is automatically taken care of by air passing through 
the vent in the top of the inverted bucket regardless of temperature. 

Thermostatic Traps, Thermostatic trap are of two types, those in which the discharge 
valve is operated by the relative expansion of metals, and those in which the acrion of 
a volatile liquid is utilized for this purpose. Thermostatic traps of large capacity for 
draining blast coils or very large radiators are called blast traps. 

Tilting Traps, With this type of trap, water enters a bowl and rises until its weight 
overbalances mat of a counter-weight, and the bowl sinks to the bottom. As the bowl 
sinks, a valve is opened thus admitting live steam pressure on the surface of the water 
and the trap then dischsuges. After the water is dischar^, the counter-weight sinks 
and raises the bowl, which in turn closes the valve and the cycle begins ag^. Tilting 
traps are necessarily intermittent in operation. They are not ordinarily equipped with 
glass water gages, as the action of the trap shows when it is Ailing or empt^ng. The air 
relief of tilting traps is taken care of by die valves of the trap. 
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Thermostatic traps are generally used for draining radiators and 
heaters, except for very large capacities where bucket, float or blast-type 
thermostatic traps are used. Thermostatic traps for this service usudly 
pass both condensate and air and in the case of float and upright bucket 
traps the air is usually relieved through an auxiliary thermostatic trap in 
a by-pass around the main trap. Sometimes this auxiliary air trap is an 
integral part of the trap. Such traps are termed float and thermostatic 
traps. 

Blast-type thermostatic traps are sometimes used on vacuum heating 
systems for connecting old one- or two-pipe gravity systems in parallel 
with vacuum return line systems, in which case the blast-type thermo- 
static traps should not be provided with auxili^ air by-pass, as the 
action of this will allow the vacuum to draw air into the old system 
through its air valves, especially when the steam is wholly or partially 
ait off. The air from the returns of such old systems should be relieved 
just ahead of the traps by means of quick-venting automatic air valves, 



Fig 21. Method of Discharging High-Pressure Apparatus into Low-Pressure 
Heating Mains and Vacuum Return Mains through 
A Low-Pressure Trap 

preferably of the non-return type, especially if the other air valves on 
the old system are non-retum valves. 

Tilting traps used for discharging to a higher or a lower pressure are 
provided with two or three valves operated by the action of the trap. 
In the case of the two-valve tilting traps, one valve closes a steam inlet 
and the other valve opens a vent outlet while iJie trap is filling, and as 
soon as the trap dumps, the first valve opens the steam inlet and the 
second valve closes the vent outlet, while the trap discharges. In this 
type of trap there must be a swinging check-valve on eadi side of ihe 
trap, in addition to the usual by-pass, to prevent the pressure in the trap, 
while discharging, from backing up through the inlet and the pressure 
in the discharge line from backing up into die trap while it is filling. This 
type of trap will blow steam out through the vent while filling, if the 
pressure on the inlet side is sufficient, and should not be used, therefore, 
with such pressures unless the vent is properly piped bade into the return 
to a feed water heater, a condenser or a perforated pipe in the bottom 
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of the receiver to which the trap discharges in such a way as to prevent 
the escape of the steam that comes in with the condensate and passes 
through the vent. In the three-valve traps of this t\"pe there is an extra 



valve for closing the discharge while the trap is filling with condensate. 
High pressure traps should not discharge directly into a vacuum return 
because of the vapor formed by the re-evaporation of a part of the hot 
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condensation. Fig. 21 shows a method which may be used for disposing of 
the greater part of the vapor of re-evaporation. An expansion chamber 
often is installed between the high- and low-pressure traps. 

Automatic Return Traps 

In the general heating plant, where thermostetic traps are installed on 
the heating units, it becomes necessary to pro\ ide a means for returning 
the water of condensation to the boiler, if a condensation or vacuum pump 
is not used. When the return main can be kept sufficiently high above the 
boiler water line for all operating conditions, the water of condensation 
will flow back by gravity, and no mechanical device is required. But 
actually this does not work out in practice. It follows, therefore, that a 
direct return trap is needed for the handling of the condensation even 
though it may not be called into action except under some operating 
condition where the pressure differential exceeds the static head provided. 
The installation of a direct return trap assures safety for such systems, 
and guarantees the operation of the plant under varying conditions. 

Automatic return traps, sometimes called alternating receivers, may 
be of the counter-balanc^, tilting type, or spring actuated. These consist 
of a small receiver with an internal float, and when the condensate will 
not flow into the boiler under pressure, it will feed into the receiver of the 
trap, and in so doing, raise or tilt the float or mechanism which actuates a 
steam valve automatically. This admits steam to the receiver, at boiler 
pressure, and the equalizing of the pressures which follows allows the 
water to flow into the boiler. Fig. 22 shows a direct return tilting trap 
and receiver properly connected for automatically feeding a boiler from a 
system of returns delivering the condensate to the receiver. 


PROBLEMS IN PRACTICE 

1 • \)niat is meant by water line difference in a gravity steam heating system? 

The water line difference is the distance between the level of the water in the dry or wet 
return and the boiler water line This difference is equivalent to the pressure required 
to overcome the maximum drop in the system and the operating pressure of the boiler. 

2 • How many types of common mechanicsal returns are there and what are 
they? 

Three: (1) the mechanical return trap, (2) the condensation return pump, and (3) 
the vacuum pump. 

3 • In the ordinary vacuum system of steam heating, where does the vacuum 
usually exist? 

On the return side of the system only, between the radiator trap and the vacuum pump 
If the radiator supply valve is clo^ off, the vacuum may extend back through the 
radiator as far as the supply valve, if an inadequate supply of steam is furnished to 
the system, some vacuum may be developed in the steam main, but neither of these can 
be termed normal operation 

4 • What is the distinction between the open and the closed vapor systems? 

The open vapor system has the return line always open to the atmosphere, while the 
closed vapor system has an automatic device on the air vent so that air once expelled 
from the system through the vent cannot re-enter via this route. 
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5 • On a vacuum system, what device must be placed on all drips before they 
enter the vacuum return line? 

A thermostatic dnp trap or occasionally, where large volumes of condensation are to be 
handled, a float trap 

6 ® How does the sub-atmospheric system differ in operation from the ordinary 
vacuum system? 

The ordinary vacuum system has pressure in the steam line, and a vacuum produced by 
the vacuum pump in the return line, usualh var\’ing between 5 and 10 m of mercury' 
The sub-atmosphenc system may have either a \'aciium or pressure on the steam and 
return lines, but a constant difference in pressure is maintained between the lines regard- 
less of w’hat pressure or vacuum may be carried The vacuum, which is generally 
produced jointly b> condensation and the exhausting action of the pump, m the system 
under conditions of throttled steam supply, will run much higher than in the ordinary 
vacuum system, and as high as 25 in of mercury m the radiators 

7 # Wbat is generally understood by zoning in building steam beating systems? 

Zoning is a term applied to the placing of certam sections of a building on a single 
temperature control instead of having either individual room control or a single tempera- 
ture control governing the wrhole building Zones may be honzontal. such as a single 
story, a basement, or an attic, or vertical such as the north side, or the w’est side 

8 • Why does the water line in the far end of a wet return in a gravity steam 
system rise higher than the water line in the boiler? 

The friction of the steam flowing through the steam main from the boiler to the far end of 
the s^’stem and the pressure reduction resulting from the condensing action of the radi- 
ators causes a drop in steam pressure at the point where the w'et return is connected, 
consequently, the steam pressure on top of the water in the w’et return is less than the 
steam pressure on top of the water in the boiler, so the water in the end of the wet return 
nses until a balanced condition is set up 

9 # On gravity one-pipe systems as indicated in Fig. 1 and Fig. 3, why is the 
drip on the steam runout connected to wet return? 

Because if it were connected to dry return, the pressure drops to tw’O different points 
would not necessarily be the same and the system would short circuit 

10 • What is the function of the automatic return trap? 

To insure the return of condensate to the boiler when the operating condition is such that 
the boiler pressure exceeds the static head on the returns. 

11 • What advantage is there to an air valve with a check to prevent the re- 
entrance of exp^ed air? 

A system equipped with such valves builds up a vacuum and holds the heat longff. 
With proper controls on the boiler, low^er radiator temperatures can be maintained in 
mild weather, giving better plant efficiency. 

12 • With a one-pipe steam heating plant designed for a total pressure drop of 
lb with a check valve on the return, how high must the lowest part of the 

steam Twain be above tbe boiler water line? 


Water line difference (Ji X 28) 7 in. 

Flow head required 3 in. 

Fnction head of check valve 4 in. 

Factor of safety 6 in. 

Total requu-ed 20 in. 


13 • What are the essentials of a two-pipe closed vapor system? 

Packless graduated valves on radiators; thermostatic return traps on return and drips; 
an automatic return trap to prevent water from backing out of the boiler. 
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14 • "Why must the automatic return trap on two-pipe vapor systems be about 
18 in. above the boiler water line? 

That height is necessary to overcome water line difference owing to pressure drop and 
friction m pipe and fittmgs 

15 • ^Hiat is the difference between the systems illustrated in Fig. 10 and 
Fig. 13? 

The risers and the air eliminator in Fig 13 are vented to atmosphere 

16 # What is the difference between a vacuum pump and a condensation return 
pump? 

The vacuum pump produces and maintains a vacuum in the return lines whereas the 
condensation return pump returns the condensation back to the boiler The relation of 
the boiler to the heating units is such that the condensate will not return by gravity 

17 # What is the function of a trap? 

The usual function is to allow the passage of condensate and air and to prevent the 
passage of steam. 

18 • Under what conditions is it advisable to use a combination float and 
thermostatic trap? 

Where unusual capaaties are required, as on large mams or blast coils 

19 • Why should the discharge from high pressure traps not go directly into a 
vacuum return main? 

Because of its higher temperature, the high pressure condensate would immediately 
flash into steam in the vacuum main and cause difficulty with the vacuum pump 
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Chapter 32 


PIPING FOR STEAM HEATING SYSTEMS 

Flow of St^m in Pipes, Pipe Sizes, Tables for Pipe Sizing, One-Pipe 
Gravity Air Vent Systems, Two-Pipe Gravity Air Vent Systems, Two- 
Pipe Vapor Systems, Vficuum Systems, Atmospheric ^sterns, Sub- 
Atmospheric Systems, Orifice Systems, High Pressure Steam, 
Expansion in Steam and Return lAnes, Piping Connections and 
Details, Boiler Connections, Hartford Return Connection 


T he design of a steam heating ^stem should be considered under four 
headings, namely, (1) the details of the heating units, (2) the arrange- 
ment of the general piping scheme, (3) the details of connections, and (4) 
the sizing of the lines. Items 1 and 2 are covered in Chapters 30 and 31, 
respectively, while this chapter considers the two latter items. 

The functions of piping are to supply the heating units with steam and 
to remove the condensation. In some systems both the air and con- 
densation are removed from the heating units by the return piping. To 
accomplish this effectively, the distribution of the steam should be 
efficient and equitable, witiiout noise, and the returns should be as short 
as possible. When air is handled its escape should be facilitated to the 
utmost since an air-bound system will not heat properly. Condensation 
takes place in a steam system not only in the heating units, but through- 
out the piping system as well, and the returns also condense any steam^ or 
vapor that may be contained- At the same time part of the condensation 
may flash back into steam when the vacuum or pressure in the return is 
considerably below the steam pressure. 

It is essential that steam piping systems not only distribute ste^ at 
full load but also at partial loads, as the average winter demand is less 
than half of the demand in most severe outside temperatures. Further- 
more, in heating up rapidly the load on the steam main may exceed &e 
maximum operating load even in extreme weather, due to &e necessity 
of raising the temperature of the metal in the system to the steam tem- 
perature. This may require more heat than would be emitted from the 
system itself after it once is thoroughly heated. 

STEAM FLOW 

The rate of flow of dry steam or steam with a small amount of water 
flowing in the same direction is in accordance with the general laws of gas 
flow and is a function of the length and diameter of the pipe, the density 
of the steam, and the pressure drop through the pipe. This relationship 
of flow of dry steam or steam with a small amount of water has been 

571 



American Society of Heating and Ventilating Engineers Guide, 1937 


established by Babcock in formula 1. 

P = 0 0000000367 ^1 



where 

P * loss in pressure, pounds per square inch 
d = inside diameter of pipe, inches 
L = length of pipe, feet. 

D = weight of 1 cu ft of steam 
W * weight of steam flowing per hour, pounds 


( 1 ) 

( 2 ) 


Example 1 How much steam will flow per hour through 100 ft of 2-m pipe if the 
initial pressure is 1.3 lb per square mch and the pressure drop is 1 oz? 

Solution, P « = 0.0625 lb; d = 2 067 m. (Table 1, Chapter 34), I# = 100 ft. 
Id 

D — 0.04038 lb (Table 8, Chapter 1). Substituting these values in Formula 2: 


W = 5220 


/o 0625 X 0.04038 X 2.067« 

1 1 

(l 1 "1 

|100 

i, ‘ 2 067 ,i 


= 97 2 lb per hour. 


Formula 2 does not allow for entrained water in low-pressure steam, 
condensation in pipe, and roughness in commercial pipe as found in 
practice. 

The latent heat of steam (hfg) at atmospheric pressure (Table 8, 
Chapter 1) is 970.2 Btu per pound. Inasmuch as the heat emission of an 
equivalent square foot of heating surface (radiation) is 240 Btu, 1 lb of 


steam at this pressure will supply 


970.2 

240 


or 4.04 sq ft of equivalent heating 


surface. This figure is usually taken as 4 even. In Example 1, the weight 
of steam flowing per hour would therefore supply 4 X 97.2 or 388.8 sq ft 
of equivalent heating surface. 


PIPE SIZES 

The determination of pipe sizes for steam heating depends on the 
following principal factors: 

1. The initial pressure and the total pressure drop which may be allowed between the 
source of supply and the end of the return S 3 ^tem. 

2. The maximum velocity of steam allowable for quiet and dependable operation of 
the system. 

3. The equivalent length of the run from the boiler or source of steam supply to the 
farthest heating unit 

4. Unusual conditions in the building to be heated 

Initial Pressure and Pressure Drop 

Theoretically there are several factors to be considered, such as initial 
pressure and pressure required at the end of the line, but it is most im- 
portant that (1) the total pressure drop does not exceed the initial pressure 
of the system ; (2) the pressure drop is not so great as to cause excessive 
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velorities; (3) there is a constant initial pressure, except on systems 
specially designed for varying initial pressures, such as the sub-atmos- 
pheric which normally operate under controlled partial vacua, the orifice, 
and the vapor systems which at times operate under such partial vacua 
as may be obtained due to the condition of the fire; ^4) there is sufficient 
difference in level, for gra\dty return systems, between the lowest point 
on the steam main, the heating units, and the dry return, when considered 
in relation to the boiler water line. 

All systems should be designed for a low initial pressure and a reason- 
ably small pressure drop for two reasons: the present tendency in 

steam heating unmistakably points toward a constant lowering of pres- 
sures even to those below atmospheric; second^ a system designed in this 
manner will operate under higher pressures without difficulty. When a 
system designed for a relatively high initial pressure and a relatively high 
pressure drop is operated at a lower pressure, it is likely to be noisy and 
have poor circulation. 

The total pressure drop should never exceed one-half of the initial 
pressure when condensate is flowing in the same direction as the steam 
Where the condensate must flow counter to the steam, the go\^erning 
factor is the velocity permissible without interfering with the condensate 
flow. Laboratory experiments limit this to the capacities given in 
Tables 1 and 2 for vertical risers and in Table 3 for horizontal pipes at 
varying grades. 

Maximum Velocit!ir and Reammg 

The capacity of a steam pipe in any part of a steam system depends 
upon the quantity^ of condensation present, the direction in which the 
condensate is flowing, and the pressure drop in the pipe, ^\^lere the 
quantity of condensate is limited and is flowing in the same direction as 
the steam, only the pressure drop need be considered. When the con- 
densate must flow against the steam, even in limited quantity, the ve- 
locity of the steam must not exceed limits above which the disturbance 
between the steam and the counter-flowing water may produce object- 
ionable sounds, such as water hammer, or may result in the retention of 
water in certain parts of the system until the steam flow is reduced 
sufficiently to permit the water to pass. The velocity at which such 
disturbances take place is a function of (1) the pipe size, whether the pipe 
runs horizontally or vertically, (2) the pitch of the pipe if it runs hori- 
zontally, and (3) the quantity of condensate flowing against the steam. 

Two factors of uncertainty always exist in determining the capacity of 
any steam pipe. The first is variation in manufacture, which apparently 
cannot be avoided and which caused an actual difference of 20 per cent in 
the capacity of a 1-in. pipe in experiments carried on at the A.S.H.V,E. 
Research Laboratory (Table 4). The second is the reaming of the ends of 
the pipe after cutting, which, experiments indicate, might reduce the 
capacity of a 1-in. pipe as much as 28.7 per cent (Table 5). All of the 
capacity tables given in this chapter include a factor of safety. However, 
the pipe on which Table 4 is based showed no particular defects or con- 
strictions on the inside, and the factor of safety referred to does not cover 
abnormal defects or constrictions nor does it cover pipe not properly 
reamed. 
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Table 1. Maximum Allowable Capacities of Up-Feed Risers for One-Pipe 

Low Pressure Steam 

Based on A SB V.E. Research Laboratory Tests 


PiFB Size 
Inchbs 

Vblocitt 

Fbst Pbr Second 

Pbesbuhb Drop 
Ounces 

PER 100 Ft 

CA.PA.crrT 

SqFt 

Radiation 

Btu per Hour 

Lb 

Steam per Hour 

A 

B 

C 


E 

F 

1 

14.1 

0 68 


10,961 

11 3 

m 

17 6 

0 66 


23,765 

24 5 

IH 

20 0 

0 66 

152 

36,860 

38 0 

2 

23.0 


288 

69,840 

72 0 

2H 

26.0 

SS^B 



116 0 

3 

29.0 

0 48 



199 8 

3H 

31.0 

0 44 



286 0 

4 

32.0 

0 39 

1520 

368,000 

380 0 


INSTRUCTIONS FOR USING TABLE 1 


1 CapacitiGS given m Table 1 should never be exceeded on one-pipe risers 

2 Capacities are based on ^-Ib condensation per square foot equivalent radiation and actual diameter 
of standard pipe 

3 All pipe should be well reamed and free from constrictions. Fittings should be up to size (See 
Tables 4 and 5) 


Table 2 Maximum Allowable CAPAanES of Up-Feed Risers for Two-Pipe 

Low Pressure Steam 

Based on A. S.H. V, E, Research Laboratory Tests 


Pipe Size 
Inches 

Velocitt 

Feet per Second 

Pbessure Dbop 
O tfNCBS 

PER 100 Ft 

Cipacmr 

SqFt 

Radiation 

Btu per Hour 

Lb 

Steam per Hour 

A 

B 

c 

D 

E 

F 


20 

— 


9550 

10.0 

1 

23 

1.78 

74 

17,900 

18.45 

IH 

27 

1.57 

151 

36,500 

37.65 


30 

1.48 

228 

55,200 

57 0 

2 

35 

1.33 

438 

106,100 



38 

1.16 

678 

164,100 


3 

41 

0.95 

1129 

273,500 

282.2 

3% 

42 

0.81 

1548 

375,500 

387 0 

4 

43 

0.71 

2042 

495,000 

510.5 


INSTRUCTIONS FOR USING TABLE 2 
1 The capaaties given m this table should never be exceeded on two-pipe nsers 
2. Capaaties are based on )i-lb condaisation per square foot equivalent radiation and actual diameter 
of standara pipe 

3 All pipe should be reamed and free from constrictions Fittings should be up to size, ^ee 
Tables 4 and 5 ) 
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Table 3. Compar^vtive Capacity of STE\ii Lines \t Vario’^'s Pitches for Steam 
AND Condensate Flowing in Opposite Directions^ 
Pttch of Pipe %n Inches per 10 Ft 


Pitch of 
Pipe 

J-A IN 

^2 W 

1 IN 

1^2 » 1 

2 Pf 

Sin 

4 IN 


5 IN. 

Pipe 

Size 

Inches 

SqFt 
Rad 
Based 
on 240 
Btu 

1 

a 

s 

SqFt 
Rad 
Based 
on 240 
Btu 

1 

1 

SqFt I ^ 
Bad 1 
Based I % 
on 240 1 J 
Btu 1 

SqFt 
Had 
Baaed 
on 240 
Btj 

_ ' SflFt 
^ ; lUJ 

M i Baaed 
1 Ion 240 
Btu 

1 X 

|l 

, ^ ft 1 - 

Ran , ^ 
j Basea I M 
on 240 1 J! 
Btu , 

SqFt 
Rad , 
Baaed 
ca240 
BtJ 

> 1 
8 ' 
S ■ 

1 

SqFt 
PAd. 
Baaed 
on 240 
Btu 

1 

S 

H 

25 0 

12 

30 3 

14 

37 3 1 IS 1 

40 4 

19 > 

42 5 

‘2D 

, 46 1 21 

1 47 5 ' 

22 , 

49 3 

23 

1 

45 8 

12 

52 6 

15 

63 0 17 

70 0 1 

20 t 

75 2 

i 22 

S3 0 . 23 

' 87 9 

25 ' 

90 2 

26 

iH 

104 9 

18 

117 2 

20 

133 0 ' 23 

144 5 1 

25 

154 0 

1 

165 0 28 

' 172 6 

29 

178.2 

31 

ijS 

142 6 

18 

159 0 

21 

181 0 j 23 

196 5 

25 ! 

209 3 

1 27 

1 224 0 2S 

• 234 S 

30 1 

242 6 

31 

2 

236 0 

19 

263 5 

20 

1 

299 5 23 1 

1 ’ 

325 5 , 


346.5 

‘ 27 

. 371 5 ' 28 

388,4 

29 < 

401.1 

30 


aData from American Societv of Heating and Ventilating Engineers Research Laboratory 


Equivalent Length of Run 

All tables for the flow of steam in pipes, based on pressure drop, must 
allow for the friction offered by the pipe as well as for the additional 
resistance of the fittings and valves. These resistances generally are 
stated in terms of straight pipe; in other words, a certain fitting will 
produce a drop in pressure equivalent to so many feet of straight run of 
the same size of pipe. Table 6 gives the number of feet of straight pipe 
usually allowed for the more common types of fittings and valves. In all 
pipe sizing tables in this chapter the Imgth of run refers to the equivalent 
length of run distinguished from the actual length of pipe in feet. The 
length of run is not usually known at the outset; hence it is necessary to 
assume some pipe size at the start- Such an assumption frequently is 
considerably in error and a more common and practical method is to 
assume the length of run and to check this assumption after the pipes are 
sized. For this purpose the length of run usually is taken as double the 
actual length of pipe. 


Table 4 Per Cent Difference in CAPAaiY for Carrying Steam and Condensate 
Due to Variation of Pipe Size and Smoothness® 



Maximum Condensation, Lb per Hol-r 

Size of pipe— .. -. 

?iln 

lln. 


lJ4Ia 

Minimum _ _ 

14.00 

24.89 

46.42 

70.50 

Maadmum 

16.20 

30.08 

52.08 


Pw variation . _ . 

8.6 

20.8 

14.7 




aData from American Socibtt of Heating and Ventilating Engineers Research Laboratory. 


Table 5 Effect of Reaming Entrance to One-Inch One-Pipe Risers® 



Maxoiuh CiPAcrrr 
or Bisbb 

Put Cur 
D liCRlAffll 

PaamaH antranras . 

24.7 lb per hour 
23.9 lb per hour 

22.2 lb per hour 

19.2 lb per hour 
17.6 lb per hour 

0.0 

Roiindp^H er»trf>n<^ . 

3.2 

SniiaraH antranr^ , 

10.1 

Tni**^ 'wVif^T cutter 

22.2 

SiTi£rla wIiaAl riittar , ^ 

28.7 



■Data from American Society of Heating and Ventilating Engineers Research Laboratory. 
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Table 6. Length in Feet of Pipe to be Added to Actual Length of Run — 
Owing to Fittings — to Obtain Equivalent Length 


Size of Pipe 
Inches 

St'd Elbow 

Side Outlet 
Tee 

Gate Valve 

Globe Valve 

Angle Valve 

Length in Feet to be Added to Run 

2 

5 

16 

2 

18 

9 


7 

20 

3 

25 

12 

3 

10 

26 

3 

33 

16 

3}^ 

12 

31 

4 

39 

19 

4 

14 

35 

5 

45 

22 

5 

18 

44 

7 

57 

28 

6 

22 

50 

9 

70 

32 

7 

26 

55 

10 

82 

37 

8 

31 

63 

12 

94 

42 

9 

35 

69 

13 

105 

47 

10 

39 

76 

15 

118 

52 

12 

47 

90 

18 

140 

63 

14 

53 

105 

20 

160 

72 


Example of length m 
feet of pipe to be added 
to actual length of run. 


MEASURED LENSTff 


“9r 


! EQUIVALENT LENSTM’^ 


mZ’O" 




* TABLES FOR PIPE SIZING^ 

Factors determining the size of a steam pipe and its allowable limit of 
capacity are as follows: 

1. Pipe condensate flowing with steam. 

2. Pii)e condensate flowing against steam. 

3 Pipe and radiator condensate flowing with steam. 

4. Pipe and radiator condensate flowing against steam 

It is apparent that (3) and (4) are practically limited to one-pipe 
systems while (1) and (2) cover all other systems. 

Tables 7 and 8, worked out for determining pipe sizes, have their col- 
umns lettered continuously, Columns A through L being in Table 7, and 
M through EE^m Table 8. In the following text, reference made to 
columns will be by letter. The tables are based on the actual inside 
diameters of the pipe and the condensation of lb (4 oz) of steam per 
square foot of equivalent direct radiation* {abbreviated EDR) per hour. 
The drops indicated are drops in pressure per 100 ft of equivsdent length 
of run. The pipe is assumed to be well reamed without unusual or notice- 
able defects. 


^Fipe size tables in this chapter have been compiled in simidified and condensed form for the convemence 
of the user; at the same time all of the information contamed m previous editions of Tss Gxjids has been 
retained Values of pressure drops, formerly expressed in ounces, are now expressed in fractions of a pound. 

*As steam system design has materially chans^ m recent years so that 240 Btu no longer expresses the 
heat of condensation from a square foot of radiator surface per hour, and as present day bwitfng umts have 
different characteristics from older forms of radiabon, it is the purpose of The Gxjidb to gradually eliminate 
the empirical expression square foot of equtvaleni dtrect radustton EDR, and to substitute a logical umt based 
on the Btu The new terms to express the equivalent of 1000 Btu (Mb), and 1000 Btu per hour (Mbh), 
have been approved by the A S H V B. 
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Table 7 may be used for sizing piping for steam heating systems by 
determining the allowable or desired pressure drop per 100 equivalent 
feet of run and reading from the column for that particular pressure drop. 
This applies to all steam mains on both one-pipe and two-pipe systems, 
vapor systems, and vacuum systems. Columns B to G, inclusive, are used 
where the steam and condensation flow in the same direction, while 
Columns H and I are for cases where the steam and condensation flow in 
opposite directions, as in nsers and runouts that are not dripped. Columns 
/, K, and L are for one-pipe systems and cover riser, radiator valve, and 
vertical connection sizes, and radiator and runout sizes, all of which are 
based on the cntical velocities of the steam to permit the counter flow of 
condensation without noise. 

Sizing of return piping may be done with the aid of Table 8 where pipe 
capacities for wet, dry, and vacuum return lines are shown for the pressure 
drops per 100 ft corresponding to the drops in Table 7. It is customary to 
use the same pressure drop on both the steam and return sides of a system. 

Table 7. Steam Pipe CAPAaTiEs 

Capacity Expressed in Square Feet of Equivalent Direct Radiation 

(Reference to this table will be by column letter A through L) 

This table is based on pipe size data developed through the research investiga- 
tions of the ABcnazcAN Society of Heating and Ventilating Engineees 


CAPACITIES OP STEAM MAINS AND RISERS Spewal Cafacttiw toe 



Note — All drops shown are m pounds per 100 ft of eqmvalent run — Abased on pipe properly reamed 
«Do not use Column E for drops of 1/24 or 1/32 lb; substitute Column C or Column B as required. 
bDo not use Column J for drop of 1/32 lb except on sizes 3 m. and over; below 3 m substitute Column B. 
eOn radiator runouts over 8 ft long increase one pixie size over that shown in Table 7 

tji , f AimucAN Socarr of Hiatwo and VentHiATOto Enginotes \ Not to be Reprinted Wlth- 
viopyzignx HeaUng, Piping and Atr Con^homng Contradan National Aeeoeudion y out Special Permlasion 
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Example What pressure drop should be used for the steam piping of a sv’stem if 
the measured length of the longest run is 500 ft and the m.tial pressure is not to be over 
2-lb gage? 

SoluHon It will be assumed, if the measured lengtn of the longest run is 500 ft, that 
when the allowance for fittings is added the equivalent lengrh o: ran wdl not exceed 
1,000 ft Then, with the pressure drop not over one half of the initial pressure, the drop 
could be 1 lb or less With a pressure drop of 1 lb and a length of run ot 1,000 ft, the 
drop per 100 ft would be Ho, lb, while if the total drop were H lb, the ^op per 100 ft 
would be Ho lb In the first instance the pipe could be sized according to Column D for 
He lb per 100 ft, and in the second case, the pipe could be sized according to Colunm C 
for H 4 lb* On completion of the sizing, the drop could be checked by taking the longest 
line and actually calculating the equivalent length of run from the pipe sizes determined 
If the calculated drop is less than that assumed, the pipe size is all nght : if it is more, it is 
probable that there are an unusual number of fittings involved, and either the lines must 
be straightened or the column for the next lower drop must be used and the lines resized 
Ordinanly resizing will be unnecessary 


ONE-PIPE GRAVITY AIR-VENT SYSTEMS 

One-pipe gravity air-vent systems in which the equivalent length of run 
does not exceed 200 ft should be sized as follows: 

1 For the steam main and dripped runouts to rtsers where the steam and condensate 
flow in the same direction, use Hs-lb drop (Column D), 

2. Where the riser runouts are not dripped and the steam and condensation flow in 
opposite directions, and also in the radiator runouts where the same condition occurs, use 
Colunm X. 

3 For up-feed steam risers carrying condensation back from the radiators, use Column 7. 

4. For down-feed systems the mam risers of which do not carry any radiator con- 
densation, use Column E. 

5. For the radiator valve size and the stub connection^ use Column K. 

6. For the dry return mam, use Column 27. 

7. For the wet return main use Column T. 

On systems exceeding an equivalent length of 200 ft, it is suggested that 
the total drop be not over 34 The return piping sizes should correspond 
with the drop used on the steam side of the system. Thus, where H 4 -lb 
drop is being used, the steam main and dripped runouts would be sized from 
Column C; radiator runouts and undripped riser runouts from Column L; 
up-feed risers from Column J ; the main riser on a down-feed system from 
Column C (it will be noted that if Column H is used the drop would 
exceed the limit of H 4 lb) ; the dry return from Column R; and the wet 
return from Column Q. 

With a }^-lb drop the sizing would be the same as for H 4 lb except that 
the steam main and dripped runouts would be sized from Column B, the 
main riser on a down-feed system from Column B, the dry return from 
Column 0, and the wet return from Colunm N. 

Example S, Size the one-p 2 pe gravity steam system shown in Fig. 1 assuming that 
this is all there is to the system or that the riser and run shown involve the longest run 
on the system. 

Solution, The total length of run actually shown is 215 ft. If the equivalent length 
of run is talr^tn at double this, it will amount to 430 ft, and with a total drop of H lb 
the drop per 100 ft will be slightly less than H c lb* It would be well in this case to use 
H 4 lb, and this would result in the theoretical sizes mdicated in Table 9 These theo- 
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retical sizes, however, should be modified by not using a w’et return less than 2 in while 
the mam supply, g-h, if from the uptake of a boiler, ^ould be made the full size of the 
main, or 3 in. Also the portion of the mam k-m should be made 2 in if the wet return 
is made 2 in. 

Notes on Gravity One-Pipe Air^Vent Systems 

1. Pitch of mains should be not less than m. in 10 ft. 

2 Pitch of horizontal runouts to nsers and radiators should not be less than m. 
m 10 ft Where this pitch cannot be obtained runouts over 8 ft in length should be one 
size larger than called for in the table. 

3 In general, it is not desirable to have a main less than 2 in The diameter of the 
far end of the supply main should be not less than half its diameter at its largest part 

4. Supply mams, branches to nsers, or nsers, should be dnpped where necessary. 



TWO-PIPE GRAVITY AIR-VENT SYSTEMS 

The method employed in determining pipe sizes for two-pipe gravity 
air-vent systems is similar to that described for one-pipe systems except 
that the steam mains never carry radiator condensation. The drop 
allowable per 100 ft of equivalent run is obtained by taking the equiva- 
lent length to the farthest radiator as double the actual distance, and 
then dividing the allowable or desired total drop by the number of 
hundreds of feet in the equivalent lengA. Thus in a system measuring 
400 ft from the boiler to the farthest radiator, the approximate equivalent 
length of run would be 800 ft. With a total drop of 34 lb the drop per 

100 ft would be ^ or lb; therefore, Column D would be used for all 

steam mains where the condensation and steam flow in the same direc- 
tion. If a total drop of 34 Ib is desired, the drop per 100 ft would be 36 lb 
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and Column B would be used. If the total drop were to be 1 lb, the drop 
per 100 ft would be 3^ lb and Column E would be used. 

For mains and nser runouts that are not dripped, and for radiator 
runouts where in all three cases the condensation and steam flow in 
opposite directions, Column I should be used, while for the steam risers 
Column H should be used unless the drop per 100 ft is }i 4 , lb or lb, 
when Columns B or C should be substituted so as not to exceed the drop 
permitted. 

^ On an overhead down-feed system the main steam riser should be 
sized by reference to Column but the down-feed steam risers sup- 
plying the radiators should be sized by the appropriate Columns B through 
G, since the condensation flows downward with the steam through them. 
The riser runouts, if pitched down toward the riser as they should be, are 
sized the same as the steam mains, and the radiator runouts are made the 
same as in an up-feed system. 

In either up-feed or down-feed systems the returns are sized in the 
Seune manner and on the same pressure drop basis as the steam main ; the 
return mains are taken from Columns 0, R, J7, X, or AA according to the 
drop used for the steam main; and the risers are sized by reading the 
lower paxt of Table 8 under the column used for the mains. The hori- 
zontal runouts from the riser to the radiator are not usually increased on 
the return lines although there is nothing incorrect in this practice. The 
same notes apply that are given for one-pipe gra\T[ty systems. 

TWO-PIPE VAPOR SYSTEMS 

While many manufacturers of patented vapor heating acce^ries have 
their own schedules for pipe sizing, an inspection of these sizing tables 
indicates that in general as small a drop as possible is recommend^. The 
reasons for this are: (1) to have the condensation return to the boiler by 
gravity, (2) to obtain a more uniform distribution of steam throughout 
the system, (3) because with large variation in pressure the value of 
graduated valves on radiators is destroyed. 

For small vapor systems where the equivalent length of run does not 
exceed 200 ft, it is recommended that the main and any mnouts to risers 
that may be dripped should be sized from Column P, while riser runouts 
not dripped and radiator runouts should employ Column /. The up-feed 
steam risers should be taken from Column H, On the returns, the risers 
* should be sized from Column U (lower portion) and the mains from 
Column U (upper portion). It should again be noted that the pressure 
drop in the steam side of the system is kept the same as on the return side 
except where the flow in the riser is concerned. 

On a down-feed system the main vertical riser should be sized from 
Column but the down-feed risers can be taken from Colunm D al- 
though it so happens that the values in Columns D and H correspond. 
This will not hold true in larger systems. 

For vapor systems over 200 ft of equivalent length, the drop should not 
exceed H lb to K lb, if possible. Thus, for a 400 ft equivalent run the 
drop per 100 ft should be not over 3^ lb divided by 4, or lb. In this 
case the steam mains would be siz^ from Column B\ the radiator and 
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undripped riser runouts from Column I; the risers from Column B, 
because Column H gives a drop in excess of lb. On a down-feed 
system, Column B would have to be used for both the main riser and the 
smaller risers feeding the radiators in order not to increase the drop over 

lb. The return risers would be sized from the lower portion of Column 
0 and the dry return main from the upper portion of the same column, 
while any wet returns would be sized from Column iV. The same pressure 
drop is applied on both the steam and the return sides of the system. 

Notes on Vapor Systems 

1 Pitch of mains should be not less than in. in 10 ft 

2 Pitch of horizontal runouts to risers and radiators should be not less than in. 
in 10 ft Where this pitch cannot be obtained runouts over 8 ft m length should be one 
size larger than called for in the table. 

3 In general it is not desirable to have a supply mam smaller than 2 in , and when the 
supply main is 3 in. or over at the boiler or pressure reducing valve it should be not less 
than 2H in. at the far end 

4. When necessary, supply main, supply risers, or branches to supply risers should be 
dripped separately into a wet return The dnp for a vapor system may be connected 
into the dry return through a thermostatic dnp trap. 

VACUUM SYSTEMS 

Vacuum systems are usually employed in large installations and have 
total drops varjdng from 34 to lb. Systems where the maximum 
equivalent length does not exceed 200 ft preferably employ the smaller 
pressure drop while systems over 200 ft equivalent length of run more 
frequently go to the higher drop, owing to the relatively greater saving in 
pipe sizes. For example,* a system witi. 1200 ft longest equivalent length 
of run would employ a drop per 100 ft of lb divided by 12, or >^4 lb. 
In this case the steam main would be sized from Column C, and the risers 
also from Column C (Column H could be used as far as critical velocity is 
concerned but the drop would exceed the limit of J ^4 lb). Riser runouts, 
if dripped, would use Column C but if undripped would use Column J; 
radiator runouts, Column /; return risers, lower part of Column 5; 
return runouts to radiators, one pipe size larger than the radiator trap 
connections. 

Notes on Vacuum Systems 

1. It is not generally considered good practice to exceed J^-lb drop per 100 ft of 
equivalent run nor to exceed 1 lb total pressure drop in any system. 

2. Pitch of mains should be not less than M in. in 10 ft. 

3. Pitch of horizontal runouts to risers and radiators should be not less than in. 
in 10 ft. Where this pitch cannot be obtained runouts over 8 ft m length should be one 
size larger than called for in the table. 

4. In general it is not considered desirable to have a supply main smaller than 2 in. 
When the supply main is 3 in or over, at the boiler or pressure reducing valve, it should 
be not less th^ 234 in at the far end. 

6. When necessary, the supply main, supply riser, or branch to a supply riser should 
be dripped separately through a trap into tiie vacuum return. A connection should not 
be ma(& between the steam and return sides of a vacuum system without interposing a 
trap to prevent the steam from entering the return line. 

6. Lifts should be avoided if possible, but when they cannot be eliminated they 
should be made in the manner described in Chapter 31 under Up-Feed Vacuum Systems. 
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ATMOSPHERIC SYSTEMS 

The sizing of the supply and return piping on atmospheric systems is 
practically identical with the sizing used for vacuum systems and the 
same notes apply, except that no hft can be made in the return line. 

SUB-ATMOSPHERIC SYSTEMS 

Any properly pitched, correctly sized vacuum system without a lift 
may be used as a sub-atmospheric system when the proper equipment is 
substituted for the ordinary vacuum pump, traps, and controls. On new 
systems manufacturers usually recommend a drop on the steam line of 
between and ^ lb for the total run, and suggest adding 25 ft to the 
total equivalent length of run to insure that the steam gets through to the 
last radiator. 

The same notes apply to these systems as for vacuum systems, except 
that no lifts can be made in the returns. 

ORinCE SYSTEMS 

The orifice systems can be operated with any piping system suitable 
for vacuum operation, according to experienced designers. "Because these 
systems vary considerably in detail, it is advisable to consult the manu- 
facturer of the particular system contemplated for recommendations. 

The same notes apply to these systems as to vacuum systems, except 
that lifts cannot be made in the returns of orifice systems if a vacuum 
pump is used. 

HIGH PRESSURE STEAM 

When steam heating systems are supplied with steam from a high 
pressure plant, one or more pressure-reducing valves are used to bring the 
pressure down to that required by the heating system. It has been con- 
sidered good practice to make the pressure reductions in steps not to 
exceed 50 lb in each case. For example, in reducing from 100-lb gage to 
2-lb gage, two pressure reducing valves would be used, the first r^udng 
the pressure from 100-lb gage to 50 lb and the second reducing the pressure 
from 50-lb gage to 2-lb gage. Valves are available that will reduce 100 lb 
in one step, and it is questionable whether two valves are now required 
for initial pressures of 150 lb or less. 

The pressure-reducing valve, or pressure-regulator as it is sometimes 
termed, has ratings wluch vary 200 to 400 cent. Some of these 
ratings are based on arbitrary steam velocities through the valve of 
6,000 to 10,000 fpm and it is assumed that the valve when wide open has 
the same area as the pipe on the inlet opening of the valve. At times it is 
considered desirable to keep the steam velocity in the high pressure 
section of the piping and the low pressure section constant. The velocity 
through the valve port is obviously a function of the pressure drop across 
Ae valve. It is well known that steam flowing through an orifice increases 
its velocity until the pressure on the outlet side is reduced to 58 per cent 
of the absolute pressure on the inlet side, and that with further reduction 
of pressure on the outlet side little change in velocity will be obtained. 
As practically all pressure-reducing valves used for steam heating work 
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lower the steam pressure to less than 58 per cent of the inlet pressures, 
only the maximum velocity through sudi valves need be considered. 
If it is assumed that the valve, when fully open, has an area equal to 
that of the inlet pipe size, that the steam is flowing intb a pressure less 
than 58 per cent of the initial pressure, that the onfice efficiency is approx- 
imately 70 per cent, and that 20 per cent more is allowed for a factor of 
safety, then the pressure reducing valves will have the working capacities 
shown in Table 10. If the valve, when fully open, does not give an orifice 
area equal to that of the pipe on the inlet side, then the capacities will be 
proportional to the percentage of opening secured, taking the pipe area 
as 100 per cent. More frequently, difficulty is encountered from the use 
of pressure reducing valves which are too large in size instead of being 


Table 10. CAPAaTiES or Pressure-Reducing Valves 


(lOO-LB Gage Down to any PRESSuaE^2 lb or Less) 


Inlbt NoBONAIi 

PiPB Dumbtxb 
(Inchbs) 

Pounds Stbaic 

VX & Hour 

AT 100-Lb Gaqi 

Equitalbnt Dmxcr 
Radiation Sq Ft 

A 3 H la 

Equitalint Dibict 
Radution Sq Ft 

AT H 

H 

866 

3,464 

2,598 

H 

1,576 

6.304 

4,728 

1 

2,459 

9,836 

7,377 


4,263 

17,052 

12,689 


5,808 

23,232 

17,424 

2 

9,564 

38,256 

28,692 

214 

13,623 

54,492 

40,869 

3 

21,041 

84,104 

63,123 

3H 

28,213 

112,852 

84,039 

4 

36,285 

145,140 

108,855 

5 

56,971 

227,884 

170,913 

6 

82,336 

329,344 

247,008 


Formula,* 

A X V X 3600 X 50 ^ ^ ^ ^ 

144 ^ 3 33 " pounds per hour passed by onfice 

where 

A "" area of inlet pipe, square inches 

V velocity of steam through onfice (approxixnately 870 fps) 

50 — 70 per cent eflSaency of onfice less 20 per cent for factor of safety 
144 — square inches in 1 sq ft 
3600 — seconds m one hour. 

3 88 — cubic feet per pound at 100-lb gage 


too small. Where valves are large in size, the valve tends to work close 
to the seat, causing it to cut out in a relatively short time, as well as 
being noisy in operation. 

Most exact regulation of pressure on steam heating systems is secured 
from diaphragm-operated valves controlled by a pilot line from the low 
pressure pipe, taken off the low pressure main at least 15 ft from the 
reducing valve. The reducing valves operating on the proportional- 
reduction principle will give a variation of steam pressure on the low 
pressure side if the initid pressure varies between considerable limits. 
The so-called dead-end valve is used for reduced pressures where the line 
has not sufficient condensing capacity at all times to condense the leakage 
that might occur with the ordinary valve. Single-dfisc valves do not give 
as close regulation as double-disc valves, but the single disc is preferable 
where dead-end valves are necessary, such as on short runs to thermo- 
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static^ly controlled hot water heaters, central fan heating units and 
unit heaters. 

The correct installation (Fig. 2) of a pressure-reducing valve includes 
a pre^ure-reduang valve with a gate valve on each side, a by-pass con- 
trolled by a globe valve, a pressure gage on the low pressure side, and a 
safety 's^ve on the low pressure main at some point, usually within a 
reasonable chstance of the pressure-reducing valve. Pressure-reducing 
valves should have expanded outlets for sizes greater than 2 in. Where 
the steam main is of still larger diameter than the expanded outlet, and in 
cases where straight valv^es are used, an increaser is placed close against 
the outlet of the valve to reduce the velocity immediately after passing 
through the valve. Strainers are recommended on the inlets of all 
pressure-reducing valves. A pressure gage may be located on the high- 
pressure line near the valve if desired. 

Ownng to the large variation in steam demand on the av’erage heating 
system, it is generally advisable to use two pressure-reducing valves con- 

Less trouble from expansion leaks will occur when the bypass 
valve IS on the same center line as the pressure reduang valve 




Fig 2. Typical PREssuKE-REDuaNG Valve Installation 

nected in parallel. One valve should be large enough for the maximum 
load and the other should have a diameter approximately half that of the 
first. The smaller valve can be used most of the time, for it will give 
much better regulation than the larger one on light or normal loads. 

Control Valves 

Gate valves are recommended in all cases where service demands that 
the valve be either entirely open or entirely closed, but tiiey should never 
be used for throttling. Angle globe valves and straight globe valves 
should be used for Arottling, as done on by-passes around pressure 
reducing valves or on by-passes around traps. 

EXPANSION IN STEAM AND RETURN LINES 

Because all steam and return lines expand and contract wdth changes 
in temperature, provision should be made for such movement. The 
expansion in steam supply pipes is normally taken at to in. per 
100 ft and in return lines at one-half or two-thirds of this amount*. It 
may be calculated accurately if the temperature rise and fall can be 
determined -with reasonable certainty (Page 631, Chapter ^). The tem- 
p^ture at the time of erection often has a greater expansion effect on 
piping than the temperature in the building after it has been put into 
service. 


^Valve 


Bypass (same size as high 
pressure supply line) 

Pressure gage, 
if desired 


High pressure steam 
Drip' 


Globe valve 



Pressure reducing valve ^ Pilot line 
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Expansion may be taken care of by any, or all, of three different 
methods, namely, (1) the spring in the pipe including offsets and expan- 
sion bends, (2) the turning of the pipe on its threads and swing joints, and 
(3) the use of expansion joints. 

By the first scheme, which is the most popular method where space 
permits, the pipe is offset, or broken, around rooms or comers, and is hung 
so that the spring in the pipe at right angles to the expansion movement 
is sufficient to absorb the expansion. If conditions do not lend themselves 
to this treatment, regular expansion bends of the U or offset type may be 
used. In tight places such as pipe tunnels the expansion joint is pre- 
ferable. See additional material on pipe expansion bends in Chapter 34. 

On riser runouts and radiator runouts the swing joint is used almost 
without exception. On high vertical risers the pipes may be reversed 
every five to ten stories; that is, the supply is carried over to the adjacent 
return riser location and the return riser is mn over to the former supply 
nser location, thus making horizontal offsets in each line. Corrugated 
copper expansion joints also are used on risers but must be made acces- 
sible in case future replacement becomes necessary. 

PIPING CONNECTIONS AND DETAILS 

Piping connections may be classified into two groups: first, those 
suitable for any system of steam heating; second, those devised for certain 
systems which cannot be satisfactorily applied to any other type. There 
are also various details that apply to piping on the steam side which 
cannot be used on the returns. An installation that is designed aind sized 
correctly amd installed with care may be rendered defective by the use of 
improper connections, such as runouts that do not allow for expansion, 
thermostatic traps unprotected from scale, pressure-reducing valves 
without strainers, and lack of drips at requir^ points. 

BOILER CONNECTIONS 

Supply 

Boiler headers and connections have the largest sizes of pipe used in a 
system. Cast-iron, horizontal-t 5 q)e, low pressure heating boilers usually 
have several tapped outlets in the top, the manufacturers recommending 
their use in order to reduce the velocity of the steam in the vertical up- 
takes from the boiler and to permit entrained water to return to the 
boiler instead of being carried over into the steam main where it must be 
cared for by dripping. Steel heating boilers usually are equipped with 
only one steam outlet but many engineers believe that better results are 
obtained by specifying that such boilers have two. The second outlet, 
usually located 3 or 4 ft back of the regular one, reduces the velocity 
50 per cent in the steam uptake. 

Fig. 3 shows a type of boiler connection that was used for many years 
and one with which some boilers are now piped. The uptakes are carried 
as high as possible, turned horizontally and run out to the side of the 
boiler and then are connected together into the main boiler runout which 
drops into the top of the boiler header through a boiler stop valve. No 
drips are provided on this type of runout except a very small one which 
is sometimes installed on the boiler side of the stop valve. Fig. 4 shows a 
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type of boiler connection which is regarded as superior to that shown in 
Fig. 3 and which is the type illustrated in the system diagrams in Chapter 
31. This type is similar to that shown in Fig. 3 except that the horizontal 
branches from the uptakes are connected into the main boiler runout, and 
the steam is <^rried toward the rear of the boiler. The branch to the 
builc^ng or boiler header is taken off behind the last horizontal boiler con- 
nection. At the rear end of this main runout, a large size drip, or balance 
pipe, is dropp^ down into the boiler return, or into the top of the Hart- 
ford Loop, which is described in a following paragraph. As a result, any 
water carried over from the boiler follows the direction of steam flow 



toward the rear and is discharged into the rear drip, or balance pipe, 
without being Ccuried over into 5ie system. 

Return 

Cast-iron boilers are generally provided with return tappings on both 
sides, but sted boilers often are equipped with only one return tapping. 
A boiler witii side return tappings will usually have a more effective dr- 
culation if both tappings are used. Check valves generally should not be 
used on the return connection to steam heating boilers from one and two 
pipe gravity systems because they are not always dependable inasmuch 
as a small piece of scale or dirt lodged on the seat will hold the tongue open 
and make the check useless. These valves also offer a certain amount of 
resistance to the returns coming back to the boiler, and in gravity systems 
will raise the water line in the far end of the wet return several inched. 
However, if check valves are omitted and the steam pressure is raised 
with the boiler steam valve closed, the water in the boiler will be blown 
out into the return system with the accompanying danger of boiler 
damage. These objections are largely overcome with the Hartford 
return connection. 


*See method of calculating height above water hne for gravity one-pipe systems in Chapter 31. 
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Hartford Return Connection 

In order to prevent the boiler from losing its water under any circum- 
stances, the use of the Hartford Connection, or the Underwriters Loop, 
is recommended. 

Fig. 5 shows this connection for a two-boiler installation. For a single 
boiler installation the connection is made as is indicated for one boiler. 
The essential features of construction of a Hartford Loop connection are: 
(1) A direct connection (made without valves) between the steam side of 



Fig. 5. The Hartford Return Connection 


the boiler and the return side of the boiler, and (2) a close nipple con- 
nection about 2 in. below the normal boiler water line from the return 
main to the boiler steam and return balance connection. 

Sizing Boiler Connections 

Little authentic information is available on the sizing of boiler runouts 
and steam headers. Although many engineers prrfer an enlarged steam 
header to serve as additional steam storage space, there ordinarily is no 
sudden demand for stecun in a steam heating system except during the 
heating-up period, at which time a lai^e steam header is a disadvantage 
rather than an advantage. The boiler header may be sized by first com- 
puting the maximum load that must be carried by any portion of the 
header under any conceivable method of operation, and then applying 
the same schedule of pipe sizing to the header as is used on the steam 
mains for the building. The horizontd runouts from the boiler, or boilers, 
may be sized by calculating the heaviest load that will be placed on the 
boiler at any time, and ^zing the runout on the same basis as the building 
mains. The difference in size between the vertical uptakes from the 
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boiler and the horizontal main or runout is compensated for by the use of 
reducing ells (Figs. 3 and 4). 

The following example illustrates the sizing of the boiler connections 
shown in Fig. 6. 

Example Determine the size of boiler steam header and connections ^ig. 6) if 
there are thr^boilers, two to carry 50 per cent of the load each, and the third to be used 
as a spare steam mains are based on J^-Ib drop per 100 sq ft of equivalent direct 
radiation (EDR). 


6.000 sq ft 


2.000 sq ft 


l,000sqft 3,000sqft 



Water line 


18.000 sq ft 


Solutfion* 


^8,000 sq ft 


18.000 sq ft 
^ Retu rn 


Fig. 6 Bon.ER Steam Header and Connections 


Size of Boiler Header 


Max Load 



0 

2000 

4000 

3000 

3000 

6000 

6000 

6000 

8000 

2000 

3000 

3000 

8000 


0 

2000 

2000 

3000 

3000 

6000 

6000 1 

6000 

8000 

4000 

3000 

3000 

8000 


= 2667 sq ft each @ lb per 100 ft = 4 in. pipe. 


8000 sq ft @ }^ lb per 100 ft ■■ 6 in main. (See Table 7.) 

I 

Size of Boiler Runouts 

The three runouts 

Gi, Gt, Gi = = 2667 eq ft each @ H lb per 100 ft = 4 in. pipe. 

Si, St, St = 2667 sq ft each @ M lb per 100 ft = 4 in. pipe* (See Table 7). 

A, A, A = 5333 sq ft each @ lb per 100 ft = 5 in. pipe* (See Table 7) 

Ki, Kt, K% = 8000 sq ft each @ lb per 100 ft =» 6 in. pipe* (See Table 7) 

The uptakes from the boiler probably would be 6 in. pipe with a 6 in. X 4 in. reducing 

ell at top. 


^NoU , — As El, Ks. Kt an carry 8000 sq ft and are 6 in. jape, the whole runout indudizig Ju Jt and 
and Hi. H% and Bt and the leads from the boiler headers to the mam steam header would also be made 
6 m pii)e. 
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Return connections to boilers in gravity systems are made the same 
size as the return main itself. Where the return is split and connected to 
two tappings on the same boiler, both connections are made the full size 
of the return line. Where two or more boilers are in use, the return to 
each may be sized to carry the full amount of return for the maximum load 
which that boiler will be required to carry. Where two boilers are used, 
one of them being a spare, the full size of the return main would be 
carried to each boiler, but if three boilers are installed, with one spare, the 
return line to each boiler would require only half of the capacity of the 
entire system, or, if the boiler capacity were more than one-half the entire 
system load, the return would be sized on the basis of the maximum 
boiler capacity. As the return piping around the boiler is usually small 
and short, it should not be sized to the minimum. 



PLAN 



Fig. 7. One-Pipe Radiator Connections 


With returns pumped from a vacuum or receiver return pump, the size 
of the line may be calculated from the water rate on Hie pump discharge 
when it is operating, and the line sized for a very smetll pressure drop, the 
size being obtained from the Chart for Pressure Drop for Various Rates of 
Flow of Water, Fig. 3, Chapter 35. The relative boiler loads should be 
considered, as in the case of gravity return connections. 

Radiator Connections 

Radiator connections are important on account of the number of 
repetitions which occur in every heating installation. They must be 
properly pitched and they must be arranged to allow not only for move- 
ment in the riser but, in frame buildings, for the shrinkage of Hie building. 
In a three story building this sometimes amounts to 1 in. or more. The 
simplest connection is that for the one-pipe system where only one radia- 
tor connection is necessary. Where the radiator runouts are located on 
the ceiling or under the floor, suflSdent space usually is available to make 
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Fig. 8 Connections to 
Steam-Type Radiator 
FOR Two-Pipe System 



Fig 9. Top and Bottom 
Opposite End R-vdiator 
Connections 


" 3 ^ 







Fig 10 Top and 
Bottom Radiator 
Connections 


a good swing joint with plenty of pitch, but w’here the runouts must come 
above the floor the vertical space is small and the runouts can project out 
into the room only a short distance. Fig. 7 illustrates two satiiactory 
methods of making runouts on a one-pipe gravity air vent system of 
either the up-feed or down-feed tjiie, die runout below the floor being 
indicated in full lines and the runout above the floor in dotted lines. 
Sometimes it is necessary to set a radiator on pedestals, or to use high 
legs, in order to obtain sufficient vertical distance to accommodate above- 
the-floor runouts. Particular attention must be given to the riser expan- 
sion as it will raise the runout and thereby reduce the pitch. 

Similar connections for a two-pipe system of the ^a\'ity air vent type 
are illustrated in Fig. 8 for the old steam type radiator. If the water 
type is used, the supply tapping is at the top instead of at the bottom, the 
runouts otherwise remaining as shown in Fig. 8. A satisfactory type 
of radiator connection for atmospheric, vapor, vacuum, sub-atmo^ 
pheric, and orifice systems of both the up-fe^ and down-feed types is 
shown in Fig. 9. 

While short radiators, not exceeding 8 to 10 sections, may be supplied 
and returned from the same end as indicated in Fig. 10, the top-and- 
bottom-opposite-end method is to be preferred in all cases where it can be 
used. On down-feed systems of the atmospheric, vapor, vacuum, sub- 
atmospheric, and orifice types, the bottom of the supply riser must be 
dripp^ into the return somewhat as illustrated in Fig. 11.^ On up-feed 
systems of the vapor and atmospheric types, where radiators in the 
basement are located below tihe level of the steam main, the drop to the 
radiator is dripped into the wet return and an air line is used to vent the 
return radiator connection into an overhead return line, as illustrated in 
Fig. 12. When the radiator stands on the floor below the main, the drip 



Fig. 11. Top and Bottom 
Opposite End Radiator 
Connections 
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Fig, 12. Connections 
TO Radiator Hxjng 
ON Wall 


Fig. 13. Connecting 
Drop Riser Direct 
TO Radiator 
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on the steam branch down to the radiator may be omitted if an overhead 
valve, as shown in Fig. 13, is used. This method is also suitable for 
vacuum, sub-atmospheric, and orifice systems. 

Convector Connections 

Convectors often are installed without control valves, a damper being 
used to shut off the flow of air to retard the heat transfer from the con- 
vector even though it is still supplied with steam. The piping connec- 
tions for a convector with the inlet and outlet at the same end are shown 
in Fig. 14. There is no valve on the steam side but there is a thermostatic 
trap on the return. The damper for control is shown immediately above 
the convector. This piping is suitable for atmospheric, vapor, vacuum. 



Fig. 14. Convector Con- 
nections Same End 



Fig 15 Horizontal 
Fin-Type Heating 
Unit 



Fig. 16 Heating Unit 
Valves Behind Grille 



Fig 17. Heating Unit 
WITH Valves in 
Basement 


Fig 18 Fin-Type Heat- 
ing Unit in Cabinet 


Fig. 19 Piping Connec- 
tions TO Indirect 
Radiators 


sub-atmospheric, and orifice systems of the up-feed type. A similar unit 
with connections on opposite ends and suitable for the same s 3 rstems is 
shown in Fig. 15. This unit has no damper but requires a valve on the 
steam connection for control. When valves must be located so as to be 
accessible from the supply air grille, the arrangement usually takes the 
form indicated in Fig. 16. A convector located in the basement and 
supplying air to a room on the floor above may be piped as pictured in 
Fig. 17 for all systems except gravity one-pipe or two-pipe systems. 
Convectors with deimper control, instdled in cabinets or under window 
sills, usually are connected as shown in Fig. 18. 

Vapor systems with heating units in the basement where the returns 
are dry would be treated as in Fig. 19. Similar heating units where a wet 
return is available would be connected as shown in Fig. 20. If the dry 
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return were on a vacuum, atmospheric, sub-atmospheric or oriSce system, 
the treatment would be identical. 

On all heating units it is important to use a nipple the full size of the 
outlet and to r^uce the pipe size to the normal return size required, by 
the use of a reducing ell, as indicated in Fig. 21. 

Pipe CoQ Connectioxis 

Pipe coils, unless coupled in a correct manner, often give trouble from 
short circuiting and poor circulation. The method of connecting shown 
in Fig. 22 is suitable for atmospheric, vapor, vacuum, sub-atmospheric, 
and orifice systems. 



Fig. 21 . Heating Unit Return Con- 
nection WITH Separate Air Line 


Indirect Air Heater Connections 

Heating units for central fan systems have simple connections on the 
steam side. The steam main is carried into the fan room and has a 
single branch tapped off for each row of heating units. Each of these 
main brzinches is split into as many connections ^ need be made to each 
row, governed by &e number of stacks and Ae width of the stacks. Each 
stack must have at least one steam connection, and wide stacks are more 
evenly heated with two steam connections, one at each end. 
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Fig. 22. Typical Pipe Coil Connections 


The piping shown in Fig. 23 is for small stacks and has the steam con- 
nected at only one end. On the return side all of the returns are collected 
together through check valves and are passed through blast traps which 
are connected to the vacuum return or to an atmospheric return. The air 
from the stacks, in the case illustrated, passes up into a small air line and 
through a thermostatic trap into a line connecting into the return beyond 
the blast trap. 

Where the stacks contain some thirteen or more sections, an auxilia^ 
air tapping is made to the lower portion of one of the middle sections, in 
the manner illustrated in Fig. 24, to prevent air collecting at this point. 
Thermostatic control as applied to such heating units in modern practice 



Fig 23. Supply and Return Con- 
nections FOR Heating Units of 
Central Fan Systems 
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Fig. 24. Typical Connections to 
Central Fan System Heating 
Units Exceeding 12 Sections 
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consists of a thermostatic valve located in each main branch from the 
steam line so that each valve will open or close a complete row of stacks 
across the entire face of the heating unit. The stack closest to the outside 
air intake usually is not equipp^ with a thermostatic valve. A gate 
valve on the steam pipe to the first coil is operated manually to supply 
steam continuously in freezing weather. Good practice demands that the 
returns be connected in parallel with the steam supplies, with a separate 
steam trap for each bank of coils having a separately valved steam supply. 
This arrangement is illustrated in Fig. 23, for blast traps ha\dng external 
thermostatic by-passes and integral thermostatic by-passes, respectively. 



Fig. 25 Unit Heater Connected to One Pipe Air Vent System 


A method of connecting a unit heater to a one pipe air-vent steam 
heating system is illustrated in Fig. 26. 


PIPE SIZING FOR INDIRECT HEATING UNITS 

Pipe connections and mains for indirect heating units are sized in a 
manner similar to radiators, but the equivalent direct radiation must be 
ascertained for each row of heating unit stacks and then must be divided 
into the number of stacks constituting that row and into the number of 
connections to each stack. 


where 


Q X 60 X ft - 0 X to - O 

552 X 240 220 8 


(3) 


EDR = equivalent direct radiation, square feet. 

Q = volume of air, cubic feet per minute. 

/le = the temperature of the air entering the row of heating units under con- 
sideration, d^ees Fahrenheit. 

t\ = the temperature of the air leaving the row of heating units under considera- 
tion, d^ees Fahrenheit, 

60 = the number of minutes in one hour. 

55.2 = the number of cubic feet of air heated 1 F by 1 Btu. 

240 = the number of Btu in 1 sq ft of EDR 
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Sample 5, Assume that the heating units shown in Fig. 26 are handling 50,000 cfm 
of air and that the nse in the first row is from 0 to 40 F, in the second row from 40 to 
65 F, and in the third row from 65 to 80 F. ^A^t is the load m EDR on each supply 
and return connection? 



SoluUon, For row 1, 


R = 51 = 9068 sq ft, 


For row 2, 


For row 3, 


220 8 

50,000 X (65 - 40) 
220 8 


5661 sq ft. 


R = = 3397 sq ft. 

2^0 o 


Each row of heating units consists of four stacks and each stack has two connections 
so that the load on ea& stack and each connection of the stack is as follows; 


Row 

Total Loas 
(EDR) 

Stack Loads 
(EDR) 

CoNmcnoN LoAob 
(EDR) 

1 

9058 

2265 

2265 or 1132 

2 

5661 

1415 

1415 or 708 

3 

3397 

849 

849 or 425 


«One quarter of total row load 

bOne half of stack load if two steam connections are made; otherwise, same as stack load 
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The pipe sizes would then be based on the length of the run and the pressure drop 
d^ired, as in the case of radiators. It generally is considered desirable to place the in* 
direct heating units on a separate system and not on supply or return Imes connected to 
the general heating system 


DRIPPING 

Any steam main in any type of steam heating system may be dropped 
to a lower level without dripping if the pitch is downward with the steam 
flow. Any steam main in any heating system can be elevated if dripped 
(Fig. 27). Ste^ mains also may be run over obstructions without a 
change in level if a small pipe is carried bdow the obstruction to care for 



Fig. 27. Dripping Main 
Where It Rises to 
Higher Level 




Fig 28. Looping Main 
Around Beam 



An^B 

Constint 

Hi® 

5126 


2613 

3(P 

2000 


14M 

6(P 

1155 


TofMlei^CmiiflipiyA 
tv constant for angles 



Fig. 29 Looping Dry 
Return Main Around 
Opening 


Det 

poctet 


Fig. 30. Methods of Fig. 31. Constants for Fig. 32. Dirt Pocket 
Taking Branch from Determining Length Connection 

Main Offset Pipe 


the condensation (Fig. 28). Return mains may be carried past doorways 
or other obstructions by using the scheme illustrated in Fig. 29; in vacuum 
systems it is wdl to have a gate valve in the air line. 

Branches from steam mains in one-pipe gravity steam systems should 
use the preferred connection shown in Fig. 30, but where radiator condensa- 
tion does not flow back into the main the acceptable method shown in the 
same figure may be used. This acceptable method has the advantage of 
giving a perfect swing joint when connected to the vertical riser or radia- 
tor connection, whereas the preferred connection does not give this swing 
without distorting Ae angle of the pipe. Runouts from the steam main 
are usually made about 5 ft long to provide flexibility for movement in 
the main. 

Offsets in steam and return piping should preferably be made with 
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90-deg ells but occasionally fittings of other angles are used, and in such 
cases the length of the diagonal offset will be found as shown in Fig. 31. 

Dirt pockets, desirable on all systems employing thermostatic traps, 
should be so located as to protect the traps from scale and muck which 
will interfere with their operation. Dirt pockets are usually made 8 in. 
to 12 in. deep and serv^e as receivers for foreign matter which otherwise 
would be carried into the trap. They are constructed as shown in Fig. 32. 

On vapor systems where the end of the steam main is dripped down 
into the wet return, the air venting at the end of the main is accomplished 
by an air vent passing through a thermostatic trap into the dry return 
line as shown in Fig. 33 . On vacuum systems the ends of the steam mains 
are dripped and vented into the return through drip traps opening into 
the return line. The same method may be used in atmospheric systems. 
A float type trap is preferable to a thermostatic trap for dripping steam 
mains and lai^e risers. If thermostatic traps are used a cooling leg 



Fig. 33 Dripping End 
OF Main into Wet 
Return 





'^Dcyrataim 



Fig 34 Dripping End Fig 35 Dripping Heei 
OF Main into Dry of Riser into Dry 

Return Return 


(Fig. 34) should always be provided. The cooling leg is for cooling the 
condensation sufficiently before it reaches the trap so tiiie trap will not be 
held shut by too high a temperature. On down-feed systems of atmos- 
pheric, vapor, and vacuum types, the bottom of the steam risers are 
dripped in the manner shown in Fig. 35 


PROBLEMS IN PRACTICE 

1 • What factors detemune the size of steam piping and the allowable limit 
of capacity? 

Factors which determine the size of steam piping are the desired mitial pressure and the 
allowable drop m pressure which is permissable to maintain a pressure m the farthest 
radiator The len^h of run in sizing piping is important and it is generally considered 
as the distance along the piping from the source of steam supply to the farthest radiator, 
with allowances for resistance of elbows and valves expree^ in terms of equivalent 
length. 

2 • When the size of pipe is still undetermined, what arbitrary percentage is 
usually added to the actual length to obtain the equivalent length? 

Usually 100 per cent; in other words, the actual length is doubled to allow for the added 
drop produced by the valves, tees, elbows, and other fittmgs. 
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3 • What Me the major factors to be considered in determining the flow of 
steam m pipes? 

a. The initial steam pressure available and the total pressure drop allowable bet\\een the 
source of st^m supply and the end of the return s>stem. The pressure drop should 
never exceed one half of the initial pressure. 

h. The maximum steam velocity allowable When condensate is flowing against the 
steam, the velocity must not be so great as to produce water hammer, or hold up 
water in parts of the system until the steam flow' is reduced sufficiently to permit the 
Tvater to pass. The velocity at which disturbances take place depends upon * 

1. Size of pipe 

2. Whether pipe is vertical or horizontal 

3. Pitch or grade of pipe 

4. Quantity of water flowing against steam. 

c. The equivalent length of run from the source of steam supply to the farthest heating 
unit, with allowance for friction in pipe fittings and valves 

4 # Name three fundamental considerations in designing the piping system 
for steam heating. 

a. Provision for the distribution of suitable quantities of steam to the various heating 
units. 

i. Provision for the return of condensate from the radiators and piping to the boiler, 
c. Provision of means for expelling air from the radiators and piping. 

5 # Why is the proper reaming of the ends of pipe necessary? 

The capacities of pipes depend upon the free area a\'ailable for flow. In cutting the pipe 
this area may be restricted by a burr, which may decrease the capacity of a pipe more 
than 25 per cent in the smaller pipe sizes 

6 0 a. What are the major factors to be considered when selecting a pressure 

reducing valve? 

b. How should such valve be installed? 

a. The initial pressure of the steam must be considered along with tne desired reduced 
pressure. The connected load to be supphed must be known in ^uare feet of equi\'a- 
lent direct radiation or in pounds of steam per hour. For operation with a continuous 
load, a semi-balanced or double-seated valve operated by a diaphragm gives good 
results Where the load is intermittent, as in process w'ork or with thermostatically 
controlled blast heaters, a so-called dead end or smgle-seated valve should be used. 

b. The pressure reducing valve should be installed in a horizontal line w'lth a gate valve 
on each side, and wdth a by-pass operated by a val\’e The pressure fencing pipe 
from the diaphragm chamb^ shoifld be connected into the top or side of the low 
pressure mam not less than 15 ft from the reduang valve. 

7 • What is the usual expansion allowance and how it is compensated for in 
heating system supply risers? 

The expansion of low pressure steam piping is normally taken as to per 100 

ft of pipe. With a five story building a double swing ^nnection between the riser and the 
main will suffice. In buildings between 5 and 10 stories high the riser should be anchored 
near its center and have double swing connections to the main. For taller buildings 
expansion loops or riser offsets are uscS which are capable of handling a length of riser 
reaching 5 stories in either direction from the joint. The risers are anchored at each 
alternate 5 stories. All radiators must have double swing connections, and those con- 
nect^ above where the riser is anchored must be given greater pitch to insure their 
having proper grade when the riser is heated. 
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8 • Whj should all boiler steam supply tappings be used full size? 

In order to operate at low steam velocities so the water in suspension can separate from 
the steam and remain in the boiler 

9 • Wbat is the Underwriters Loop or the EEartford Connection? 

An arrangement of piping on the returns to low pressure boilers wherein the return line 
is raised up nearly to lie water line of the boiler and is then dropped back and con- 
nected to the boiler return inlet, the high point is connected by a balance pipe to the 
steam runout from the boiler on the boiler side of all stop valves With this loop no 
check valve is required, and water cannot be backed out of the boiler and into the return 
at a point lower than the invert of the pipe at the top of the loop. 

10 • Wbat are the important factors in making radiator connections? 

Connections to radiators should be made as direct as possible, of proper size, with ample 
pitch of piping and allowance for expansion. 

11 • Wby sbould careful attention be given to proper dripping and drainage 
of steam piping? 

The steam mains and risers must be quickly drained of condensate and where necessary 
vented of air in order to obtam a sufficient supply of steam to the radiators Proper 
drainage is also necessary to insure a noiseless heatmg system. 

12 • Wbat is tbe limit of pressure drop usually reconunended in a vacuum 
system? 

Not over lb (2 oz) per 100 ft of equivalent run, and not over 1 lb total drop. 

13 # Wben steam and condensation are flowing in tbe same direction, wbat is 
tbe maximum total pressure drop wbicb sbould be used? 

The maximum total pressure drop should not exceed one half of the initial steam pressure. 

14 # Wbat does a proper installation of a pressure reducing valve include? 

A strainer in front of the jpressure reducing valve; a gate valve in front of the strainer, a 
gate valve after the reducing valve; a by-pass around the two gate valves, strainer, and 
pressure reducing valve; and a globe valve m the by-pass. Sometimes a safety valve on 
the low pressure side and pressure gages on both sides are installed. The high pressure 
line should be dripped just before me high pressure steam enters the pressure reducing 
valve assembly. 

15 • Will a pressure reducing valve wbicb is reducing tbe steam pressure from 
100 lb gage to 50 lb gage pass more or less steam tban tbe same valve wben 
reducing tbe steam pressure from 100 lb gage to 5 lb gage? 

The valve will pass practically the same volume of steam in each case as the velocity of 
steam flowing through an onfice shows no material increase after the reduced absolute 
pressure has fallen to 58 per cent of the initial absolute pressure Because of its greater 
density, the weight of steam passed wiU be greater in the case of the reduction to 50 lb 
gage. 
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HOT WATER HEATING SYSTEMS AND PIPING 


One- and Two-Pipe Systems^ Mechanical Circulation, Circulators, 
Pipe Sizes, Forced Circulation, Effect of Variations in Pipe Sizes, 
Gravity Circulation, Expansion Tanks, ReUef Valves, Installation Details 

A HOT water heating system is one in which water is the medium by 
which heat is carried through pipes from the boiler to the heating 
units. There are two general types, namely, forced circtdation and gravity 
circulation systems. In the former the pressure head maintaining flow is 
produced mechanically, whereas in the latter the pressure head is pro- 
duced by the differences in weight of the water in the flow and in the 
return risers. 

Both forced drculation and gra\dty circulation systems may be further 
divided into high or low temperature classifications. The use of high 
temperature water in conjunction with forced circulation permits a 
material reduction in the size of piping and radiation, thereby lowering 
installation cost. The less bulky radiation of this t^’pe of system also 
lends itself to the current practice of concealing or recessing the heating 
units. 

Low temperature water is considered as that which affords a heat 
emission per square foot of radiation of from 150 to 160 Btu, while high 
temperature water will deliver from 200 to 240 Btu. 

The fundamental rule in the design of a hot water system is that the 
total friction head in any circuit will equal the pressure head causing the 
water to flow in the circuit. This means that it is necessary to size the 
pipe in any circuit so that the friction loss produced by the movement of 
a sufficient volume of water to handle the heating load will not be greater 
than the available pressure head. 

In designing a hot water heating system, it is necessary to determine: 

1. The heat losses of the rooms or spaces to be heated. (See Chapter 7.) 

2. The size and type of boiler. (See Chapter 25 ) 

3. The location, type, and size of heating units. (See Chapter 30 ) 

4. The method of piping. 

5. The t 3 i>e and size of circulating pump (if forced circulation). 

6 Suitable pipe sizes. 

7. The type and size of expansion tank. 

The unit, a square foot of equivalent direct radiation, EDR, has been used 
for many years for rating purposes in both steam and hot water systems, but 
its use, especiatty in hot water systems, has always resulted %n complications 
and confusion. It is the plan of Tre Guide to eventually eliminate this 
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empirical expression and to substitute a logical unit based on the Btu, The 
Mb, the equivalent of 1000 Btu, and the Mbh, the equivalent of 1000 Btu 
per hour, which have been approved by the A.S.H.V.E., are used in this 
chapter on hot water systems to replace the square foot of radiation formerly 
used, 

ONE- AND TWO-PIPE SYSTEMS 

Pipe systems may be divided into two general types, namely, two~pipe 
and one-pipe systems. In a two-pipe system the piping is airanged so that 
the water flows through only one radiator during a circuit through the 
system, so that all radiators are supplied with water at practically the 
same temperature as that in the boiler. In a one-pipe system, the water 
flows through more than one radiator during its circuit. In that case, the 
first radiator receives the hottest water; the second radiator, somewhat 
cooler water; the third one, still cooler; and so on.^ As the temperature of 
the water supplied to a ra^ator is lowered, the size of the radiator must 
be increased and, consequently, the total heating surface for a one-pipe 
system must be greater than that for a two-pipe system for the same 
service. 

The use of forced circulation in one-pipe systems, however, practically 
eliminates this objection. As the velocity is increased in a one-pipe 



Fig. 1. A Direct Return System Fig. 2 A Reversed Return System 


system, the drop in temperature is decreased, so that water at a higher 
average temperature is delivered to the radiators. This means that the 
radiators at the end of the main can be sized on the same basis as the 
radiators at the beginning of the main. If the system is correctly designed, 
the resulting error is less than the variation in calculating the heating load 
for the enclosure. 

By making use of improved devices now avadlable, forced circulation 
one-pipe systems may be calculated by the same procedure described 
later in the chapter for two-pipe systems. Operation as satisfactory as 
with a two-pipe system may be obtained. 

Two-pipe systems may be divided into two classes, direct return sys- 
tems (Fig. 1), and reversed return systems (Fig. 2). In a direct return 
system the water returns to the heater by a direct route after it has 
passed through its radiator and, as a result, the paths through the three 
radiators shown in Fig. 1 are of unequal lengths, the path through the 
first radiator being the shortest and that through the third radiator, the 
longest. In a reversed return system, the water returns to the heater by 
an indirect route after it has passed through the radiators, so that the 
paths leading through the three radiators shown in Fig. 2 are practi- 
cally of equal length. 


602 





Chapter 33 — ^Hot Water Heating Systems and Piping 


The reversed return system has an advantage o\er the direct return 
system in that it is more likely to function satisfactorily even though the 
pipe system^ is not accurately designed. For example, if in Fig. 2 all pipes 
are of one size, each of the three radiators will receive approximately the 
same quantity of hot water because the three paths are practically of 
equal length, whereas in Fig. 1, if all pipes are of the same size, Radiator 
1 will receive more water than the others because the path through it is 
shorter than those through the other radiators. As a result, Radiator 1 
will be filled with water at a higher average temperature than the re- 
maining two radiators, and will therefore dissipate more heat. To pre- 
vent this unequal distribution of heat it is necessar\" to throttle the paths 
through Radiators 1 and 2 so that the friction heads of the three paths are 
equal when each radiator receives its proper quantity of water. 

The two-pipe direct return system, ^vdth its inherent lack of balance, 
is the least satisfacto^ type of piping possible, yet is the most wddely used. 
The modern applications of automatic heating require a system to be ver\^ 
nearly in balance so that uniform distribution of heat will be obtained. 

Two-pipe systems must be balanced first by calculation and then by 
test after the plant is in operation. Unbalanced conditions in a forced 
circulation system are more detrimental to satisfactory’ operation than in 
the system circulated by gravity. The selection of orifices for correcting 
the unbalance inust be more accurate. Due to the variations in water 
delivery from pipes, the accurac}’^ of calculations is decreased, so that 
more reliance must be placed on actual test work. This is always costly 
and seldom completely satisfactory. 

It would seem, then, that the reversed return two-pipe system, in which 
design errors are minimized, should be the logical choice. 

A comparison of Fig. 1 and Fig. 2 may suggest that a reversed return 
system requires considerably longer mains than a direct return system. 
This is not always the case. For example, note the reversed return 
system of Fig. 3. 

MECHAMICAL CIRCULATION AND CmCULATORS 

The designer of a forced circulation system generally makes use of 
pumps available on the market unless he is able to buy to his specifications. 
Special equipment raises the initial cost of a system, so it is usual practice 
to incorporate stock pumps into the design wherever possible. Punaps 
of this t^e will have characteristics which govern, to a degree, the velocity 
selected for the heating system, yet a group of stock pumps has sufficient 
range of capacities to permit maintenance of an economical velocity. 
For example, suppose a system is to be designed to handle a 96 Mbh load, 
with a 20 F drop allowable in the system. 10 gpm will be required of the 
circulating equipment. Check pump characteristics to see which one will 
deliver 10 gpm against a head sufficiently high to allow a friction drop 
great enough to produce a satisfactory velocity in the piping system. 

It is worthy of note that velocities may be tcw^ high, producing objec- 
tionable noises in tiie system. Higher velocities may be used with 
satisfactory results in industrial applications than in domestic systems. 
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Low head centrifugal pumps especially designed for hot water heating 
systems are used to pro\dde the head necessary for forced circulation, and 
to improve the operation of gravity designed systems. These pumps 
operate with little noise and low power consumption, two features of 
prime importance to the satisfactory operation of a forced circulation 
system. They are installed in the return main close to the boiler, with all 
returns brought into the suction side of the pump. Gate valves should be 
installed on either side so that the pump can be removed without draining 
the system- A by-pass is not necessary as the friction drop through the 
pump is not sufficient to prevent gravity circulation if the pump should 
become inoperative. 

Specially designed propeller type pumps are used also. This type of 



Fig. 3. A Forced Circulation Reversed Return System* 

aNote that the numbers on the radiators indicate thousands of Btu per hour (Mbh) and not square feet 


pump is installed in the return and is available for all the commercial 
pipe sizes used for hot water heating. 

The motor may be controlled manually; however, forced drculatbn 
lends itself admirably to automatic control. In this case, the motor is 
controlled by a thermostat which can be tied in with the controls of the 
automatic firing device. In conjunction with flow control valves this 
permits an accurate control of the hot water in the radiation. 

For exceptionally large installations such as central heating plants, 
drculfiLting pumps of the centrifugal single stage t 5 rpe, having an average 
operating effidenty of 70 per cent against heads up to 126 ft, are some- 
times u^. It is generally advisable to install pumps in duplicate to 
provide for contingendes and to insure continuous operation. In such 
cases each pump should be made equal to the maximum capadty required. 
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PIPE SIZES 

The pressure heads available m forced circulation systems are much 
greater than those in gravity circulation systems, consequently, higher 
velocities may be used in designing the system, with the result that smaller 
pipes may be selected and the first cost of the installation reduced. As 
the pipes of a heating system are reduced in size, the necessary increase in 
the velocity of the water increases both the cost of operation and the 
initial cost of the circulating equipment. The increased velocity of a 
forced circulation system offers a number of advant^^es, such as a much 
shorter heating-up period and a more flexible control of hot "water circu- 
lation. This improved performance merits the small increase in operating 
cost necessary to mechanically circulate the system. The velocity 
required should be determined by calculation for the particular system 
under consideration. 

Since the velocities in forced circulation systems are higher than those 
in gravity circulation systems, and since the friction heads in a heating 
system vary almost as the squares of the vdocities, a given error in the 
(^culation or assumption of a velocity is less important in a forced circu- 
lation system than in a gravity circulation system and, consequently, it 
is easier to design a satisfactory forced circulation S3rstem than a satis- 
factory gravity circulation S 3 ^tem. 

FORCED CIRCULATION 

The following examples will illustrate the procedure to be followed in 
designing forced circulation systems: 

Example 1, Assume that the longest path through 7 radiators shown in Fig. 3 consist 
of 200 ft of mains, 25 ft of radiator connections, 1 boiler, 1 radiator, 1 radiator valve, 1 stop 
cock, 12 ells, and 2 tees. Also assume that the short branch main contains the same 
number of fittings and that the main is 150 ft long with 7 ft of radiator connections. 
Detign the piping for this system 

Solution. The friction heads of boiler, radiator valve and tee may be eicpressed in 
terms of the friction head in 1 elbow according to the \'alues given in Table 1. Ha\dng 
done this, the longest circuit consists of 225 ft of pipe and 34 elbow equi\^lents. The 
friction head of 1 elbow is approximately equivalent to that in a pipe having a length 
equal to 25 diameters. Assume that the average pipe size in this case will be 1 in. 
Referring to Table 2, 1 elbow equivalent of 1 in pipe is equal to 2 3 ft and the total 
eqmvalent length of the longest circuit is 299 ft of straight pipe. Similarly the equivalent 
length of the short branch is 231 ft. 

Having determined the equivalent pipe length, the next step is to assume the rate at 
which the water is to be circulated through the complete s>^em. The water may flow 
through the radiator so that it will cool 10 or 20 F or any other reasonable number of 
d^^rees, but in this case, assume a temperature drop of 20 F through the radiation. 
One gallon of water per minute wnth a density of 7 99 lb per gal at 215 F will deliver 
approximately 9600 Btu per hour, with a 20 F temperature drop 

The total radiation load is 85,000 Btu per hour (85 Mbh) and therefore the pump 
must circulate 4250 lb of water per hour or 8X5 gpm for a temperature drop of 20 F. 

Knowing that the rate of flow is 8 85 gpm, the next step is to determine from the 
pump characteristics which pump will produce a satisfactory velocity. Presume that 
four sizes of pumps are available delivering 8 85 gpm of water at the follow’-ing heads* 
18 in., 6 ft, 14 ft, and 25 ft. At these heads^ the pumps would produce velocities sufficient 
to make available the following respective friction losses pef {oat: 60, 240, 562 and 1000 
milinches. A comparison with Fig. 4 wrill show that little advantage is gained from the 
use of a 60 milinch friction loss, and that the use of a 1000 milinch fnction loss wnll 
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Heat conveyed per Hour in looa 
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Fig. 4. Friction Heads in Pipes for a 20 F Temperature Difference 
OF THE Water in the Flow and Return Lines 
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Table 1 Elbow EQUivALENTsa 


1 90-deg elbow. 1 0 

1 45-d^ elbow. 0.7 

1 90-deg long turn elbow 0.5 

1 open return bend.» 1 0 

1 open gate valve 0.5 

1 open globe valve 12.0 

1 angle radiator valve 2.0 

1 radiator... 3.0 

1 heater. 3 0 

1 tee - fNoteJ>) 


aThe loss of head in one elbow can be expressed in terms of the velooty head by the formula 


A — the loss of head m feet, v » the veloaty of approacn m feet per second, 
and 2g => 61 4 ft per second per second 

bThe loss of head in tees when water is diverted at nght angles through a branch of the tee vanes with 
the per cent diverted When the water diverted is less than 60 per cent of that approacning the tee, the 
loss of head, in elbow eqmvalents may be expressed as follows 

h. - -L_ ( 2 ) 


a the loss of bead in elbow eqmvalents, n - the veloaty of approach. 

» a the veloaty of vmter diverted at nght angles. 

Values in elbow eqmvalents for the most common percentages of water diverted m a Ixlxl-m tee are 
as follows. 

26% 16 0 

33% 90 

60% 4 0 


For other percentages the approximate values may be secured by mterpolation When the water u 
diverted from the tee into a smaller size branch, as m a lalx^^-m tee, approximate values may be secured 
by means of Formula 2 

obviously cost more for equipment and operation than the reduction in pipe size. The 
choice is therefore between 240 and 562 milinches If 562 milmches is selected, the 
circulation speed will ^ 50 per cent greater than for 240 mihnches, but the power con- 
sumption will be increased The faster arculation will be of no practical importance in 
an average heating system as there could only be a difference of a few minutes in forcing 
water through a complete circuit of the system Therefore, use 240 milmches per foot 
with a static head of 6 ft on the pump. This wdll produce a satisfactory velocity with the 
most economical installation 

The pipe size may now be selected from Fig. 4 makmg allowance for the fact that the 
2 circuits are of unequal lengths Size the longest pi^ arcuit first. Section AB ■which 
IS that portion of pipe connecting the boiler to the distributing mam, must have a ca- 
pacity of 85,000 Btu per hour f85 Mbh) and refemng to Fig. 4, it will be noted that a 
Hi in. pipe is slightly too large to carry the total load Therefore a. Hi In pipe inay be 
satisfactorily selected for Sections AB and JRJ. The load branches at B with 28 Mbh in 
branch BC and 57 in BJ It w ill be noted that 28 Mbh is slightly over the edacity of a 
% in. pipe, therefore use a m pipe m BC and a 1 in in Section HR Section CD 
should have a capacity for 23 Mbh, therefore use a in. pipe in CD and GH A capacity 
of 20 Mbh is not sufficiently under the capacity of a m pipe to warrant the use of a 
14 in. pipe, so use in in Sections DE and FG. The radiator branchy 
cordingly, "with \4 in. up to 11,000 Btu (11 Mbh) and ^ in. up to 25,000 Btu (25 Mbh) 

Due to the difference in the equivalent lengths of each circuit, a static head of 6 ft 
on the pump would produce a greater veloaty in the shorter branch than in the longer 
branch and consequently a higher faction loss per foot. This variation is usually a 
negligible factor in most installations and can be overlooked. Should the vamtion in 
friction head be suffiaent to allow the use of smaller pipes, this factor should be taken 
into consideration. For purposes of illustration in this example, assume that Section A3 
is 4 ft, and then 4 X 240 =960 milinches 71,800 — 960 = 70,840 milmches. 70,840 
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divided by 231 (total equivalent length of short branch) = 306 mihnches per foot which 
IS 66 mihnches per foot more than is available m the longer circuit Therefore approxi- 
mately 12 per cent more capacity is available in the pipes which will change the pipe size 
only a slight amount If it is necessary to correct this variation, a stop cock may be 
placed in the return line of the short branch and adjusted alter installation 

However, if the variation be of sufficient magnitude, the pipes in the shorter branch 
should be sized accordingly In this case the pipe size should be selected according to a 
frictional loss of 240 mihnches per foot Due to the fact that Section BJ requires a 
capacity of 57 Mbh, which is slightly over 1 m , use a 1 in. pipe in BJ and QR. Section 

Table 2 Capacities of Pipes in Mbh (1000 Btu per Hour) and Velocities of 
Water in Pipes in Inches per Second for Forced Circulation Systems 
WITH A Total Friction Head of 2 ft and for a Maximum 
Temperature Drop of 10 Fa 


1 

2 

1 ^ 

4 

1 5 

1 6 

1 

7 

! ® 

5 



Equivalent Total Length of Pipe in in LoNOBai Cmcurr 

Pm 

Equivalent 

Length 

100 

150 

1 200 

1 250 

300 

350 

400 

(Ikchxs) 

or Fife 

(PEBlb) 


Unit Fbichon Head, m 

MHiINOHES 





240 

160 

120 

96 

80 

69 

60 


1 



mU 

54 

2.9 

2 6 

S.4 




Bl 

9 

8 

7.5 

7 

54 

2 

13,2 

10.3 

8.6 

7.3 

6 2 


5.5 


18 

14 

12 

11 

10 


8.5 

1 

2 3 

25.0 

19 2 

18 3 


12.5 

12.0 

11.1 



22 

17 

15 

13 

12 

11 

10.5 

154 

3 0 

52 8 

40.8 

34 8 

31.2 

27.8 

26.4 



27 

21 

18 

16 

15 

14 



3 5 

79 2 

60 7 

51.2 

45.6 

40.8 

40.0 

36.0 


30 

23 


18 

16 

15 

14 

2 


m.8 

120 0 

104 0 

93.5 

86.4 

81.5 

73.8 



36 

28 

24 

22 

20 

18 

17 

23^ 

6.0 

250 0 

192 0 

m s 

149.0 

139.2 

135.8 

122.5 


41 

32 

28 

25 

22 

21 

19 

3 

6 5 

m-o 

348.0 

294.0 

S70.0 

254.0 

240.0 

223.0 



48 

37 

32 

29 

26 

24 

22 


•For other temperature drops the capaaties of pipes are to be changed correspondingly. For example, 
for a temperature drop of 30 F, the capaaties shown in this table are to be multiphed by 3 The veloaties 
remain unchanged 

bApprozimate length of pipe in feet equivalent to one elbow in friction head This value vanes with the 
veloaty 

JK has a load of 47 Mbh which is approximately 1 in. Therefore use 1 in. m JK and 
PQ. KL carries 35 Mbh which is approximately halfway between and 1 in Use 
% in in KL and 1 in in OP Section LM requires a capacity of 20 Mbh, therefore use 
% in. in LM and NO Size radiator branches as previously described 

Many times a in. pipe will prove to be too large, but at the present time it seems 
to be general practice to avoid pipes smaller than this size, especially for hot water 
installations. 

If a number of heating systems are to be designed for similar conditions, 
for a total friction head of 6 ft and a temperature drop through the 
radiators of 20 F when the maximum quantity of heat is being delivered 
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to the building, a table such as Table 3 may be prepared from the data of 
Fig. 4.^ Having this table, the pipe sizes for the system of Example 1 can 
be easily selected^ For example, for Sections AB and RI, each supplying 
85 Mbh, the equivalent pipe length of the system is 299 ft. In the table 
the length shown nearest to this length is 300 ft. In the 300-ft column, 
a 1-in. pipe is too small and a 1 J^-in. pipe is too large. The IJ^-in. pipe 
will therefore be selected. For other svstems, it will be economical to 
operate with different friction heads, and tables may be prepared similar 

Table 3. Capacities of Pipes in Jllbh (1000 Btu per Hour; and Velocities of 
Water in Pipes in Inches per Second for Forced Circlxation Systems 
WITH A Total Friction Head of 6 ft and for a Maximum 
Temperature Drop of 10 Fa 



*For other temi>er&ture drops the capaaties of iBpes are to be changed correspondingly. For example, 
for a temperature drop of 30 F, the caiiaaties sho^ in this table axe to be multiplied by 3. The veloaties 
remain unfimngfH 

bApprozimate length of pipe in feet equivalent to one elbow in friction head This value varies with 
he vdoaty 


to Tables 2 and 4, which are based on total friction heads of 2 and 18 ft, 
respectively. 


Example !B, Design a direct return two-pipe forced circulation system for the layout 
shown in Fig. 5 q««iiTning a temperature drop of 10 F through the radiation. For this 
system the length of the pipe line from the boiler to the highest radiator on the farthest 
riser and back to the boiler is about 260 ft. There are about 16 elbow equivalents hav- 
ing an equivalent pipe length of about 60 ft, so the total equivalent pipe length is about 
300 ft. 

Solution, The same pipe size tables may be used as th^ developed for the reversed 
return system of Fig. 3, Table 3 v^ch provides for a fnction head of 6 ft. 
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Referring to the column for an equivalent total length of 300 ft for Sections AB and 
KAj each supplying 117,6 Mbh, it will be found that a 1 H-m pipe is too small and a 2-m. 
pipe IS too large. Consequently, a IJ^-m pipe is selected for the flow line ABj and a 
2-in pipe for the return line KA. For Sections BC and JK, each supplying 88 Mbh, a 
13^in pipe is only slightly too small and it is selected The remaining pipe sizes are 
selected in a similar manner and recorded in Fig. 5 For a temperature drop of 10 F, 
24 6 gpm of water must be circulated The pump to select is one which has its highest 
efficiency when it is delivering 24 5 gpm against a 6-ft head. 

To secure a correct distribution of hot water among the several risers it is necessary, 

Table 4. Capacities of Pipes in Mbh (1000 Btu per Hour) and Velocities of 
Water in Pipes in Inches per Second for Forced Circulation Systems 
WITH A Total Friction Head of 18 ft and for a Maximum 
Temperature Drop of 10 Fa 


1 

2 

3 

4 

5 

6 

7 



EquiTALinT Total Length op Pifb in Fbbt m Longest Cmcnrr 

Plp» 

Equivalxkt 

liSinzcH 

200 

400 

600 

800 

1000 

(Inchxs) 

opRpb 

(FsKb) 

Unit FuzcnoN Head, in Miunghbs 



lOSO 

540 

360 

270 

216 



IfS 7 

8 e 

7 2 

6 2 

5 5 


32 

23 

18 

15 

13 

H 



18 7 

16 1 

13.7 

11 5 



28 

22 

19 

17 

1 


65 0 

36.8 

30 0 

26 4 

22.6 



48 

34 

27 

23 

20 

Hi 

3 0 

m 0 

81 5 

66 0 

68 3 

50 6 


59 

42 

33 

28 

25 

m 

4 0 

m 0 

ISS 0 

98 2 

86.2 

74-2 


66 

46 

37 

31 

27 

2 

5.0 

371 0 

m.o 

201 0 

180.0 

151 0 



80 

56 

45 

38 

33 


7 0 

S98 0 

407 0 

32^ 0 

287.0 

240 0 


91 

65 

51 

43 

38 

3 

9 0 

1110 0 

790 0 

598 0 

527 0 

44S.0 



107 

76 

60 

51 

44 


^For other temperature drops the capaaties of pipes are to be changed correspondingly For example, 
for a temperature drop of 30 F, the capaaties shown m this table are to be multiplied by 3. The veloaties 
remain unchanged. 

bApproximate length of pipe in feet equivalent to one elbow in fnction head This value varies with 
the veloaty. 

as previously stated, to introduce special resistances to balance the several risers, as 
follows. 

The first riser is 80 ft nearer the boiler than the fifth riser In order that the two may 
be balanced, i e , that they may operate under equal pressure heads, resistance must be 
added to the first riser equal to the friction head in the 80 ft of flow main from B to F 
plus that in the 80 ft of return mam from G to K. 

It will be noted from Table 3 that the unit fnction head is about 240 milinches per 
foot. The total friction head in the flow and return mains between the first and fifth 
risers is therefore 160 X 240 or 38,400 milmches, or a little more than 3 ft, which must be 
supplied by additional resistance in the first riser to prevent its having an advantage 
over the fifth riser. 

This resistance can be supplied by a calibrated and adjusted modulatmg valve or by 
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an orifice resistor in a union. If the orifice resistor is to be used, its size may be selected 
from Table 5 as follows* 

The lower part of the first flow riser supplies 2S S Mbh According to Table 3, it 
should be a 1-in pipe and would have a velocity of 22 in per second, if it ^^e^e suppl>*ing 
24 Mbh Since it is supplying 28 8 Mbh, the velocity will be about 26 m per second. 
Frorn Table 5 it ^dll be found that for a 1-in pipe and a velocity of 24 m per second, an 
0.45"in. orifice \nll produce a loss of head of 37,000 milinches For a velocity of 26 in. 
per second, the loss of head will be somewhat more, probably about 43,000 milinches, the 
difference between it and the r^uired resistance will be about 10 per cent, which is per- 
missible, and the 0 45-in orifice is selected 

The sizes of the orifice resistors for the second, third, and fourth risers are selected in 
a similar manner and found to be 0 45 in , 0.50 in., and 0 55 in., respectively. 

If the design of the system of Fig. 5 is to be extremely refined, the 
gravity pressure heads produced by the risers should be taken into con- 
sideration. With water at 220 F and 210 F, respectively, in the risers, the 

w V,* w 



gra\Tty head is 50 milinches per foot of water column or 25 milinches per 
foot of flow and return pipe. The pump pressure head in this case is 240 
milinches per foot of pipe, and the gravity head, being only one tenth as 
large as the pump head, may be n^lected without serious error. This is 
generally done. 

Temperatures of 220 F and 210 F would be used only during the coldest 
weather for which the system is designed. At other times the tempera- 
tures would be lower, the temperature drop smaller, and the gravity heads 
smaller. The pump pressure head remains constant throughout the 
season if the pump is operated at a constant speed and, consequently, the 
gravity head is generally less than one-tenth of the pump head. 

Effect of Variations in Pipe Sizes 

The pipe sizes for the several parts of the systeni selected from the 
tables are only approximately correct but the resulting error should be 
negligible as may be seen from the following study. Assume, as an 
extreme case, that the error in pipe size is so large that the water flows 
twice as fast through one of the radiators as through the others. This 
would make the friction head through this radiator almost four times as 
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Table 5 Friction Heads (in Milinches) of Central Circular 
Diaphragm Orifices in Unions 


VxLOCITT OF WkTZB IX PiPX IS IkCHZS FSB SXCOBS 


OmnoBS 

(IncHiis) 

2 

3 

1 ^ 

6 

8 

1 

; 12 

i 

1 ^ 

36 

^■4 n , Pipe 

0 25 

1300 

2900 

5000 

11,300 

20,800 

32,000 

45,000 




0.30 

650 

1450 

2500 

5700 

10,400 

16,000 

23,000 

EimM 



0.35 

330 

740 

1300 

2900 

5200 

8000 

12,000 

26,000 

47,000 


0 40 

170 

380 

660 

1500 

2600 

4000 

6800 


24,000 


0 45 


185 

330 

740 

1300 

2000 

2900 


12,000 


0.50 



155 

350 

620 

970 

1400 

3200 

5700 

iftmiSM 

0.55 



75 

170 

300 

480 

700 

1600 

2800 

IB 


l~tn. F%pe 


0.35 


2000 

3500 

7800 

14,000 


32,000 




0.40 

460 

1000 

1800 

4000 

7200 

12,000 

17,000 

37,000 

65,000 


0 45 

270 

570 

1000 

2300 

4100 

6400 

9300 

21,000 

37,000 


0 50 

160 

330 

580 

1400 

2300 

3700 

5400 

12,000 


•liKHO 

0 55 


190 

330 

750 

1300 

2200 

3000 

7000 



0 60 



200 

440 

800 

1300 

1800 

4200 

7400 

TuVr 

0.65 



120 

260 

460 

720 


2400 

4300 



lM-4n, Pipe 


0.45 

1000 

2250 

4000 

8900 

16,000 

25,000 

36,000 




0.50 

660 

1450 

2600 


10,400 

16,400 

23,000 

mem 



0.55 

430 

950 

1700 


6800 

10,500 

15,000 

34,000 

60,000 


0.60 

280 

630 

1100 

2500 

4400 

6900 

10,000 

22,000 

40,000 


0.65 

190 

420 

750 


3000 

4700 

6700 


MrJUIiIil 

60,000 

0 70 


285 

510 

1150 

2000 

3100 

4500 


tiliuM 

40,000 

0.75 


190 

330 

750 

1300 

2100 

3000 


iSH 



Pipe 


0.55 

850 


3300 

7400 

13,000 

21,000 

30,000 



0.60 


1300 

2300 

5400 

8600 

16,800 

21,000 



0.65 


850 

1500 

3600 

7200 

10,400 

14,000 


53,000 

0 70 


600 

1100 

2600 

4400 

7000 

10,000 

21,000 

39,000 

0 75 


mSSm 

760 

1800 

3000 

5000 



28,000 

0 80 


300 

540 

1200 

2200 

3200 

5000 


19,000 

0 85 


200 

380 

860 

1600 

2300 


7800 

13,000 


2-in Pipe 



890 

1850 

3500 

7400 

14,000 

22,300 

33,000 





470 

975 

1800 

3900 

7400 

11,700 

17,000 

37,000 




255 

560 

1000 

2200 

4200 

6500 

9500 

20,500 




160 


610 

1320 

2520 

4000 

5800 

12,500 


49,000 

1.10 



375 

850 

1600 

2500 

3700 

7900 



1.20 



195 

460 

950 

1360 

1910 

4200 



1.30 




275 

525 

980 

1375 

3100 


IB 


No<«.~The lotaeB of head for the orifices in the IH-ui and 2-in rape were calculated from those m the 
smaller pipes* the calculations being based on the assumption that, for any given veloaty, the loss of head 
is a function of the ratio of the diameter of the pipe to that of the orifice This had been found to be 
practically true m the tests to determine the lossn of head m orifices m I-iSm and 1^-m piiie, con- 
ducted by the Texas Engineering Ezi>enment Stabon, and also in the tests to determine the losses of head 
in orifices in (-in . 6-in , and 12Hin pipe, conducted by the Engineenng Expenment Station of the Umversity 
of Illinois, (B«22s/{» 100, Table 6, p. 38, Davis and Jordan). 
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large as those through the other radiators. The result would be that the 
water, in flowing through the radiator, would cool 5 F instead of 10 F. 
The mean water temperature in the radiator would then be 217}<^2 F in- 
stead of 215^ F, and the mean temperature difference, water to air, would 
be 1473^ F instead of 145 F. The heat dissipated by the radiator would 
therefore be about 2 per cent more than calculated. It is evident that 
this difference in heat dissipation is smaller than the difference between 



Fig. 6. A One-Pipe Gravity Circulation System 



the calculated heat losses and the actual heat losses, and also smaller than 
the averse difference between the calculated radiator sizes and the 
nearest stock sizes selected. 

GRAVITY CmCDlATION 

For gravity circulation, the one-pipe system shown in Fig. 6 and the 
two-pipe direct return system shown in Fig. 7 are probably in most 
common use. 

The one-pipe system has the disadvantage that the radiator nearest the 
boiler is the only one which receives water at approximately the tem- 
perature at which it leaves the boiler. All other radiators receive cooler 
water and must be proportionally increased in size, so the total heating 
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surface in the system is considerably larger than that in a corresponding 
two-pipe system. 

The pipe sizes in gravity circulation systems may be varied. As the 
pipe sizes axe decreased, the temperature drop through the radiators, 
which produces circulation, is increased and it becomes necessary to 
increase the temperature of the water leaving the boiler so that the mean 
temperature in the radiator remains constant. For example, Fig. 8 shows 
diagrammatically an elementary heating system which will function with 
either 13^-in. or 1-in. pipe. The radiator is required to deliver 27 Mbh, 
and the circuit consists of 30 ft of pipe and 20 elbow equivalents. 

If 13^-in. pipe is used, the system will operate correctly if the water 
temperatures in the flow and return risers are 200 F and 180 F, respectively. 
The mean water temperature in the radiators will then be 190 F and, 
if the radiator is located in air having a temperature of 70 F, the size of 
the radiator must be sufficient to deliver 27 Mbh under these conditions. 

If 1-in. pipe is used, the system will function correctly with water tem- 
peratures in the flow and return risers of 210 F and 170 F, or of 200 F 



Fig. 8 An Elementary System 

and 160 F. In the first case, the mean water temperature is again 190 F 
and the same size radiator may be used as with the IJ^-in. pipe, but the 
temperature of the water leaving the boiler must be raised from 200 F to 
210 F. In the second case, the temperature of the water leaving the 
boiler is the same as for the 1 pipe, but the mean water temperature 
in the radiator is lowered from 190 F to 180 F, and theoretically the size 
of the radiator should be increased about 12J^ per cent to deliver the 
required 27 Mbh (See Table 3, Chapter 6, 1933 Guide, also refer to 
Question 3, page 621). 

This indicates the extent to which pipe sizes and radiator sizes may be 
decreased by increasing the temperatures of the water in the boiler, as is 
possible in closed systems and in open s3^tems in which the^ open 
expansion tank is located sufficiently high to secure a pressure in the 
boiler equal to that existing in the boiler of the closed system. 

Example Design a one-pipe gravity circulation system for the layout shown in 
F^. 6. Assume that the main circuit consists of 150 ft of pipe, 7 elbows, and one boiler. 

SoluHon, Replace the boiler by 3 elbow equivalents and assume that the size of the 
main will be about 2 m. According to Table 6, Column 2, a 2-in elbow is equivalent to 
4 ft of pipe, and the total equivalent len^ of the main will be about 150 plus 40, or 
190 ft Aisuming^ that the center of the boiler will be about 4 ft lower than the horizontal 
portion of the main and that the temperature drop in the system is to be 35 F, Table 6 
may be used to determine the size of the mains. Note from Column 8, for a 200-ft 
length, that a 2-in. main will supply 48 Mbh and a 2}^in. main, 75 4 Mbh Since ^e 
system to be designed is to supply 66 Mbh, a 2-in pipe is too small and a pipe 
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Table 6 Capacities of Mains in Mhh , for One- Pipe a.nd for Two- Pipe Direct 
Retl-rn Gravity Circlxation Systems with a Total Friction Head 
OF 0 6 In , A Temperature Drop of 35 F, when the Mains 
are 4 Ft Above the Center of the Boiler 


1 

2 

1 ^ 

' 4 

1 5 

5 

i 

s 

9 

10 

11 

PiPH 

Suss 

(Inchbs) 

j 

Equivalent 

Length 

OF Pipe 
(FBB ra') 

Equivalent Total Length op Pot is Feet in Lovgesit Cmccir 

75 

100 

125 

150 

175 

2:0 

250 

300 

350 

1 Unit Fbiction Head, in MnzNrHis 

80 1 

1 60 

i 

40 

' 34 

30 

24 

20 

17 

IH 

3 0 

43 0\ 37 J 

32 0 

1 30 0 

; 27 o\ 

25 0 

22 2 

20 2 

IS 7 

2 

4.0 

83 0 

72 0 

63 0\ 57 0 

1 

\ 4S0 

, 42 0' 

3S0 

35 0 

2M 

4 5 



100 0 

90.0\ SI 5' 

75.1 

67 2 

61.0 

56 0 

3 

5.0 

234 0 

m4 

175 S\ 

\ 160 Oj W o\ 

133 0 

' iioo\ 

107 5 

1 100 0 

3H 


847 Oj 

j 300 0 

260 0^^ 

236.0 

1 1 

2U 0\ 

sood 

1 irroj 

160 rl\ 

146 0 

4 



422 0 

370.0 




H 




aApproximate length of pipe m feet equivalent to one elbow m friction head. This value vanea with 
the veloaty 


too large. The solution is to use some 2-in and some 2}^in. pipe Since the 2}4-in. is 
nearer the correct size than the 2-in., select 2-in. pipe for the first 50 or 60 ft out of the 
boiler and 2 J^in. for the remaining pipe back to the boiler 

Tables 7 and 8 may be used to desim the radiator risers and connections According 
to Table 7, for 12 Mbh the flow riser should be % in and^ the return nser 1 in., and the 
riser brandies should be 1 in. and IM hi-i resp^ively. Note that according to Table 8, 
both radiator tappings should be 1 m. To simplify the construction, select 1-in. flow 

Table 7. Maximum Capacities of Risers® in Mbh, and Velocities of Water in 
Pipes in Inches Per Second for One-Pipe and for Two-Pipe Direct 
Return Gravity Circulation Systems with a Drop of 
35 F Through Each Radlator 


Pipe Size (Inches) 

Equivaiant Length 

OPPlPl(FEKTe) 

IsrFLOoab 

2nd Floob 

3bd and 4th Floobs 

Flow 

Retuni 

Mbh 

\eL(In perSecd) 

Mbh 

Mhh 

Flow 

Return 



1 0 




5 

6.2 

H 

% 





6.4 

8.0 

% 


1 5 

9 

2.3 

2.3 

10.1 

14-0 

H 

1 


12 

3.2 

WmM 

13.8 

17.1 

1 

1 

2 0 

18 

2.5 

2.5 

go 

26.0 

1 



21 


mMm 

gs.g 

34 

m 

IVi 

3.0 

26 

KMim 

KMfl 

43 

DO 

iji 



S4 

CVS 

2.5 

1 




3 5 

48 

3.0 

3.0 




aThia table la baaed on pressure heads of 450, 1800. 3150, and 4500, reapectively, for the first, srand, 
third, and fourth floor radiators, and on fnction heads of 200 nuhncbes for the first floor radiators and conr 
nectiona, and 700 mfimches for all other radiators and their connections. 

bThe nser branches, the piping which connects the nsers to the mains, are to be one azt larger than the 

^^Approximate length of pipes in feet equivalent to one elbow in fnction head. This value vanes with 
the -^ooty. 

dVelooties apply to the nser branches. 
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risers with l-in. riser branches and 1-in. radiator tappings. Also select IJ^-in. return 
risers with l}^C-in riser branches, and IJ^-in. radiator tappings Similarly, for 18 Mbh, 
select 134 -in flow and return nsers and riser branches, and lH-in, radiator tappings. 

To develop a rule for determining radiator sizes, assume a system 
similar to that of Fig, 6, in which the total temperature drop is to be 35 F 
and which is equipped with 7 radiators, all radiators dissipating equal 
quantities of heat. The mean temperature of the water in the radiators 
will be reduced 5 F for each successive radiator. If the mean tempera- 
ture of the water in the first radiator is 200 F, the mean temperature of the 
water in the seventh radiator will be 170 F, and, according to Table 3, 
Chapter 6, of the 1933 Guide, the heat dissipation of these two radiators 
will be to each other as 868 is to 617, or as 140 is to 100, and therefore if 
the last radiator is to dissipate as much heat as the first, its size must be 
40 per cent larger. 

Example 4 . Design a two-pipe, direct return, gravity circulation system for the lay- 
out shown in Fig. 7. Assume that the mam circuit from the boiler to the farthest flow 
riser and from the farthest return riser back to the boiler consists of 160 ft of pipe, 
6 elbows, and 1 boiler. 


Table 8. Maximum Capacities of Radiator Connections in Mbh, for One-Pipe 
AND FOR Two-Pipe Direct Return Gravity Circulation Systems with 
A Temperature Drop of 35 F Through Each Radiator 


Pm Sizx 

EqxuviLsnt LmnsTH 
or PiPK (Fnrra) 

lar Floor 

2nd, 3rd, and 4th Floors 

Flow 

Return 

Mbh 

Mhk 



1 0 


6 9 





7 6 

K 

H 

1 5 


10.6 

H 

1 


9.1 

■ 13 0 

1 

1 

2.0 

1£.5 

17.8 

1 

IH 


17.6 

23.8 

lii 

IH 

3.0 

23.3 

33.2 


aApprozunate length of pipe m feet eanivalent to one elbow in fnction head. This value vanes with 
the veloaty. 


SoluHon. Replacing the boiler by 3 elbow equivalents and assuming that the largest 
size of the main will be about 3 in , the total equivalent lenc^ of the main will be 160 
plus 46, or 206 ft. Assuming that the center of the boiler will be about 4 ft lower than the 
horizontal portion of the main, and that the temperature drop will be 35 F for the 
system, the pressure head caus^ by the difference in weight between the water in the 
flow and return risers joining the mains to the boiler will be about 0.6 in. of water, or 
about one-fortieth of the pressure head produced by the circulatmg pump selected for the 
S3^emofFig 3 

Table 6 may be used to determine the size of the main as follows Eef^ to Column 8 
and note that for Sections AB and lA, whidb supply 105.6 Mbh, a 3-in. pipe is too large 
and a 2^in. pipe is too small; hence, select 214 In- for Section AB and 3 m. for Section 
I A, For Switions BC and HI, which supply 76.8 Mbh, a 2}4-in. pipe is almost exactly 
the correct size and is selected for both sections. 

For the forced circulation S 3 ^em of Fig. 5, the pressure head produced by the emu- 
lating pump is used to force me water through the mains and also tiirougn the risers 
Gravity circulation systems have two distinct pressure heads. One is produced by the 
difference in weight of the water in the flow and return risers adjacent to the boil^, and 
is the boiler pressure head, which in this case is 0.6 in. The other pressure head is pro- 
duced by the difference in weight of the water in the flow and return risers adjacent to 
the radiators, and is the radiator pressure head. If the temperature drop through the 
radiators is about 35 F, and if the story heights of the building are 9 ft and the distance 
from the center of the first floor radiator to the average level of the main is 3 ft, the 
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radiator pressure head of the first floor radiator is about 450 milinches and the pressure 
heads of the radiators on the upper floor are 1350 miiinches greater than those on the 
next lower floors. 

Tables 6 and 7 are based on the assumption that the boiler pressure head must be 
equal to the friction head in the mains, and tihat the several radiator pressure heads must 
be equal to the respective radiator and riser friction heads. 

To design the radiator nsers, use Table 7 and b^in with the set nearest the boiler. 
The first floor risers must supplv 28 8 Mbh. According to the table, £Iow and 

return nsers will supply 26.0 Mbh. if the return nser is increased to in., the catjacity 
will be increased to 34.0 Mbh This is considerably larger than necessary, and l;^'in 
flow and return risers are selected. How'ever, it must be remembered that the riser 
branches, which are the connections from the flow and return mains to the flow' and 
return risers, are to be one size larger than the risers. 

The second floor nsers must supply 19.2 Mbh. According to the table, the capacity 
of 1-in flow and return risers is 20.0 Mbh, and that size is selected. 

The third floor risers must supply 9 6 Mbh. If a flow’ and a ?i-in. return riser 
are used, the capacity will be 80 Mbh, if both risers are H in., the capacity wtU be 
14.0 Mbh. The ?i-in. pipe is selected for both risers 

To design the radiator connections, use Table 8 and note l^t for the first floor 
radiator connections the capacity of a Ji-in. flow and 1-in. return is 9.1 Mbh, and that of 
a 1-in. flow and a 1-in return is 12.5 Mbh The former is more nearly the corr^ size, 
but since it is difficult to secure a good flow through first floor radiators, the 1-in. flow 
and return connection is selected. For the two upper floors, the capacity of a %-m. flow 
and return connection is 10 5 Mbh, and that'size is used. 

As explained in the design of the forced circulation systra of Fig. 6, 
the two-pipe direct return system of Fig. 7 will not function rorrectly 
unless its four sets of risers are balanced among themselves. This neces- 
sary balancing is accomplished by adding resistances to all risers, except 
the one fartJiest from the boiler, equal to the excess boiler pressure heads 
available for those risers above the boiler pressure head available for tiie 
farthest riser. For example, the first set of risers is 60 ft nearer the boiler 
than the last set. Since Hie flow and return mains are designed for a 
friction head of 3 milinches per foot (See 'Table 6, Column 8), the boiler 
pressure head available for the first set of risers is 360 milinches in excess 
of that available for the fourth set. 'The velocity in the riser branch is 
3 in. per second (See Table 7) and, therefore, according to Table 5, an 
0.65-in. orifice in a union should be used. This will provide a 

resistance of about 420 milinches. In the same manner it is found that 
for the second set of risers a resistance of 240 milinches is_ required and 
that an 0.70-in. orifice in a IJ^-in. union will pro\’ide a resistant of 285 
Tnilinrlips- For the third set of risers, a resistance of 120 milinches is 
required and an 0.60-in. orifice in a l-in. union will provide sufficient 
resistance. 


EXPANSION TAMES 

When water at ordinary temperatures is heated or cooled, its volume is 
increased or decreased. This variation in the volume of the water in a 
heating system is generally provided for by means of an expansion tank 
into which the water can flow from the sj^tem during the heating-up 
periods and from which it can flow back into the system during the 
cooling-down periods. 

The mcpansion tank may be open or closed. In an open expansion tank 
(Fig. 9), the water is subjected to atmospheric pressure and can expwd 
freely without a mataial increase in pressure. In a closed expanaon 
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Fig. 9. An Open Expansion Tank Fig 10. A Closed Expansion Tank 

tank (Fig. 10), the water is subjected to the pressure of the compressed air 
within the tank, and as the water expands, the volume of the air in the 
tank is decreased and its pressure increased. 

The open expansion tank must be placed at a sufficient elevation above 
the highest radiator to prevent boiling when the water in that radiator is 
at the highest temperature to which it is to be heated. For example, if 
tie water is to be heated to 225 F on extremely cold days, the absolute 
pressure on the water in the highest radiator must be at least 19 lb per 
square inch. This pressure will be secured if the open expansion tank is 
located 16 ft above the highest radiator. If a closed expansion tank is 
used and is located 30 ft bdow the highest radiator, an absolute pressure 
of about 32 lb per square inch must be mmntained in the expansion tank 
if the water in tihe highest radiator is to be heated to 225 F without danger 
of boiling. 

The type of expansion tank used in a heating system, whether open or 
closed, has no influence on the operation of the system. The only function 
performed by the expansion tank is to provide for the variation in the 

Table 9. Expansion Tank Sizes for Hot Water Heating Systems 


Take Sosa 
Gallons 


Equivalent Dibjoct 
Radiatiok Installed 
inSqFt 


Capacitt DmicT 
Elution Inbtallbd 
znMbh 
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volume of the water in the system, and at the same time to maintain a 
sufficient pressure in the system to prevent boiling when the water is at 
the highest temperature for w^hich the s\’stem is designed. The capacity 
of the cushion or expansion tank should not be less than the tank sizes 
indicated in Table 9 and in addition provisions must be made for draining 
it without emptying the system. 

The capacity of the expansion tank should be at least twice the in- 
crease in volume produced when the water in the system is heated from 
its normal to its maximum temperature. WTien 25 gal of water are heated 
from 40 F to 200 F, the volume of water increases to 26 gal. A safe rule, 
therefore, is to make the water capacity of the expansion tank equal to 
10 per cent of the capacity of the Wting s>^stem. 

In a forced circulation system, the expansion tank can either be con- 
nected to the flow or return main. In a gravit>" circulation system, the 
expansion tank should be connected to the flow riser so that air liberated 
from the water in the boiler may escape through the expansion tank. 

The expansion tank should be protected so that the water in the tank 
or in the connecting pipe lines cannot freeze. If such water should freeze 
and the water in the system be heated to cause further expansion, the 
resulting force will burst the boiler or some other portion of the system. 

RELIEF VALVES 

All closed hot water heating systems should be equipped with a relief 
valve and compression tank, which should be of adequate size to relieve 
any pressure over the pressure rating of the boiler. Protection is thus 
afforded against any possible damages to the boiler due to overheating, 

INSTALLATION DETAILS 

The detailed installation of the pipe system should be governed by 
four fundamental rules: 

1. AH piping must be pitched either up or down so that all gases whidi are liberated 
from the water can move freely to a vented section of the system. Whenever practicable, 
the pipe line should be pitched so that gases flowing to a vent will flow in the same direc- 
tion as the water. When a pipe system cannot be installed without creating air pockets, 
that is, sections in the system from which hberated gases cannot escape, such sections 
must be provided with automatic air rdief valves or with air valves which may be 
operated manually when necessary, or trapped into a pressure tank. 

2. All piping must be arranged so that the entire system can be drained, mther to 
permit alterations or repairs, or to prevent freezing if die system is not to be operated 
during a cold period. 

It is well to install a gate valve and union in every riser near the main to permit the 
draining of individual risers without draining the entire system. It is also wdl, in large 
installations, to divide the system into brandies and to provide each branch with unions 
and valves so that any one branch can be drained without disturbing the remaining 
ones. 

The dividmg of large heating systems into branches or zones and providing each zone 
with individual valves has the further advantage of permitting a varsdng temperature 
control. For example, if a building is equipp^ with a forced circulating system and if 
the south rooms are on one brandi of the main and the north rooms are on a separate 
branch, the valves may be set so that the water will drculate through the north branch 
with a temperature dr<m of, say, 10 F, and through the south branch with a tempera- 
ture drop of, say, 20 F, thus delivering less heat to the south rooms than to the north 
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rooms. This arrangement is especially valuable when the regulating valves are controlled 
thermostatically by the temperatures in the two zones, because no matter how accurately 
the heating system may have been designed, the heat demand^ of any group of room’s 
vanes with sunshine and with wind velocity, and these intermittent variations can be 
provided for only by the individual control made possible by changmg the valve settings 
controlling the heat supplied to particular groups of rooms. 

3 AH piping must be installed so that it is free to expand and contract with changes of 
temperature without producing undue stresses in the pipes or connections For this 
purpose it is generally sufficient to allow for a variation in length of 1 m. for 100 ft of pipe. 

4. The pipe system must be installed so that each circuit has its corr^t friction head 
To bring this about, it is necessary in some cases to minimize the friction, t.e., to make 
the pipe line as short as possible and to provide as few fittings as possible, and m other 
cases It is necessary to increase the lenra of the pipe and the number of fittings so that, 
for every circuit, the friction head will be equal to the available pressure head. 

The connections from the boiler to the mains should be short and direct, to reduce the 
friction head It is frequently possible to avoid an elbow and to reduce the length of the 



Fig. 11. Method of Connecting Radiator 
TO Allow for Expansion of Pipe 

pipe by running the pipe in a diagonal direction, either in a horizontal or in a vertical 
plime. 

The mains and branches should pitch up and away from the heater, generally not 
less than 1 in. in 10 ft. The flow main should always be covered; the return main should 
be covered except where it is to provide the heating surface for the basement. 

The connections from mains to branches and to risers should be such that circulation 
through the risers will start in the right direction. Hence, in a one-pipe ^stem the flow 
connection must be nearer the heater than the return connection. In a correctly- 
designed two-pipe system, the pressure in the flow main is higher than that in the return 
main, and a sl^ht variation in the distances of the flow and return connections from the 
heater is not material, but it is generally best to have the two connections about equally 
distant from the heater. 

In some cases it may be advisable to take the flow connection off the top of the main 
and the return connection from the side, but in most cases both connections should be at 
an angle of 45 deg. This method shortens the lines and substitutes 45-deg ells for 
90-deg ells. 

Preferably, connection of the flow riser to a radiator should be to the upper tapping, 
and connection of the return riser to a radiator should be to the lower tapping. When 
hot water enters at the top of a radiator it will distribute itsdf along the entire length of 
the radiator, and as it cools it will settle gradually to the bottom; the cool water may 
then be tak^ out of the radiator at either end. 

With forced curculation and high velocities, it is advisable to let the water enter at ^e 
top of the radiator and leave at the bottom of the opposite cad. With gravity circulation 
and low velocities it makes little difference whether the water leaves at the end at which 
it enters or at the opposite end. 
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The connections of the nsers to the radiators should be such that provision is made for 
the vertical expansion of the nsers. This can be accomplished as indicated in Fig. 11 by 
using one tee and two ells for each connection These connections should be pitched 
upward or downward, whichever may be necessary to prevent the formation of air 
pockets and to permit draining 


PROBLEMS IN PRACTICE 

1 • 'Will altering a hot water heating system from an open to closed type 
system (a) increase the circulation and (b) give more heat? 

a. No Tests conducted by the ASH V.E. mdicate that there is little if any difference 
in the circulation when the system is under pressure The difference in temperature 
between the supply and return, and the friction are the governing factors. 

With a closed system the water may be carried at a higher temperature without 
boiling which permits warmer radiators. 

2 • What tends to prevent or to retard the circulation of water in hot water 
heating systems? 

In both gravity flow and forced circulation ssatems, the friction which must be overcome 
when the water is flownng through pip^, fittings, valves, heaters, and radiators tends to 
prevent or retard circulation For a given pipe the fnction vanes approximately m the 
1.7 pow’er of the velocity, and for given fittmgs. val\'es, heaters, and radiators, the friction 
varies approximately as the square of the \^ocity. It is therefore sufficiently accurate 
to express the friction in fittmgs, valves, heaters, and radiators in terms of the friction 
m one standard elbow, as shown in Table 1. 

3 # In the elementary heating system. Fig. 8, what is the pressure head m ai n * 
tabling the circulation if the water in the return riser is at 180 F and that in 
the flow riser is at 200 F? 

It is found, from Table 7, Chapter 1, that 180 F water weighs 60.61 lb per cubic foot and 
200 F wrater weighs 60.13 lb per cubic foot. The pressure head is independent of the size 
of the pipe. If the two risers were each 1 ft square, the water in the flow nser would 
weigh 601 3 lb and t^t in the return riser would weigh 606.1 lb. Thus the water in the 
return riser would weigh 4 8 lb more than that in the flow riser Consequently, the 
resulting pressure head is 4.8 lb per square foot 

Pressure heads are generally expressed in feet, or inches, or milinches of wrater of a given 
temperature. In this case we are dealing writh water at both 180 F and 200 F, so the 
pressure head is expressed in terms of 190 F wrater. Such water weighs 60.39 lb per 
cubic foot, and to secure a pressure of 4 8 lb per square foot, it is necessary to have a 
column of water ha>dng a weight of 4 8 divid^ by 60 39 = 0 0795 ft, or 0 9540 in , or 
954 milinches. This is the pressure head which maintains the circulation 

4 # In the elementary system of Question 3, if the radiator d^sipates 14,000 
Btn per hour, what is the velocity of the water in the pipe line, if the pipes are 
1 in. in diameter? What, if they are ^ in. in diameter? 

Since the temperature drop through the radiator is from 200 F to 180 F or 20 F, every 
pound of water flowing through the radiators delivers 20 Btu; consequently. 14,000 
divided by 20 * 700 lb of water, or for 190 F water, 700 divided by 60 39 = 11.59 cu ft 
of water must flow through the radiator and through the pipe lines every hour. 

The interior area of a 1-in. pipe is 0 864 sq in. The velocity in the 1-in. pipe is 11.59 
divided by 0.864 and multiplied by 144 « 1932 ft per hour or 6.44 in. per second 

For ?i-in. pipe, the interior area is 0.533, and the velocity is 6 44 multiplied by 0.864 
and divided by 533 = 10.44 m. per second. 

5 • K, in the elementary heating system of Question 3, a 1-in. pipe line is 
used, what would be the friction head? 

If the radiator is connected as shown in Fig. 11, with the heater connected to provide 
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freedom of expansion, the heating circuit may be assumed to consist of a heater, 25 ft of 
pipe, 8 elbows, 1 radiator valve, and 1 radiator. From Table 1 it appears that the heater 
and radiator are eqmvalent, in fnction, to 6 elbows, hence, the circuit may be placed 
equal to 25 ft of pipe and 14 elbows. 

From the diagram of Fig. 4 it appears that the friction head for a 1-in pipe and a velocity 
of 6 44 in per second is about 25 milmches per foot. For 25 ft of pipe, the friction head 
will be 625 milinches. 

It appears from Table 1 that the friction head in one elbow is , or in this case 0 64 

multiplied by 0 54 and divided by 64.4 = 0 0045 ft or 54 milinches. ^ Hence, for the 14 
elbows the fnction is 756 mdinches For the entire circuit, the friction head is the sum 
of the 625 milinches of the pipe plus the 756 milinches of the elbows, or 1381 milinches 
which equal 1 381 in. 

6 • If the elementary heating system of Question 3 is installed with a 1-in. 
pipe line, how will it function? 

It is found from the answer to Question 3 that the pressure head is 954 milinches and 
from the answer to Question 5 that the fnction head is 1381 milinches when the water is 
iflowing with such velocity that the speafied 14,000 Btu will be dehvered with a 20 F 
temperature drop through the radiators. Since the pressure head is smaller than the 
fnction head, the system will not function as planned for the water will flow through the 
system more slowly and remain in the radiator longer. The temperature drop through 
the radiator will be more than 20 F, and the difference in the weight of the water in the 
return and flow risers will be greater than that intended. The final result will be that the 
pressure head will become ^ual to the friction head at a value somewhere between 
954 and 1381 milindies Since the average water temperature in the mdiator will be 
less than 190 F, the radiator should be larger than the size given in Question 4. 

7 • Should a hot water heating system be designed to embody small pipes or 
large pipes? 

As pipe sizes in gravity circulation heating are reduced, the friction head is increased 
and it is necessary to increase the temperature drop through radiators, this lowers the 
avera^ temp^ture of the water in the radiators and necessitates an increase in the 
size of the radiators, so whereas the cost of the pipe in a system is reduced, the cost of the 
radiators is increased. For each installation there is a definite pipe size which entails 
maximum economy. 

As pipe sizes in forced circulation s3rstems are reduced, friction heads are increased so a 
circulating pump of greater size or capacity is required. Thus, by decreasing the size of 
the piping, both the first cost of the arculating pump and the cost of its operation are 
increased There is a definite pipe size for every installation whi^ is most economical. 
For each installation of botii types of systems there is a definite pipe size entailing maxi- 
mum economy which can be determined by a senes of comparative calculations. 

8 • What should be the size of the radiators for the dlementary heating system 
of Question 3 in which the water enters the radiator with a temperature of 
200 F and leaves with a temperature of 180 F? The average temperature of the 
water in the radiator is, approximately, 190 F. 

If test results are available for the particular radiators to be used, and for the tempera- 
tures named, the size of the radiators should be selected from them. If no such test 
results are to be had, but if test results are available for the type of radiator to be used 
when it is supplied with 215 F steam and placed in a 70 F room, the required size may be 
determined by the followmg ratio. The required size is to the corresponding steam 
radiator size as (215 — 70)^* is to (190 — 70)^**. This ratio works out to 1.28. Hence, 
the radiators should be 28 per cent larger under the conditions prescribed than are cor- 
responding radiators under standard conditions. It is immaterial whe^er a radiator is 
filled with steam or with water, as long as the average temperature of its outer surface 
is the same m both cases. 
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PIPE, FITTINGS, WELDING 


Pipe Material^ Types of Pipe Used^ Dimensions of Pipe Com~ 
merciaUy Available, Es^nsion and FlexihiUty of Pipe, Pipe 
Threads and Hangers, Types of Fittings, Welding as Applied to 
Erection of Piping, Valves, Corrosion of Piping 


I MPORTV^NT considerations in the selection and installation of pipe 
and fittings for heating, ventilating, and air conditioning work are 
dealt with in this chapter. 


PIPE MATERIALS 

Use of corrosion-resistant materials for pipe, including special alloy 
steels and irons, wrought-iron, copper and brass, has increased con- 
siderably during the past few years. The recent development of copper, 
brass, and bronze fittings which can be assembled by soldering or sweating 
permits the use of thin-wall pipe and thereby has reduced the initial cost 
of such installation. The following brief discussion indicates the variety 
of pipe materials and the types of pipe available. 

Wrought-Steel Pipe. Because of its low price, the great bulk of wrought 
pipe used for heating and ventilating work at the present time is of 
wrought steel. The material used for steel pipe is a mild steel made by 
the add-bessemer, the open-hearth, or the electric-furnace process. 
Ordinary wrought-steel pipe is made either by shaping sheets of metal 
into cylindrical form and welding the edges together, or by forming or 
drawing from a solid billet. The former is known as welded pipe, the 
latter as seamless pipe. 

Many types of welded pipe are available, although the smaller sizes 
most frequentiy used in heating and ventilating work are made by the 
lap-weld or butt-weld process. While the lap-weld process produces a 
better weld than the butt type, lap-weld pipe is seldom manufactured in 
nominal pipe sizes less than 2 in. Seamless pipe can be obtained in the 
small sizes at a somewhat higher cost. 

Seamless steel pipe is frequently used for high pressure work or where 
pipe is desired for dose coiling, cold bending, or other forming operation. 
Its advantages are its somewhat greater strength which permits use of a 
thinner wall and, in the small sizes, its freedom from the occasional 
tendency of weld^ pipe to split at the weld when bent. 

Wrought-iron Pipe. Wrought-iron pipe is considered to be more corro- 
sion-resisting than ordinary steel pipe and therefore its somewhat higher 
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first cost can be justified on the basis of longer life expectancy. Wrought- 
iron pipe may be identified by the spiral line marked into each length, 
either knurled into the metal or painted on it in red or other bright color. 
Otherwise, there is little difference in the appearance of wrought-iron and 
steel pipe, although microscopic examination of polished and etched 
specimens will readily disclose the difference. 

Cast Ferrous Pipe, There are now available several types of cast 
ferrous-metal pipe made of a good grade of cast-iron with or without 
additions of nickel, chromium, or other alloy. This pipe is available in 
sizes from 1J4 in. to 6 in., and in standard lengths of 5 or 6 ft with external 
and internal diameters closely approximating those of extra-strong 
wrought pipe. Cast ferrous pipe may be obtained coupled, beveled for 
welding, or with ends plain or grooved for the several types of couplings 
It is easily cut and threaded as well as welded. The fact that it is readily 
welded enables the manufacturers to supply the pipe in any lengths 
practicable for handling. 

Alloy Metal Pipe, Steel pipe bearing a small alloy of copper or other 
alloying element and iron pipe bearing a small alloy of copper and moly- 
bdenum have been claimed to possess more resistance to corrosion than 
plain steel pipe and they are advertised and sold under various trade 
names. 

Copper Ptpe and Fittings. Owing to its inherent resistance to cor- 
rosion, copper and brass pipe have always been used in heating, venti- 
lating, and water supply installations, but the cost with standard dimen- 
sions for threaded connections has been high. The recent introduction 
of fittings which permit erection by soldering or sweating allows the use 
of pipe with thinner walls than are possible with threaded connections, 
thereby reducing the cost of installations. 

The initial cost of brass and copper pipe installations generally runs 
higher than the corresponding job with steel pipe and screwed connections 
in spite of the use of thin-wall pipe, but the corrosive nature of the fluid 
conveyed or the inaccessibility of some of the piping may warrant use of 
a more expensive material than plain steel. The advantages of corrosion- 
resisting pipe and fittings should be weighed against the correspondingly 
higher initial cost. 

COMMERCIAL PIPE DIMENSIONS 

The IPS dimensions of commercial pipe universally used at the present 
time conform to the recommendations made by a Committee of the 
A.S.M.E. in 1886. Pipe up to 12 in. in diameter is made in certain 
definite sizes designated by nominal internal diameter which is somewhat 
different from the actual internal diameter, depending on the wall thick- 
ness required. There are three weights of wrought-iron and steel pipe 
commonly used, known as standard-weight, extra-strong, and double extra- 
strong. Because of the necessity of maintaining the same external dia- 
meter in all three weights for the same nominal size, the added wall 
thickness is obtained by decreasing the internal diameter. The term 
full-weight, when applied to sizes below 8 in., means that the pipe is up to 
the nominal weight per foot. When applied to sizes be^een 8 and 12 in., 
inclusive, it often indicates that the pipe has the heaviest of several wall 
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thicknesses listed. In sizes 14 in. and upward, pipe is designated by its 
outside diameter (O.D.j and the wall thickness is specified. 

While the demands for pipe for the heating and ventilating industry" are 
reasonably well served by the standard-'u eight and extra-strong pipe, 
demands for pipe for higher pressures and temperatures in industry" 
resulted in the use of a multiplicity of wall thicknesses for all sizes. Even 
in heating installations, the erection of piping by welding was deemed to 


Table 1 Dimensions of Welded and Seamless Steel Pipe 
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0.840 


- - 


0 109* 

0 14.7*1 

0 1ST 

H 

1 050 



“ - ■' 

0 113* 

0 154* 

0 218 

T 

1.315 



. 10 133'> 

,n 170* 

0 7.SO 


1 660 





0.140* 

0 191* 

.. . ...' .». 0.250 

Hi 

1 900 



iO 143* 

0 inn*: 

0.281 

2 

2 375 




0 154* 

0 71R*. 

0 343 

214 

2 875 




0 203* 

0 276* 

0 375 

3 

3.500 



• 

0 216* 

10 300*' 

--- 0 437 

3H 

4 000 




0.226* 

0 31S*i... 


4 ■ 

4 500 



. . . 0.237* 

'0.337*! . _ 

0.437 .. . 0 531 

5 1 

1 5.563 



. . . . 0 258* 

;0 375*1 

0.500 . 0 625 

6 1 

1 6 625 



i0 280* 

.. . 0 432* . .. 

10.562 . .. 0 718 

8 ! 

! 8.62Si 


'O 250 

0 277* 

0.322*!0.406 !0.500*i0.593 

p 718 0.812 ' 0.906 

10 

10.75 


0 250 

0 307* 

0.365* 

0.500*10.593 10.718 

'O 843 1 000 1 1 125 

12 

12.75 


0.250 

0 330* 

0.406 

0.562 0.687 '0.843 

,1 000 1 125 1 1.312 

140 D. 

14.0 

0.250 

0.312 

0 375 

0.437 

0 593 0 750 '0.937 

'1 062 1 250 ’ 1.406 

160. D. 

16 0 

0.250 

0 312 

0 375 

0.500 tO 656 lO 843 11.031 

11.218 ,1 437 ' 1 562 

180 D. 

18 0 

0 250 

0.312 

0.437 

0 562 

0 718 10 937 11.156 

:i.343 il.562 ' 1 750 

200. D. 

20.0 

0 250 

0.375 

0.500 

0 593 

0 812 n 031 '1.250 ,1.500 ;i.750 ■ 1.937 

240.D. 

24.0 

0 250 

0.375 

0.562 

0.687 

0.937 11 218 il.500 |1.750 2 062 j 2.312 

300 D. 

30.0 

0,312 

0.500 

0.625 


. 

1 ' 






AH dimensions are given in inches 

The deaznal thicknesses hsted for the respective pipe sizes represent their nominal or average wall 
rfittiATiflir>Tia and mclude an allowance for mil tolerance of 12 5 per cent under nominal thicknesses 

^Thicknesses marked with asterisk m Schedules 30 and 40 are identical with thickne^es for standard- 
weight pipe m former hsts, those in Schedules 60 and SO are identical with thicknesses for extra-strong 
pipe m former hats 

The Schedule Numbers indicate approximate values of the expression lOOO z P/S. 


warrant the use of pipe lighter than standard weight. For these reasons, 
a Sectional Committee on Standardd^zaiion of Wrought Iron and Wrought 
Steel Pipe and Tubing functioning under the proc^ure of the American 
Standards Association was appointed to standardize the dimensions and. 
materials of pipe. 

The proposed pipe standard recommended by that sectional committee 
has set up sever^ schedules of pipe including standard-weight and extra- 
strong thicknesses which are now included in Schedules 40 and 60, re- 
spectively. The schedules approved by the Sectional Committee are 
given in Tables 1 and 3 and the corresponding weights in Tables 2 and 4. 

Standard-weight pipe is generally furnished with threaded ends in 
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random lengths of 16 to 22 ft, although when ordered with plain ends, 

5 per cent may be in lengths of 12 to 16 ft. Five per cent of the total 
number of lengths ordered may he jointers which are two pieces coupled 
together. Extra-strong pipe is generally furnished with plain ends in 
random lengths of 12 to 22 ft, although 5 per cent may be in lengths of 

6 to 12 ft. 

In addition to IPS copper pipe, several varieties of copper tubing are in 
use with either flared or compression couplings or soldered joints. Dimen- 
sions of copper water tubing intended for plumbing, underground water 
service, fuel-oil lines, gas lines, etc., have been standardized by the U. S. 
Government and the American Society Jor Testmg Materials. There are 
three standard wall-thickness schedules of copper water tubing classified 
in accordance with their principal uses as follows: 

Class K — ^Deagned for underground services and general plumbing service. 

Class L — Designed for general plumbing purposes. 

Class Jlf— Designed for use with soldered fittings only. 

In general. Type K is used where corrosion conditions are severe, and 


Table 2. Nominal Weights of Welded and Seamless Steel Pipe 


Noxik&l 

Fn 

SlZK 

Ikchbb 

SCHBD 

10 

Punf 

Ends 

SCHBD 

20 

Pum 

Ends 

SCElIDIIIiB 

30 

SCHBDULS 

40 

Sgeed 

60 

Pmut 

Ends 

SCEID 

80 

Fla.ik 

Ends 

SCHBID 

100 

Plain 

Ends 

ScHBD 

SCEZD 

SCHID 

160 

Plain 

Ends 

Flam 

Threads 

and 

Coup* 

lings 

Flam 

Threads 

and 

Coup- 

Imp 

120 

Plain 

Ends 

140 

Plain 

Ends 






0.25* 

0 25* 


BSCSDHH 

1 

Vi 





0 43* 

0.43* 


0 54’^ 








0.57* 

0.57* 





... 1 






0.86» 

0.86* 



J.. .. .. 


1.31 









1.48* 




1.94 

1 






1 69* 


2.18* 




2.85 








2 29* 






3.77 







2 74* 


3.64* 


. — 



4.86 

2 






3 68* 



. 1 


7.45 







5.82* 


7.67* 




10 0 







7.62* 


■naa 



14.3 









12.5* 





4 





10 8* 

10 9* 


15.0* 


19.0 


22.6 

5 





14.7* 

14.9* 


20.8* 


27.1 


33.0 

6 





19 0* 

19 2* 

r ” 

28.6* 


36.4 


45.3 

8 


22.4 

“2477* 

“2576* 

28.6* 

28.8* 

35.7 

43.4* 

50.9 

60.7 

67.8 

74.7 

10 


28.1 

34.3* 

35.0* 

40 5* 

41.2* 

54.8* 

64.4 

77.0 

89.2 

105.0 

116.0 

12 


33.4 

43.8* 

45.0* 

53 6 

55.0 

73.2 

88.6 

108.0 

126.0 

140.0 

161 0 

14 0. D. 

36.8 

45.7 

54.6 


63.3 


85.0 

107.0 

131.0 

147.0 

171.0 

190.0 

16 0. D. 

42.1 

52.3 

62.6 


82 8 


108.0 

137.0 

165.0 

193.0 

224.0 

241.0 

18 0. D. 

47.4 

59.0 

82.0 


105 0 


133 0 

171.0 

208.0 

239.0 

275.0 

304.0 

20 0. D. 

52.8 

78.6 

105.0 


123 0 


167.0 

209.0 

251.0 

297.0 

342.0 

374.0 

240. D. 

63.5 

94.7 

141.0 


171.0 


231.0 

297.0 

361.0 

416.0 

^ 0 

536.0 

300. D. 

99.0 

1 

158.0 

197.0 


















... 



Weights are given in ponnds per Unear foot and are for pipe mth plain ends except for sizes whldi axe 
oommercially available with threads and couplings for which both weights axe listed. 

*The weights marked with asterisk in Schedules SO and 40 are identical with weights for standard^ei^ idpe in 
former listo; those in Schedules 60 and 80 are identical with weights for extro’Strmg pipe in former lists 
The Schedule Numbers indicate approaomate values of the expression 1000 x P/S. 
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Types L and Jl/ where such conditions may be considered normal as, for 
instance, in heating work. T>pes K and L are available in both hard and 
^ft tempers; Type M is available only m hard temper. Where flexibility 
is essential as in hidden replacement work or where as few joints as possible 
are desired as in fuel-oil lines, the soft temper is commonly used. New or 
exposed work generally employs copper pipe of a hard temper. All three 
classes are extensively used with soldered fittings. 

Standard dimensions, weights, and diameter and wall thickness 
tolerances for these classes of copper tubing are pven in Table 5. Copper 
pipe is also available with dimensions of steel pipe. 

Refrigeration lines used in connection with air conditioning equipment 
also employ copper tubing extensively. For refngeration use where 
tubing absolutely free from scale and dirt is required, bright annealed 
copper tubing that has been deoxidized is used. This tubing is available 
in a variety of sizes and wall thicknesses. 

EXPANSION AND FUEXIBILITY 

The increase in temperature of a pipe from room temperature to an 
operating steam or water temperature 100 F or more above room tem- 


Table 3. Dimensions of Welded Wrought-Iron Pipe 


Nouinal 

Pips 

Size 

Outside 

Diaheteb 

Nominal Wall Thicknesses fob Schedule Nuhbbbs 

Schedule 

10 

Schedule 

20 

Schedule 

30 

Schedule 

40 

Schedule 

60 

Schedule 

80 


0.405 




0.070* 


0.098* 


0.540 




0.090* 


0.122* 


0 675 




0.093* 


0.129* 


0.840 




0.111* 


0.151* 

U 

1.050 




0.115* 


0.157* 

1 

1.315 




0.136* 


0.183* 

114 

1.660 




0.143* 


0.195* 

IH 

1.900 




0.148* 


0.204* 

2 

2.375 




0.158* 


0.223* 

2i4 

2.875 




0.208* 


0.282* 

3 

3.5 




0.221* 


0.306* 


4.0 




0.231* 


0.325* 

4 

4 5 




0.242* 


0.344* 

5 

5 563 




0.263* 


0.383* 

6 

6 625 




0.286* 


0.441* 

8 

8.625 



0.283* 

0.329* 


0.510* 

10 

10.75 



0.313* 

0.372* 

0.510* 

0.606 

12 

12.75 



0.336* 

0.414 

0.574 

0.702 

14 0. D. 

14 0 

0.250 

0.312 

0.375 

0.437 

0.625 

0.750 

160. D. 

16 0 

0.250 

0.312 

0.37S 

0.500 

0.687 


18 0. D. 

18 0 

0 250 

0.312 

0.437 

0.562 

0.750 


20O.D. 

20.0 


0.375 

0.500 

0.562 




All dimensions are given m mches 

The deamal thicknesses hsted for the respective pipe sizes represent their nominal or average vail 
HiTiMynffiftwn and mdude an allowance for mill tolerance of 12 5 per cent tmder the nominal thickness. 

thicknesses marked with an asterisk in Schedules 30 and 40 are identical with thicknesses for standard- 
vinght pipe in former hsts, those m Schedules 60 and 80 axe Identical with thicknesses for extra-strong 
pipe in former li^ 

The Schedule Numbers indicate approximate values of the expression 1000 x P/SL 


627 







American Society of Heating and Ventilating Engineers Guide, 1937 


perature results in an increase in length of the pipe for which pro\nsion 
must be made The amount of linear expansion (or contraction in the 
case of refrigeration lines) per unit length of material per degree change in 
temperature is termed the coefficmit of linear expansion of that material, 
or commonly, the coefficient of expansion. This coefficient varies with 
the material. 

The linear expansion of cast iron, steel, wrought-iron, and copper pipe, 


Table 4 Nominal Weights of Welded Wrought-Iron Pipe 


Nouhull 

Fifu 

SCHXD 

10 

SCBXD 

20 

SCBXDIIIJI 

30 

ftlHKfUTT.H 

40 

SetuSDULE 

60 

- 

SCHBDULX 

80 

SlZB 

(Inghxb) 

Plain 

Pkm 

Flam 

Threads 

-ad 

Plam 

Threads 

Plam 

Flam 


Ends 

Ends 

Ends 

CouphngB 


Couphngs 

EnHB 


14 





0 25* 

■AliB 

.. 

■RKni 

Vi 





0.43* 

0 43* 


0.54'' 






0 57* 

0 57* 


0.74* 

li 





0.86* 



1.09* 





1.14* 

1.14* 


1.48* 

i ' 





1.68* 

1.69* 


2 18* 






2.28* 

2.29* 









2 72* 

2.74* 


3 64* 

2 





3.66* 

3.68* 


KiSni 

21/2 







5.82* 


7 67* 

3 





7 58* 

7.62* 


10.3* 


1 





9.11* 

9.21* 


12 5* 

4 1 

1 




10.8* 

10.9* 


15.0* 

5 





14.7* 

14.9* 


20 8* 

6 





19.0* 

19.2* 


28.6* 

$ 



24,7* 

KlliUi 

28.6* 

28.8* 


43.4* 

10 



34 3* 

35 0* 

40 5* 

41.2* 

"54 8* 

54.4 

12 



43 8* 

45 0* 

53.6 

55.0 

73.2 

88.6 

14 0. D. 

36.0 

44.8 

53 6 


62.2 


87 6 


16 0. D. 

41.3 

51.4 

61.4 


81.2 


111.0 


18 0 D. 

46,5 

57 9 

80.5 




136.0 


20 0 D. 

77 0 

■fitra 











i 



Weights are given in pounds per linear foot and are for pipe ^th plain ends except for sizes which are 
commercially available with threads and couplings for which both weights are listed 

'tWeights marked with an asterisk in Schedules 30 and 40 are identical with weights for standard^wnght 

£ ipe in former lists; thw m Schedules 60 and 80 are identical with weights for extra-, irong pipe in former 

EtS 

The Schedule Numbers indicate approximate values of the expression 1000 x P/S 


the materials most frequently used in heating and ventilating work, can 
be determined from Table 6. 

The elongation values in Table 6 were computed from the following 
formula: 

where 

Lt = length at temperature t d^^rees Fahrenheit, feet. 

Lo * length at 32 F, feet. 

t = final temperature, degrees Fahrenheit. 
a and b are constants as follows: 
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♦From Standanl Spedficationa for Copper Water Tube of the Arruncan Society for Testing MaienaJs, 
A S T,M» Designation B8S-33 


Expansion joints of the slip-sleeve, diaphragm, or corrugated types 
made of copper, rubber, or other gasket material are all used for taking 
up expansion, but generally only for low pressures or where the inherent 
flexibSity of the pipe cannot readily be used as in underground steam or 
hot water distribution lines. 

Swivel joints are used extensively in low-pressure ste^ and hot water 
heating systems and in hot water supply lines. The swivel joints absorb 
the expansive movement of tie pipe by the turning of thr^ded joints. 
In many cases tie straight pipe in the offset of a swivel joint is sufficiently 
flexible to take up the expansion without developing enough thrust to 
produce swiveling in the threaded joint. This is preferable since con- 
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tinued turning in the threaded joint may in time result in a leak, par- 
ticularly when the pressure is high. The amount of elongation which a 
swivel joint can take up is controlled by the length of the swing piece 
employed and by the lateral displacement which is permissible in the 
long pipe runs. 

^ Probably the most economical method of pro\'iding for expansion of 
piping in a long run is to take advantage of the directional changes which 
must necessarily occur in the piping and proportion the offsets so that 
sufficient flexibility is secured. Ninety-degree bends with long, straight 
tangents in either a horizontal or a vertical plane are an excellent means 
for securing adequate flexibility with larger sizes of pipe. When flexi- 
bility cannot be obtsdned in this manner, it is necessary to make use of 
some type of expansion bend. The exact calculation of the size of ex- 
pansion bends required to take up a given amount of thermal expansion 




Offset U bend 


Fig. 1 Measurement of L on Various Pipe Bends 


is relatively complicated^ The following approximate method, however, 
has been found to give reasonably good results and is deemed to be 
sufficiently accurate for most heating work. 

Fig. 1 shows several types of expansion bends commonly used for 
taking up thermal expansion. The amount of pipe, L, required in each of 
these bends may be computed from the following formula. 


i = 616yDA (2) 

where 

L — length of pipe, feet. 

D = outside diameter of the pipe used, inches. 

A >= the amount of expansion to be taken up, inches 

This formula, based on the use of mild-steel pipe with wall thicknesses 
not heavier than extra-strong, assumes a maximum safe value of fiber 
stress of 16,000 lb per square inch. When square type bends are used, the 
width of the bend should not exceed about two times the height. It is 
further assumed that the corners are made with screwed or flanged elbows 
or with arcs of circles having radii five to six times the pipe diameter. 

All risers must be anchored and safeguarded so that the difference in 

^Fiphu; Handbook, by Walker and Crocker, and A Manual for the Dea^ of Piping for Fleaibility by 
the Use of Graphs, by £ A. Wert, S Smith, and E. T. Cope, published by fht DetroU Edison Company. 
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length when hot from the length when cold shall not disarrange the 
normal and orderly provisions for drainage of the branches. 

^ It is especially necessary with light-weight radiators so to anchor the 
piping and so to give it freedom for expansion that no strain therefrom 
shall be allowed to distort the radiators. WTien expansion strains from 
the pipes are permitted to reach these light metal heaters they usually 
emit sounds of distress which are exceedingly troublesome. 


Table 6. Theiuial Expansion of Pipe in Inches per 100 Ft ® 


{For superheated, steam and other fluids refer to temperature column) 


SaTCBATED SlBAH 


ELONGiTiov nt Inches peb 
100 FT TEOU —20 F CT 


Sattsates Elongation in Inches fee IX 
StSAU ft FHOH —20 P CP 


Vacuum 
Inches 
of Eg 

Pressure 

Pounds 

Square 

Inch 

Gage 

Tem- 

perature 

Dopees 

Famen- 

httt 

Cast- 

Iron 

Pipe 

Steel 

Pipe 

Wrought 

Iron 

Pipe 

Copper 

Pipe 

Press ore 
Podsds 

Souare 

Inch 

Gage 

Tem- 

peratore 

Drarees 

Fanren- 

hat 

Ca8> 

Iron 

Pipe 

S-eel 

Pipe 

Wrought 

Iren 

Pipe 

Copper 

P.pe 



-20 

0 

0 

0 

0 

664 3 

500 1 3 847 

4.296 , 4 477 

6.110 



0 

0 127 

0 145 

0.152 

0.204 

795.3 

520 

4 020 

4.487 

4.677 

6.352 



20 

0.255 

0.293 

0.306 

0.442 

945.3 

540 

4.190 

4.670 

4.866 

6.614 



40 

0.390 

0.430 

0.465 

0.655 

1115.3 

560 

4.365 

4.860 

5.057 

6.850 

29.39 


60 

0.518 

0.593 

0.620 

0.888 

1308.3 

580 

4.541 

5. 051 

5 268 

7.123 

28.89 


80 

0.649 

0.725 

0.780 

1.100 

1525 3 

600 

4 725 

5.247 

5 455 

7.388 

27.99 


100 

0.787 

0.898 

0,939 

1.3381 

1768.3 

620 

4.89615.437 

5.660 

7.636 

26.48 


120 

0.926 

1.055 

1.110 

1.5701 

12041.3 

640 

5 082 

5.627 

5.850 

7.893 

24.04 


140 

1.051 

1.209 

1.265 

1.794 

2346 3 

660 

5.260 

5.831 

6.067 

8.153 

wtSwtm 


160 

1.200 

1.368 

1.427 

2.008112705 

680 

5.442 

6.020 

6.260 

8.400 

14.63 


180 

1.345 

1.528 

1.597 

2.255' 

3080 

700 

5.629 

6.229 

6 481 

8.676 

6.45 


200 

1 495 

1,691 

1.778 

2.500, 


720 

5.808 

6.425 

6.673 

8.912 


’""iT'i' 

220 

1.634 

1.852 

1.936 

2.720’ 


740 

6.006 

6.635 

6.899 

9.203 


10.3 

240 

1.780 

2 020 

2.110 

2.960 


760 

6.200 

6.833 

7.100 

9.460 


20 7 

260 

1.931 

2.183 

2.279 

3.189 


780 

6.3 S 9 

7.046 

7.314 

9.736 


34.5 

280 

2.085 

2.350 

2.465 

3.422 


800 

6.587 

7.250 

7.508 

9.992 


52.3 

300 

2.233 

2 519 

2.630 

3.665 1 


820 

6.779 

7.464 

7.757 

10.272 


74.9 

320 

2.395 

2.690 

2.800 

3.900* 


840 

6.970 

7.662 

7.952 

10.512 


103.3 

340 

2.543 

2 862 

2.988 

4.145 


860 

7.176 

7.888 

18.195 

10.814 


138.3 

360 

2.700 

3.029 

3.175 

4.380 


880 

7.375 

8.098 

18.400 

11.175 


180.9 

380 

2.859 

3.211 

3.350 

4.628 


900 

7.579 

8.313 

8.639 

11.360 


232 4 

400 

3.008 

3.3751 

3.521 

4.870 


920 

7.795 

8.545 

18.8671 

11.625 


293.7 

420 

3.182 

3 566 

3.720 

5 118 


940 

7.989 

8.755 

9.089 

11.911 


366.1 

440 

3.345 

3 740 

3.900 

5.358 


960 

8.200 

8.975 

9.300 

12.180 


451.3 

460 

3.511 

3 929 

4.096 

5.612 


980 

8.406 

9.196 

9.547 

12.473 


550.3 

480 

3.683 

4.100 

4.280 

5.855 


1000 

8.617 

9.421 

9.776 

12.747 


•From Filing Handbook, by Walker and Crocker This table gives the expansion from - 20 F to the 
temperature m question To obtam the amount of expansion between any two temperatures take the 
difference between the figures m the table for those temperatures For example, if a steel pipe is installed 
at a temperature of 60 F and is to operate at 300 F, the expansion would be 2 619 — 0 593 » 1 926 m. 


PIRB THREADS 

All threaded pipe for heating and ventilating inst^ations uses the 
American Standard taper pipe thread which is made with a taper of 1 in 
16 measured on the diameter of tiie pipe so as to secure a tight joint. 
Threads of fittings are tapped to the same taper. The numl^ of threads 
per inch varies with the Afferent pipe tiaes. All threaded pipe should be 
tnadp up with a thread paste suitable for the service under which the 
pipe is to be used. 
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HANGERS AND SUPPORTS 

Heating system piping requires careful and substantial support. Where 
changes in temperature of the line are not large, such simple methods of 
support may be utilized as hanging the line by means of rods or perforated 
strip from the building structure, or supporting it by brackets or on piers. 

When fluids are conveyed at temperatures of 150 F or above, however, 
hang^ or supporting equipment must be fabricated and assembled to 
permit free expansion or contraction of the piping. This can be accom- 
plished by the use of long rod hangers, spring hangers, chains, hangers or 
supports fitted with rollers, machined blocks, elliptical or circular rings of 
larger diameter than the pipe giving contact only at the bottom, or trolley 
hangers. In all cases, dlowance should be made for rod dearance to 
permit swinging without setting up severe bending action in the rods. 

For pipes of small size, perforated metal strip is often used. For 
horizontal mains, the rod or strip usually is attached to the joists or steel 
work of the floor above. For long runs of vertical pipe subject to con- 
siderable thermal expansion, either the hangers should be designed to 
prevent excessive load on the bottom support when expansion takes 
place, or the bottom support should be designed to withstand the entire 
load. 


TYPES OF FITTINGS 

Fittings for joining the separate lengths of pipe together are made in a 
variety of forms, and are either screwed or flanged, the former being 
generally used for the smaller sizes of pipe up to and including in,, 
and the latter for the larger sizes, 4 in. and above. Screwed fittings of 
large size as well as flanged fittings of small size are also made and are 
us^ for certain classes of work at the proper pressure. ^ 

The material used for fittings is generally cast-iron, but in addition to 
this malleable iron, steel and steel ^loys are also used, as well as various 
grades of brass or bronze. The material to be used depends on the 
character of the service and the pressure. 

As in the case of pipe, there are several weights of fittings manufactured. 
Recognized American Standards for the various weights are as follow: 

Cast-iron pipe flanges and flanged fittings for 25 lb (sizes 4 in and larger), 125 lb, and 
250 lb maxiinum saturated steam pressure. 

Malleable iron screwed fittings for 150 Ib maximum saturated steam pressure. 

Cast-iron screwed fittings for 125 and 250 lb maximum saturated steam pressure. 

Steel flanged fittings for 150 and 300 lb maximum steam service pressure. 

The allowable cold water working pressures for these standards vary from 43 lb for 
the 25 lb standard to 500 lb for the 300 lb steel standard. 

Screwed fittings include: nipples or short pieces of pipe of varying 
lengths; couplings, usually of wrought iron only; elbows for turning angles 
of either 46 deg or 90 deg; return bends, which may be of either the close 
or open pattern, and may be cast with either a back or side outlet; tees; 
crosses; laterals or Y branches; and a variety of plugs, bushings, caps, 
lo^-nuts, flanges and reducing fittings. Reducing fittings as well as 
bushings, both of which are used in changing from one pipe size to another. 
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may have the smaller connection tapped eccentrically to permit free drain- 
age of the water of condensation in steam lines or free escape of air in 
water lines. 

Fittings for copper tubing are available in the soldered, flared, or com- 
pression types. Illustrations of each of these t>pes is shown in Fig. 2. 
Fittings for copper pipe of IPS dimensions are available in screwed or 
soldered types of connection. 

The compression type fitting is generally limited to smaller size tubing 
while the flared and soldered types are used in large and small sizes. 
While no effort has been made to standardize dimensions of flared tube 
fittings, manufacturers have quite generally used S^,E. standard 
dimensions. Flared tube fittings are widely used in refrigeration work and 
the use of S.A.E, dimensions and a 45 deg flare renders most fittings 



SOLDER-TYPE nniNG 



REFRIGERATOR TYPE FLARED-TUBING FITTINGS SAE COMPRESSION TUBPNG FITTIMiS 



FLARED-TUBING FfTTINGS 


Fig 2. Copper or Brass Tubing Fittings 

interchangeable, although for refrigeration use, thread fits and tolerances 
on thread gages must be maintained within close limits. 

Ammonia pipe fittings made of cast iron are extensively used in handling 
refrigerants in lai^er installations. Until recently, no standard dimensions 
were adhered to in the manufacture of ammonia flanged fittings or com- 
panion flanges with the result that fittmgs of different manufacturers 
were not interchangeable. A subcommittee of A.S.A Sectional Com- 
mittee B16 has prepared proposed American Standard dimensions for 
ammonia flanged fittings and companion flanges for maximum service 
pressure of 300 lb per sq in. which will be available soon. 

Thread Connections 

Threads used for fittings are the same American Standard taper pipe 
threads as those used for pipe, and unless otherwise ordered, right-hand 
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threads are used. To facilitate drainage, some elbows have the thread 
tapped at an angle to provide a pitch of the connecting pipe of in. to 
the foot. These elbows are known to the trade as pitched elbows and are 
commercially available. Malleable iron fittings, like brass fittings, are 
cast with a round instead of a flat band or bead, or with no bead at all. 
Fittings are designated as male or female, depending on whether the 
threads are on the outside or inside, respectively. 

Flanged fittings are generally used in the best practice for connecting 
all piping above 4 in. in diameter. While screwed fittings may be used 
for the larger sizes and are satisfactory under the proper working con- 
ditions, it will be found difficult either to make or to break the joints in 
these large sizes. 

A number of different flange facings in common use are plain face, 
raised face, tongue and groove, and male and female. Cast-iron fittings 
for 126 lb pressure and below are normally furnished with a plain face, 
while the 250 lb cast-iron fittings are supplied with a J^e-inch raised face. 
The standard facing for steel flanged fittings for 150 and 300 lb is a 
14-inch raised face although these fittings are obtainable with a variety of 
facings. The gasket surface of the raised face may be finished smooth 
or may be machined witib concentric or spiral grooves often referred to as 
serrated face or phonograph finish, respectively. 

The dimensions of elbows, tees and crosses for 125 lb cast-iron screwed 
fittings are given in Table 7, whereas the dimensions for 125 lb cast-iron 
flanged fittings are given in Tables 8 and 9. 

For low temperature service not to exceed about 220 F, a number of 
paper or vegetable fiber gasket materials will prove satisfactory; for plain 
raised face flanges, rubber or rubber inserted gaskets are commonly 
employed. Asbestos composition gaskets are probably the most widely 
used, peirticularly where the temperature exceeds 250 F. Jacketed 
asbestos and metallic gaskets may be used for any pressure and tem- 
perature conditions, but preferably only with a relatively narrow recessed 
facing. 

WELDING 

Erection of piping in heating and ventilating installations by means of 
fusion welding has been commonly accepted in the psist few years as a 
competitive method to the screwed and flanged joint. Since the question 
of economy of welding as against the use of screwed and flanged fittings 
is dependent on the individual job, the use of welding is generally recom- 
mended on the basis of a greatly reduced cost of maintenance and repair, 
of less weight resulting from the^ use of a lighter-weight pipe, and of 
increased economy in pipe insulation, hangers, and supports rather than 
on the basis of any economy that might be effected in actual erection by 
welding. 

Fusion welding, commonly used in erection of piping, is defined as the 
process of joining metal parts in the molten, or molten and vapor states, 
without the application of mechanical pressure or blows. Fusion welding 
embraces gas welding and electric arc welding, both of which are com- 
monly used to produce acceptable wdds. 
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Welding application requires the same basic knowledge of design as do 
the other types of assembly, but in addition, requires a generous know- 
ledge of the sciences involved, particularly as to welding qualities of 
metal, their reaction to extremely high temperatures, and the ability* to 
determine and use only the best qualit>" wel&ng rods. This requirement 
applies equally to employer and employee with the employer accepting 

Table 7. Tentative American Standard Dimensions of Elbows, 45 Deg Elbows, 
Tees, and Crosses (Straight Sizes) for 125 Lb Cast-Iron Screwed Fittings 
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1.95 
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0.70 
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3.79 
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1 12 



0.310 
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2.00 
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0 880 

16.94 

16 O . D . 

11.82 

— 

2 20 

2 20 

16 000 

16.100 

1.000 

19 30 
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All dimenaaons given m inches 


all of the responsibility. Thus the employer should select his welding 
mechanics with good jud^pent, provide them with first-dass equipment 
and tools, arrange for their training and use of acceptable workmanship 
standards, and at regular intervds subject their work to prescribed trats. 
Industry will not accept the emplojment of mechanics of undetermined 
ability nor on the basis of past experience. Neither does industry accept 
the statement that a wdd is only as good as the workman who makes it. 
The control Codes now in process of adoption will be the law governing 
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the use of the welding process. These Codes prohibit individual practices 
contrary to their specified procedure and rules of control, and this is 
predicated upon the sound requirement that the employer must assume 
full responsibility for the deposited weld. 

It is advisable that this management responsibility be included in all 
welding specifications and that authoritative s^dards of workmanship 
also be specified. The standards of workmanship for this industry are as 
set forth in the Standard Manml on Pipe Welding of the Heatings Piping 
and Air Cond^tioning Contractors National Association. 

A complete line of manufactured steel welding fittings is now available 

Table 8. American Standard Dimensions of Tees and Crosses (Straight Sizes) 
FOR 125 Lb Cast-Iron Flanged Fittings 
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All dimensLoxis given in inches 

sSize cf all fittings listed indicates nominal made diazneto* of porL 

bTees, ride outlet tees, and crosses, 16 m and smaller, reducmg on the outlet, have the same dimenaons 
center to face, and face to face as straight size fittings corresxxmdlng to the size of the larger oi>ening. 
Sizes 18 in. and larger, redudhg on the outlet, are made m two lengths, depending on the size of the outlet 
cTees and crosses, reduang on run only, carry same dimenaons center to face and face to face as a 
straight size fitting of the larger oxiening 


636 













Chapter 34 — Pipe, Fittings, Welding 


with plain ends machine beveled for welding and with radii similar to 
short and long radius flanged fittings. Some t 3 ^ical t\"pes of these fittings 
are shown in Fig. 3. They are made in pipe sizes % to 24 in., standard 
and extra heavy, in steel, wrought iron, brass, copper, and special alloys. 

Socket welding fittings of forged steel are also commercially available. 
These fittings have a machined recess into which the pipe slips. A fillet 
weld between the pipe and socket edge provides a pressure-tight joint. A 
proposed American Standard containing dimensions of steel welding-neck 
flanges for pressures up to 1500 lb per sq in. has been developed in -4.5.4 


Table 9 American Standard Dimensions of Elbows for 
125 Lb Cast-Iron Flanged Fittings 
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Ifie 
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12 

12 
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21H 
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16 OD. 

15 

24 
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16M 

26 

814 

25 
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18 

29 
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IH 
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22 

34 
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iM 
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25 
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49 
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21 

53 
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AU dimensioxis given in inches 

•Size of aU fittings listed indicates nonunal inside diameter of port 

hRedndng elbows and side outlet dbows carry same dimensions center to face aa straight size elbows 
corresponding to the size of the larger opemng. 

•Special degree elbows, ranging from 1 to 45 deg. inclusive, have the same center to face dimensiona 
as given for 45 d^ elbows and those over 45 deg and up to 90 deg. inclusive, shall have the same center to 
f ace given for 90 deg elbows* The angle designation of an elbow is its deflection from atraight 

fine flow and is the angle between the fl a n g e faces 

dSde outlet elbows shall have all opemngs on intersection center-hnes. 
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Sectional Committee B16. Tables 10 and 11 give these dimensions for 
welding-neck flanges suitable for 150 and 300 Ib per sq in. gage pressure. 

VALVES 

Valves are made with both threaded and flanged ends for screwed and 
bolted connections just as are pipe fittings. 

The material used for valves of small size is generally brass or bronze 
for low pressures and forged steel for high pressures, while in the larger 
sizes either cast-iron, cast-steel or some of the steel alloys are employed. 



a. Typical Short Radius Elbows 



b. Tee 


c. Forged Cap d Concentric 
Reducer 


e. End 
Closure 


Fig. 3. Typical Welding Fittings 


Practically all iron or steel valves intended for steam or water work are 
bronze-mounted or trimmed. 

Brass, bronze, and iron valves are generally designed for standard or 
extra heavy service, the former being used up to 125 lb and the latter up 
to 250 lb saturated steam working pressure, although most manufacturers 
also make valves for medium pressure up to 175 lb steam working pres- 
sure. The more common types are gate valves or straightway valves, 
globe valves, angle valves, check valves and automatic valves, such as 
reducing and back-pressure valves. 

Gate valves are the most frequently used of all valves since in their open 
position the resistance to flow is a minimum. These valves may be 
secured with either a rising or a non-riang stem, although in the smaller 
sizes the rising stem is more commonly used. The rising stem valve is 
desirable because the positions of the handle and stem indicate whether 
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the valve is open or closed, although space limitations may prevent its 
use. The globe valve is less expensive to manufacture than the gate 
valve, but its peculiar construction offers a high resistcince to flow and 
may prevent complete drainage of the pipe line. These objections are of 
particular importance in heating work. 

Check valves are automatic in operation and permit flow in only one 
direction, depending for operation on the difference in pressure between 


Table 10. Proposed Dimensions of Steel Welding Neck Flanges for 
Maximum Steam Service Pressltue of 150 Lb per Sq In. 

(Gage) at a Temperatxuie of 500 F, and 100 Lb at 750 F 



Nominal 

PlPH 

fiwna 

Tyyinu 

or 

Flanus 

Tezcensbs 

OP 

Flg Met 

t rVrA'U'BTwn 

or 

Hub 

Hub Diam 
Begetninu 

or CHAMiTEB 

LxngtbI 
Thbu i 
Hub 

Dzam for 
Stanbabd , 
1 Pipe , 

( 

1 Diam or j 
' Bolt 
' Cibcle 

1 

> No ' 

; OP 

1 Bolts 

1 

1 SlZB 

1 or 

1 Bolts 

1 

0 

0 

J 1 

1 ^ 

r 1 

I A 

1 

4M j 

J'J6 

: IWei 

i 1.32 ' 

;2?i6 

1 05 1 

I 3% ; 

4 

i H 

IM 

m 

H 1 

2Ha 

166 i 

1214 

1 38 i 

! 3% 

1 4 j 


iji 

5 

?I6 

2^ia \ 

1 90 ! 

!2J'16 

1 61 


! 4 i 


2 

6 

% 

3^6 

2.38 

2% 

: 2.07 : 

, 

1 4% ' 

' 4 


2% 

7 


2Ha 

2.88 

2% 

2.47 1 

1 5% 

4 

% 

3 

7^ 

H 

4k 

3.50 

2H 

3.07 ; 


4 

% 



^Ma 

4ik'6 

4.00 

2^ia 

3.55 

7 

8 

% 

4 

9 ! 


5^6 

4.50 

3 

4.03 

7% 

8 

% 

5 

10 ! 

i5i'6 

6'Ha 

5.56 

3% 

5.05 

8% 

8 

% 

6 

11 1 

1 

75^5 

6 63 

3% 

6 07 

9% 

8 

% 

8 

13J4 1 

m 


8.63 

4 

7.98 

ii?-4 

8 i 


10 

16 

l?f6 

12 

10 75 

4 

10.02 

14% 

12 

% 

12 

19 

iM 

IW 

12.75 

4% 

12.00 

17 

12 

% 

14 0.D. 

21 


15% 

14.00 

5 

13.25 

18% 1 

12 

1 

160.D. 

23H 

Wa 

18 

16.00 

S 

15.25 

21% 

16 

1 

18 0. D. 

25 

We 

19% 

18.00 

5% j 

17.25 1 

22% 1 

16 


200 D. 

27J^ 

mfe 

22 

20 00 

SWe 

19.25 

25 

20 


24 0.D. 

32 


26% 

24 00 

6 

23.25 

29% 

20 

1% 


All dlmensiozis given m inches 

A raised face of Hs in is included in tktckness of Jlange mtmmum. 

It IS recommended that the taper of the hub should not exceed 6 deg for a reasonable distance back 
of the chamfer in order to reduce the heat trazufer while weldmg 


the two sides of the valve. The two principal kinds of check valves are 
the swing check in which a flapper is hinged to swing back and forth, and 
the lift dieck in which a dead weight disc moves vertically from its seat. 

Valves commonly used for controlling steam or water supply to radi- 
ators constitute a special class since they are manufactured to meet 
heating system requirements. These valves are generally of the angle 
type and are usually made of brass. Graduations 'on the heads or lever 
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handles are often supplied to indicate the relative opening of the valve in 
any position. Standard roughing-in dimensions for angle-type valves 
are given in Table 12. 

Automatic control of steam supply to individual radiators can be 


Table 11. Proposed Dimensions of Steel Welding Neck Flanges for 
Maximum Steam Service Pressure of 300 Lb per Sq In 
(Gage) at a Temperature of 750 F 
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*For sizes below 2 m use dizoensioxis of 600 lb flanges 
All dimensions given in inches. 

A raised face of ^ m is included in ihtckness qf flange mtntmum 

It 18 recommended that the taper of the hub should not exceed 6 deg for a reasonable distance back 
of the chamfer m order to reduce ^e heat transfer while welding 


efifected by use of direct-acting radiator valves having a thermostatic 
dement at the valve, or near to it. The direct-acting vdve is usudly an 
angle-type valve containing a thermostatic element which permits the 
flow of steam in accordance with room temperature requirem^ts. These 
valves usually are capable of adjustment to permit variation in room 
temperature to suit individual taste. 

Ordinary steam valves may be used for hot water service by drilling a 
J^J-in. hole through the web forming the seat to insure sufflcient circulation 
to prevent freezing when the valve is dosed. Valves made particularly 
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for use in hot water heating systems are of less complex design, one type 
consisting of a simple butterfly valve, and another of a quick opening t\"pe 
in which a part in the valve mechanism matches up with an opening 
in the valve body. 

In one-pipe steam-heating systems, automatic air valves are required 
at the radiators. Two common types of air valves available are the 
vacuum type and the straight-pressure type. Vacuum valves permit the 
expulsion of air from the radiators when the steam pressure rises and, in 
addition, act as checks to prevent the return of air into the radiator when 


Table 12. Standard Roughing-in Dimensions Angle Type Val\'es 



All dimensioiu giyen m inches. 

Connecting ends shall be thieaded and gaged as to threading according to the American (Taper) Pipe 
Thread Standard, ASA. No. B2 — 1919, 

The standardization of the Roughing-in Dimensiona of Angle Steam and Hot Water, and Modulatmg 
Radiator Valves made possible by the cooperation of the Manufacturers S tandardi z a tion Soaety of 
the Valves and Fittings Industry. 

a vacuum is formed by the condensation of stea m aifter the supply pressure 
has dropped. Ordinary air valves permit the expulsion of air from the 
radiator when steam is supplied under pressure, but when the pressure 
dies down and a vacuum tends to be formed the air is drawn back into 
the radiator. 

A system operating continuously or intermittently and supplied with 
vacuum valves will generally heat more quickly than one provided with 
non-vacuum air valves; thus, it will effect considerable economy of fuel 
because the idle period during which no heat is delivered is shortened. 
In those cases, where a system is equipped with vacuum air valves and 
which has been cold for several days, the system will probably have an 
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internal pressure within the radiator closely approaching atmospheric. 
At such times, the vacuum valve will not vent the system^ any more 
rapidly than the ordinary type. Automatic air valves are provided with a 
float to dose them in case the radiator becomes flooded with water because 
it does not drain properly. 


CORROSION^ 

Corrosion is sometimes encountered in heating work on the outside of 
buried pipes or the inside of steam heating systems; it is seldom ex- 
perienced in hot water heating systems unless the water is frequently 
renewed. Piping buried in the ground is quite successfully protected by 
coatings of the asphaltic type which are usually applied hot and often 
reinforced with fabric wrappings. Galvanizing by the hot-dip process and 
painting with spedally prepared mixtures also afford some protection. 

Internal corrosion in steam heating systems occurs prindpally in the 
condensate return pipes and is nearly always caused by oxygen or carbon 
dioxide, or botib, in solution in the condensate. Oxygen may enter the 
heating system with the steam, owing to its presence in the boiler-feed 
water, or it may enter as air through small leaks, particularly in systems 
which operate at sub-atmospheric pressures. V^en a steam heating 
system is operated intermittently, air rushes in during each shutdown 
period and oxygen is absorbed by the condensate which clings to the 
interior surfaces of the pipes and radiators. The rate of corrosion depends 
upon the amounts of oxygen and carbon dioxide present in solution, upon 
the operating temperature, and upon the lengdi of time that the pipe 
surfaces are in contact with gas-laden condensate. 

Another possible cause of corrosion is a flow of electric current some- 
times resulting from faulty electrical drcuits which should be corrected. 
Electrolytic corrosion also may occur because of the presen^ of two dis- 
similar metals, sudi as brass and iron, but the condensate in practically 
ail steam heating systems is such a weak electrolyte that this cause of 
corrosion is very infrequent. 

If trouble is experienced from corrosion, o^gen should be eliminated 
from the feed water by proper deaeration with commercial apparatus. 
The elimination of the oxygen due to air leakage is more difficult because 
of the multitude of small leaks which exist around valve stems and in 
pipe joints. In vacuum systems, however, an attempt should be made 
to minimize such leakage. 

Carbon dioxide in varying amounts is contained in steam produced 
from the majority of water supplies. It is formed from the breaking down 
of carbonates and bicarbonates which are present in nearly all natural 
waters. It can be partly removed by chemical treatment and deaeration, 
but ffiere is no simple method whereby it can be entirely eliminated. 

These gases cause corrosion only when in solution in the condensate; 
when they are mixed with dry steam their corrosive effect is negligible. 


sNew- Light on Heating System Corrosion, by J H. Walker (Heattng and May, 1933) Cor- 

rosion Studies m Steam Heating Systems, by R R. Seeber. F. A Rohrman^ G. E. Si^l^. (AS H V.E 
Transactions, Vol 40, 1934) Corrosion Studies m Steam Heating Systems, by It R. ^ber. F A. 
Eohrman and G. E. Smedbeig, (A S H.V E. Journal Section, Heaitng, Ptptng Aw Condti^Hg, 
February, 1936). Tests of a Gas Vapor Heating System, by R. R Seeber, G E. Smedberg and A E. Felt, 
(A S H.V E. Journal Section, Heahng, Ptptng and Apt Condtitontngy April, 1936) 
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The amount of gas in solution depends upon the partial pressure of that 
gas in the atmosphere above the surface of the solution, in accordance 
with the well known physical law of Henry and Dalton*. The exact 
application of this law, however, assumes equilibrium conditions which 
do not always exist under the flow conditions prevailing in a heating 
system. 

Distinction should be made between corrosion in heating systems proper 
and in the condensate discharge lines from other apparatus using steam, 
such as water heaters, kitchen equipment, and sterilizers. Experience 
has shown that in heating systems the psirtial pressures of the gases do 
not reach such magnitudes as to cause harmful amounts of gas to become 
dissolved in the condensate when steam supplies are of reasonable purity. 
In other kinds of steam-using apparatus which are not ordinarily wdl 
vented, the gases tend to accumulate in the steam space and to become 
dissolved in the condensate in appreciable concentrations. Con^quently, 
corrosion is frequently observed in the condensate discharge lines from 
such apparatus, but this does not necessarily indicate that equally serious 
corrosion is taking place in the heating system supplied with steam from 
the same source. 

When corrosive conditions are believed to exist, their seriousness should 
be determined by actual measurement, rather than by inference from 
isolated instances of pipe failures. The Nattanal District Heating Associa-- 
tion has perfected a corrosion tester for measuring the inherent corrosive- 
ness of existing conditions. This corrosion tester consists of a frame sup- 
porting three coils of wire which are carefully weighed. After the tester 
has been inserted in the pipe line for a definite lengA of time, the loss of 
weight of the coils, referred to an established scale, indicates the relative 
corrosiveness of the condensate. Accompanying such corrosion measure- 
ments, a careful chemical analysis should be made of the condensate, and 
the findings will serve as a basis for an intelligent study of the problem. 

Corrosion, if found to exist, can be lessened or overcome by ^veral 
means. If the steam supply is found to be definitely contaminated, 
proper chemical treatment of the water, followed by deaSration, is an 
obvious remedy. The leaks in the piping system, particularly in vacuum 
systems, should be stopped so far as is practicable. 

Some success has been reported with the use of inhibitors, chief among 
which are oil, and sodium silicate. Oil may be fed into the main steam- 
supply pipe by means of a sight-feed lubricator. The type of oil known as 
600-W is usually recommended. In the present state of knowledge on 
this point, the quantity to be fed can best be determined by trial. The 
use of sodium silicate, fed in a similar manner, is reported to be successful 
but it has not been widely used. 

In view of the fact that corrosion is most fr^uently found in the 
return lines from special equipment, which constitute a relatively small 
part of the total piping in a building, a simple ^lution of the corroaon 
problem may be to use non-corroding materials in those certain portions 
of the piping system, since the higher cost will usually be an unappreciable 
portion of the total. Brass and copper are undoubtedly less subject to 

aSome Fundamental Considerations of Corrosion in Steam and Condensate lines, by R. E. Hall and 
A R. Mumford (A S H.V E. Transactions, Vol 38, 1932). 
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this type of corrosion than the ferrous metals, and considerable attention 
is now being given to corrosion-resistant linings for ferrous pipe. Cast- 
iron pipe, sometimes alloyed with other metals, also deserves con- 
sideration. 


PROBLEMS IN PRACTICE 

1 # What is the zneaning of IPS brass pipe? 

It means that the brass pipe has the same external diameter as steel pipe in the same 
nominal pipe size and that the wall thickness is sufficient to allow cutting of threads for 
use with standard size threaded fittings 

2 • Why is thin-walled copper pipe made up with sweated joints? 

If the pipe were threaded it would be necessary to use at least standard-weight wall 
thickness on account of the metal removed in threading. Flared ends with coupling nuts 
may be used, but this construction is expensive and hard to keep tight 

3 • How are pipes designated in diameters of 12 in. and less? 

By weight and nominal size, referring to the approximate inside diameter 

4 • How are pipe sizes designated in diameters of 14 In. and more? 

By wall thickness and outside diameter 

5 • Why are expansion joints required in steam pipes? 

To care for the change in length of the line brought about by a change in temperature. 

6 # What devices are used for taking up expansion? 

Expansion joints, swivel joints, and the inherent flexibility of the pipe itself. 

7 • Where are swivel joints principally used? 

In branch connections to radiators, and m the risers of multi-story buildings where they 
are installed between the floor joists. 

8 • Name three grades of American Standard screwed pipe fittings. 

123-lb cast-iron, 160-lb malleable iron, and 250-Ib cast-iron 

9 # In what sizes are American Standard cast-iron flanges and flanged fittings 
for 25-lh saturated steam pressure made? 

In nominal sizes from 4 in. to 72 in., inclusive. 

10 • What fittings are generally used for threaded connections in low pressure 
heating systems? 

Cast-iron. 
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Chapter 35 


WATER SUPPLY PIPING AND WATER 
HEATING 


Maximum, Pifssible Flotc^ Maximum Probable Flotc, Average Probable 
Flow, Factor of Usage, Kind of Pip e Used, Sixing of Risers, Sising of 
Mains, Sixing of Systems, Hot Water Sumly, Hot Water Heating, 

Hot Water Storage, Stcimming Pool Heating Requirements 

D omestic water supply systems present the engineer with a design 
problem that requires combining the somewhat empirical rules and 
formulse in use with the more or less exact hydraulic principles involved. 
Unlike heating and ventilating layouts, there are practically no definite 
data for estimating the quantity of water likely to be consumed or the 
probable rate of water flow at any particular moment. 

Metered results in one building often show two or three times the 
metered amount in another building of the same size and with the same 
type of tenants. In hotels, one riser will often have an almost constant 
flow that may never be reached by another at peak load- In office 
buildings, the women's toilets show a far greater daily consumption than 
those of the men, yet at no time will they approach the hourly consump- 
tion of the men’s toilet during the first hour of the day. This condition 
has led to a multiplicity of rules of practice which vary as much as the 
data used. All must of necessity be based on an assumed rate of con- 
sumption and on an assumed probability of simultaneous use, and while 
the formulae employed may have been derived on sound technical basis 
the assumptions are often in error. 

To arrive at a safe standard, the approximate rate of flow of each 
fixture to be supplied must be known and the probable number of fixtures 
in use at any one time must be assumed. Obviously, the maximum 
number of fixtures assumed to be in use must be taken at the peak of 
demand and the lines must be made adequate to supply such a peak 
regardless of the riser or branch on which the demand may occur. This 
means that all water piping under the usual conditions will be over-abeed. 

In tall buildings it is customary to divide the water supply systems, 
both hot eind cold, into sections of 10 to 20 stories. Such zoning or 


Ut la unpractical to attempt to aize pipms so as to produce tbe proper pressure on fixtures at difEerent 
lev^ by enqiloyixig fncdon. owing to the fact that this friction will be bunt up to the amount desred only 
in times of maximum at all other the friction will be only a fraction of the maximum 

friction so that the fixtures by this method are subjerted to a varying pressure on tbe water supply hne. A 
much more practical method is to throttle the flow at tbe fixture, to use flow regulatms, so that the 
Quantity of water ddivered will approxiinate the fixture demands and so that this m accomplished without 
splashing tx noise. 
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sectionalizing is for the purpose of avoiding excessive pressures on the 
fixtures in the lower stories of each system. This limits the consideration 
of water pipe sizes to horizontal mains and to risers not exceeding 20 
stories in height or about 200 ft. 

For the purpose of this chapter the following terms will be used and 
should be clearly distinguished from one another: 

Maximum Possible Flow : The flow which would occur if the outlets on all fixtures 
were opened simultaneously. This condition is seldom, if ever, obtained in actual 
practice except in cases of gang showers controlled from one common valve, and similar 
conditions 

Maximum Probable Flow: The maximum flow which any pipe is likely to cany 
under the peak conditions. This is the most important amount to be considered in 
pipe sizing. 

Average Probable Flow: The flow hkely to be required through the line under 
normal conditions. 


It is evident that any pipe adequate to take care of the maximum 



Fig. 1. Chart Showing Relation Between Maximum Possible Flow and 
Maximum Rrobable Percentage of Use 

probable flow will also be more than able to take care of the average 
probable flow ^ and hence the latter has no bearing on the pipe size. 

MAXIMUM PROBABLE FLOW 

There are two factors to be considered in calculating the maximum 
probable flow, namely, (1) the quantity of water that will flow from the 
outlets when they are open, and (2) the number of outlets likely to be open 
ai the same time. Table 1 shows the maximum approximate rate of flow 
from each fixture when it is in use, and will serve as a gmde in estimating 
maximum probable flow demands although there is considerable variation 
in different fixtures and valves. Probably the flow under normal water 
pressures, or with the pressure properly throttled, will not differ greatly 
from tihe values stated. With the aid of this table it is possible to calculate 
the maximum possible flow with all outlets open in both the hot and cold 
water lines. 
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To obtain the maximum probable flow it is necessary to multiply the 
maximum possible flow by a factor of usage, and this factor varies with the 
installation and the number of fixtures in the installation. It is evident 
that with two fixtures it is quite possible that both will at some time be in 
operation simultaneously. With 200 fixtures, it is unlikely the entire 
200 would ever operate at the same time. Consequently, the factor of 
usage reduces as the number of fixtures becomes greater, all other things 
being equal. 

Table 1 Approximate Flow from Fixtures Under Normal Water Pressxtres 


, Cold Watf*. ' Hot Wates 
(Gallons peb *,Oulon5 peb 
MiXUTE . illNTTB; 


Water-closets, flush valve 

Water-closets, flush tank 

Urinals, flush valve 

Urinals, flush tank. 

Unnals, automatic tank 

Urinals, perforated pipe per foot. 

Lavatones 

Showers, 4 in. heads, H in. miets 

Showers, 6 in. heads or larger 

Needle bath 

Shampoo spray 

Liver spray 

Manicure table 

Baths, tub. 

Kitchen smk 

Pantry sink, ordinary 

Pantry smk, large bibb 

Slop sinks 

Wash trays 

Laundry tray 

Garden hose bibb 





AActoal tests on wateivdoBet flush valves indicate 40 gpm as the maximnm rate of flow with 30 lb pres- 
sure at the valve; this would increase to 60 gpm (about 50 per cent) at 90 lb pressuze. The 45 gpm nas been 
tulr^Ti as an average flow; possibly, with very low pressures just sufSaent to operate the flush valve, 30 gpm 
could be allowed with safety Urinal flush valves would vary iiroportionately m the same manner 


In practice all the elements will vary accorcflng to conditions ; in tie case 
of flush valve closets the duration of flush with the kind and condition of 
supply apparatus, tie interval between flushes with the number of people 
using the system and their habits; and the length of the rush period with 
the type of installation and its location. The effect of each of these time 
elements on the results should be considered in connection with any data 
on which it is based before passing judgment on the selection of the 
factor of usage. The longer Ae duration of the flush the greater is the 
probability of overlapping flow. In selecting the factor of us^e shown in 
Fig. 1 for systems having flush valves, 10 seconds was chosen as the 
maximum duration of flush, a value ^at represents an approximate 
average as water closets axe installed. 

While the curve has been calculated for systems composed of water 
closets alone, it is possible to calculate probabilities for mixed systems of 
water closets and other smaller fixtures. It has been foimd however that 
for two sj^ems both having the same maximum possible flow, one com- 
posed entirely of water closets and the other a mixed system of water 
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closets and smaller fixtures, the probability of a given rate of flow is 
greater for the system composed of water closets than for the mixed 



system. The use of this chart then would produce results which would be 
on the safe side for mixed systems. 

For systems composed entirely of fixtures other than flush valve 
fixtures the curve has been extended for smaller maximum possible flow 
values. 
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This chart applies to a normal building and not to installations where 
the inmates may all be required, for instance to bathe on certain days of 
the week and at certain hours of those days, or in schools for example 
where all the showers in the gymnasium may be used simultaneously 
after instruction periods. In such special cases a new factor of usage must 
be developed based on the maximum probable usage under the conditions 
involved 


Example 1 . Assume that in a normal building, such as a residential hotel or an apart- 
ment house, there are 50 flush valve water-closets, 50 lavatories, 50 sinks and 50 baths, 
and that it is desired to determine the maximum probable flow in a line 8uppl}dng all of 
these fixtures with both hot and cold water 


Cdd Water 

50 W. C z 45 gpiOL. 2250 gpm 

50 Lavs, z 3 gpm 150 gpm 

50 Sinks z 4 gpm 200 gpm 

50 Baths z 5 gpm 250 gpm 


Mazimnm possible flow..-J2850 gpm 

Fig. 1 shows a factor of 
usage of 9 per cent 

Mazimmu probable flow of 

cold water is 2850 X 0 257 gpm 


Hot Water 

SO Lavs z 3 gpm 150 gpm 

50 Sinks z 4 gpm 200 gpm 

50 Baths z 5 gpm 250 gpm 


Mazimum possible flow 600 gpm 

Fig. 1 shows a factor of 
usage of 23 per cent 
Mazimum probable flow of hot 

water is 600 X 0 23 138 gpm 

Total for main supplying cold 
and hot water (2850 + 

600) X 008 276 gpm 

It should be noted that this is a rate of flow or 
an imtaiOaneous demand 


KIND OF PIPE USED 

Before entering into the actual sizing of pipe, it is necessary to consider 
the kind of pipe to be used, and to make suitable allowance for corrosion 
and fouling during the lifetime of the^ system. For example, if brap, 
copper or alloy pipe is contemplated, it is probable that the quantiti^ 
indicated in Example 1 are ample; if galvanized pipe is to be used, then it 
is quite likely that after a period of say 16 years the area may be decreased 
as much as 26 per cent and the quantitities of water assumed should be 
increased by 35 per cent to allow for this reduction of area; if the water 
contains lime it is possible that 50 per cent of the area may be lost and in 
such cases the flow should be doubled and no branch pipe connected to 
fixtures should be less than ^ in. In all of the following calculations, Ae 
assumption is made that the water is fairly good and that a corrosion 
resistant t 5 ^e of pipe is to be used. 

SIZING A DOWN-FEED RISER 

Down-feed systems are commonly u^ for tall buildings. In sizing a 
riser arranged for down-feed, the gravity head permts a pressure drop 
that is almost prohibitive in an up-feed riser. There is a gain in riser head 
of 0.43 X 100 or 43 lb per 100 ft of run and hence it is quite permissible 
to size such a riser on the basis of a pressure drop of 30 lb per 100 ft of run, 
as the difference between the 43 lb generated and the 30-lb drop under 
mAyimu Tn probable demand is ample to take care of the friction caused by 
the fittings. This method appli^ to the typical riser shown in Fig. 2 
gives the schedule of sizes indicated in Table 2 for any flow from 5 to 250 
gal. 
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SmNG AN UP-FEED RISER 

WTien the riser is an up-feed, the opposite condition occurs; that is, 
there is a drop in pressure as the top of the riser is approached, due to the 
natural reduction in the gravity pressure, and to this must be added the 
pipe friction plus that introduced by the pipe fittings, all of which produce 
an excessive drop when compared to the conditions existing with a down- 
feed riser. 

To size an up-feed riser the minimum pressure of the street main, or 
other source of supply, should be ascertained and from this should be 
subtracted the pressure to be maintained at the highest fixture, namely, 
16 lb per square inch, plus the height in feet above the source of water 
pressure, multiplied by 0.43 to change from feet of head to pounds of 
pressure. The total length of run from the source of pressure to the 
farthest and highest fixture should be ascertained, and this should be 
changed to equivalent length of run to allow for the loss occasioned by 


Table 3 Approximate Allowances for Fittings and Valves 
IN Feet of Straight Pipe 


SCEBOr PiPB 
(iNCHZa) 

Ttjb of FrrTDio ok Valv* 

90-Des 

Elbow 

45 -Deg 

Elbow 

Return 

Bend 

Gate 

Valve 

Gbbe 

Vabe 

An^ 

Valve 


4 

3 

8 

2 

48 

8 

% 

5 

3 

10 

3 

60 

10 

1 

5 

3 

10 

3 

60 

10 


6 

4 

12 

3 

72 

12 

IS 

7 

5 

14 

4 

84 

14 

2 

7 

5 

14 

4 

84 

14 



7 

20 

5 

120 

20 

3 

12 

8 

24 

6 

144 

24 

4 

18 

13 

36 

9 

216 

36 

5 

25 

18 

50 

13 

300 

50 

6 

30 

21 

60 

15 

360 

60 


the pipe fittings. Table 3 gives the additional lengths necessary to allow 
for the various fittings and valves- The drop allowable in pressure per 
100 ft of run may then be obtained by multiplying the surplus pressure 
(over that required for the gravity head and to supply 16 lb at the fixture) 
by 100 and by dividing this by the equivalent length of run to the farthest 
or highest fixture. 

Where street water pressures are available the pressure drop through 
the meter and service pipe must be taken into consideration- Table 4 
shows the pressure loss through meters. It also gives the minimum sizes 
of recommended service and maximum meter deliveries. 

Example 2, Assume a street pressure of 60 lb, the height of the highest fixture 50 ft, 
and the Iragth of the longest run 200 ft. Without knovdng the additional length of pipe 
to be added for the fitting it will be assumed that this is about 100 ft. The surplus 
pressure which be avaulable for pressure drop will then be 60 lb — (15 lb -f 50 ft X 
0.43 lb) * 60 lb - (15 lb -f 21.5 lb) - 23.5 lb. 

To change this into drop per 100 ft: = 7.8 lb per 100 ft. 

The pipe may then be sized from the maidmum probable flow by selecting a size that 
does not give a drop in excess of 7.8 lb per 100 ft. 
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^ It will be seen from Example 2 that it is impossible to size up-feed 
risers without determining the drop allowable in both the horizont^ feed 
mains and the toilet room branches. Ha\'ing once ascertained this allow- 
able drop, it is simply a matter of applying it throughout the system. 

Table 4. Pressltie Loss Through Water Disc Meters* 

A,WWA Standards 


Amox pRzasrBi Loss Thsocgb MiTiBa, 
Lb pxbSqIn 
P xpa Sm (Is ) 




Aitboz. MmDCOK Fin Sizi or Sbetzci, 
Mun to MaxiB (In ) 
MiYTwmf Lbhokb (Ft) 


CiAPACCFr, One 
Baod ox 25 Ia Loss 
TBBO irea Mxxsb 



•Pressure loss through compound and cotxent xnetovare less thansbownm table. Forexact infonnatloii 
consult marntfactuiers. 
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HORIZONTAL SUPPLY MAINS 

The horizontal mains supplying the risers at the top of a down-feed 
system must be liberally sized unless the house tank is set at a much 
higher elevation than usual. To pro-vnde a gra\*ity head on the highest 
fixtures of 15 lb per square inch it is necessary for the water line in the 
house tank to be nearly 40 ft higher, and with the line loss considered this 
becomes about 45 ft. Such heights are not often practical and as a result 
the pressure on the highest fixtures either is reduced to 7 lb (which is 
sufficient to operate a flush valve), or flush tank water-closets are sub- 
stituted, or a separate cold and hot water supply is installed with a small 
pneumatic tank to give the increase in pressure necessary. The chief 
objection to the use of a pneumatic tank is that a separate hot water 
heater is required and this heater must be located either sufficiently 
below the highest fixtures to obtain a gravity circulation, or it must be 
provided wili a circulating pump in order to force the hot water to the 
top floor level. 

The most common solution is to place the house tank as high as the 
structural and architectural conditions will permit and then to use 
liberally-sized lines between the house tank and the upper fixtures, say for 
the two top stories, below which the riser sizes may be reduced to diose 
indicated in Fig. 2 and Table 2. Where the house tank is only one story 
above the top fixtures, flush tank water-closets must be used and the 
drop in the entire run from the house tank down to the farthest fixture 
should not exceed 1 lb; the less, the better. This means that if the total 
equivalent run to the farthest top fixtures supplied is 300 ft, the drop per 

100 ft should not exceed ^ friction 

curves shown in Fig. 3 may be used for quickly determining^ the proper 
size of pipe to give any desired drop in pounds per 100 ft of equivalent run. 


OVERHEAD DISTRIBUTION MAIN 


Examine S. Suppose an installation has a house tank in which the water line is 20 ft 
above the level of the top fixtures to be supplied and that the length of run to the 
farthest fixbires on this levdl is 400 ft with the pipe fittings adding another 200 ft, 
mafeitig an equivalent length of 600 ft. What would be the size of main coming out 
of the tank where a maximum flow rate of 400 gpm may be expected, of the horizontal 
main whm a maximum flow rate of 200 gpm may be expected, and of the riser down to 
the fixture levd where the maximum flow rate is approximately 100 gpm? 

Here the level of the water in the house tank is 20 ft above the faucet of the highest 
fixture and the gravity pressure will be 0.43 lb X 20 ft « 8.6 lb and, if a total pressure 
drop of 1 lb is assumed, die pressure on the farthest fixture under times of peak load 
will be 8.6 lb — 1 lb » 7.6 lb while the drop per 100 ft of equivalent run will have to be 

” 0.16e71b. 


Referring to Fig. 3 it will be noted that where the flow through the main is 400 ^m, an 
8 in. pipe would be required; that where the flow is reduced to 200 gpm, a 6-in. pipe 
would be suflident; and that where the flow is 100 gpm in the riser branch and riser, a 
5-in. size would be correct. Of course these are somewhat excessive flows and the head 
from the tank is small so that lax^p sizes are to be expected. It would be necessary to 
carry a 5-in. riser down to the oranch to the top floor, then reduce to 4 in. for the 
branch to the floor bdow the top, and below this the sizes in Table 2 could be followed. 
In such a case, flush tank dosets should doubtless be substituted. 

Had the tank been set 10 ft higher, the head available to be used up in friction, bnt 
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01 02 04 06 I 2 4 B lO 20 40 O TOO 

PRESSURE DROP PER 100 FT SnUUGKT IVE IN POUNDS PER SQUARE mCH 

Fig. 3. Chart Giving Pressure Drop for Various Rates of Flow of Water 


stQl giving the same pressure at the top fixtures, would have been 0.43 lb X 10 ft or 4.3 lb 
greater and this, with the 1 lb drop usm previously, would give a total allowable drop of 
1 lb + 4.3 lb » 5.3 lb which, divided by the 600 ft eqiuvalent run gives a drop per 100 ft 
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^use Supply 
I Fire Reserve 



P 197 1 

f 255 ? '\ 

p-j-HiT 282 

197 

8th 



mm 

166 

7th. 



2 IS S 

145 

6th 



7t IS S 

117 

5th 



2' IS S 

25 

4lh 

SBHH 



11 

3rd 

■■■ 


2' 2 Lav 

8 

2nd 



,r 3WC-FV 

1 Lav 

4 

f 1 S S 45 

1? IWC-FV 4 

3“ 

4 IS S 


1st ■ - ■' 

U) U) i3) 


Fig. 4. Typical Layout for 
Down-Feed System 


Waty Line 


House Tank ] 



and, with this droj), the sizes according to the chart (Fig. 3) are 6 in., 5 in., and 4 in., 
respectively, while if the run is reduced to 200 ft instead of 600 ft, the allowable drop will 

be gives 6 in., 4 in., and 3 in., respectively, for 

the flows of 400, 200, and 100 gpm. 

From Example 3 it is evident that, while the down-feed system possesses 
certain economies in size for the riser portion, it is quite likely to involve 
large distribution main sizes, especially when the tank is not elevated to a 
considerable degree. 


SIZING A PIPING SYSTEM 

Example 4, Fig. 4 shows a typical l^out vdth three risers extending eight stories and 
with the fixtures noted on each floor. First this will be solved for a down-feed arrange- 
ment assuming that the level of the water in the house tank is 30 ft above the fixtures on 
the top floor, &at the length of run from the tank to the farthest fixture is 200 ft, equiva- 
lent length of fittings 100 ft, and the pressure required at the fixture is 7 lb. 
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Table 5 Typical Calclxation of Pipe Sizes on Down-Feed Riser with 
Flush Valve Water-Closets and Urinals 

fJiiser Xo, 1 Fig 4 


Floor 

OF 

Blog 

Fixtures 

ON 

Floor 

Gpm 

PER 

FnCTLTLE 

MaXHiIL'M 

Gpv 

ON 

Floor 

Mucivum 

Gpv 

ON 

Riser 

Probable 

Use 

<PER CENT’; 

Probable 
Demand i 
Riser 
Gpm 

Allowable 

Drop 

Lb per 

100 Ft 

Pipe 

Size 

Ln 

1st 

1 S S 

4 

4 

4 

100 

4 

SO 


2nd 

IS S 

4 

. 

4 

S 

100 

S 

iO 

H 

3rd 

IS S 

4 

4 

12 

92 

Si 

SO 


4th 

10 Lav 

3 

30 

42 

58 

ss 

30 

1 

5th 

4W C 

46 

ISO 







2U 

30 

60 







3 Lav 

3 

9 



i 






240 

291 

40 

117 1 

30 

2 



45 ; 

ISO , 

i 


i 





30 j 

60 



! 


1 



3 

9 

! 1 

i 1 


1 





240 

5(0 

1 27 

145 1 

30 

2 

7th 

4\V C 

45 

ISO i 

1 

1 1 

1 




2U 

30 , 

60 1 

1 1 


) 

1 

1 


3 Lav 

3 < 

0 1 

1 

1 1 

I 1 

, 

1 

1 

i 




240 < 

. ... 1 

1 789 i 

1 21 ! 

166 1 

30 

\ 

1 ^ 

8th 

4W C 

45 

180 j 



1 




2U. 

30 

GO 


1 

1 




3 Lav 

3 

9 ! 



1 





1 

i 

249 1 

1 

1 1038 

19 

197 j 

2 

4 


The 30-ft head is equal to a static pressure of 0.43 X 30 or 12.9 lb per square inch and 
to msL\nfa\n a pressure of 7 lb at the highest fixtures the drop allowable in pressure is 
12.9 — 7.0 Ib or 5.9 Ib. As the total equivalent run is 300 ft, thb is a drop per 100 ft of 
1.97 lb, or practically 2 Ib. Therefore, all risers and mains from the top floor back to the 
tanlr must be sized on the basis of a drop of 2 lb per 100 ft. Tables 5, 6, 7 and Sshowthe 
schedule for Risers Nos. 1, 2 and 3 with the maximum posrible flow taken from Table 1, 
the percentage of use at the peak taken from Fig. 1, and the maximum probable flow at 
the peak worked out for each portion of the riser, the riser sizes being taken from Table 2 
as far as possible and from Fig. 3 where the amounts exceed the values given in this 
table; a drop of 30 lb per 100 ft is used excej^ on the riser from the top floor back to the 
tank where 2 lb per 100 ft is the allowable limit. 

The reduction in pipe aze which would occur if flush tank water-dosets were used on 
the top floor and only 3 lb pressure used on the fiictures is given in Tables 9 and 10. 
This illustrates why flush tank closets so frequently are sub^tutcd on the uppermost 
floor when a house tank is the source of water pressure. 

If it is now assumed that Riser No. 1 is to be fed from the bottom and the minimum 
street pressure is 75 lb with the top fixture of the riser 80 ft above the nuiin, the problem 
would 1^ solved by determining the maidmum rate of flow in each portion of the riser ^ 
shown in Table 11 and then findmg the allowable drop which can be used per 100 ft. 
The 80 ft of riser height will use up 0.43 lb X 80 « 34.4 lb and the pressure at the top of 
the required 15 lb will make the total reduction 49.4 lb, leaving a balance oi 25.6 lb 
which may be used up in friction. If the distance from the street main to the bottom of 
the riser, which will be assumed to be the farthest one on the horizontal line, is 100 ft, and 
if the fittings are sufficient to add anoth^ 100 ft, as well as ^e 80 ft of vertical di s ta n ce up 
the riser, the total equivalent run will be 280 ft, which will be taken as an even 300 ft. 
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Table 6. Typical Calcltation of Pipe Sizes on Down-Feed Riser with 
Flush Val\’e Water-Closets and Urinals 


(Riser No S. Fig. 


Floor 

OF 

Bldg 

Fixtures 

ON 

Floor 

Gpm 

PER 

Fdctl’RE 

Maxocum 

Gfh 

ON 

Floor 

Maximum 1 
Gpm 
on I 

Riser 

1 1 

1 Probable ' 
USB ! 
|(PER CENT^j 

1 Probable 

1 Demand 
' Riser ' 
1 Gpm I 

Allowable 

Drop 

Lb per I 
100 Ft ] 

: Pipe 
Size 

! 

l8t 

1 W C 1 

45 

45 ; 

« ' 

1 100 

45 

30 1 


2nd 

2\V C 

45 

90 

1 






1 u 

30 

30 

1 



1 



1 Lav 

3 

3 









123 

168 

58 

98 

30 

m 

3rd 

4\V C 

45 

180 

1 






2U 

30 

60 

1 



i 



3 Lav. 

3 

9 

1 


i 

1 




i 

249 

417 

31 

130 1 

30 

2 

4th 

4W C. 

45 

180 







2U 

30 

60 







3 Lav 

3 

9 









~249 

666 

24 

160 

30 

2 

5th 

6W C 

45 

270 







4 Lav 

3 

12 









282 

948 

19 


30 

2 

6th 

6W. C 


270 




1 

1 


4 Lav. 


12 









282 

1230 

16 

196 

30 


7th 

6 W.C. 

45 

270 







4 Lav. 

3 

12 









282 

1512 

14 

211 

30 

2H 

8th 

6 W.C 

45 








4 Lav 

3 











1794 

12 

215 

2 

4 


Then the allowable drop per 100 ft will be shown 

in Fig. 5 are based on this amount of drop Of course the other risers will have the same 
maximum flows at the bottom as they formerly had at the top, namely 215 and 122 gal, 
respecdvely, for Risers Nos 2 and 3. Combining these maximum flows in the same man- 
ner as pursued in the down-feed system it is seen that the maximum flow be^een Riser 
No. 2 and Riser No. 3 is 255 gpm, and betwc^ Riser No. 3 ^d the street m^, 282 gpm 
which at a drop of 8 5 Ib gives the main sizes indicated. It will be noted that in determin- 
ing the maximum flow in an up-feed riser it is necessary to b^;m at the top floor and 
work down instead of b^;inning at the bottom floor and working up as was done in the 
down-feed sizing. 

SIZING DP-FEED AND DOWN-FEED HOT WATER SYSTEMS 

Hot water supply systems, when of the circulating type, have a few 
differences to be considered although the same general principles of sizing 
apply to these lines as to the cold water lines. Owing to the fact that 
there are no flush valves on the hot water piping and dso because many 
plumbing fixtures have no hot water connections, the sizes of the hot 
water piping in general will be considerably less than the TOld water 
piping in the same building. On the other hand it is almost invariably 
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Table 7. Typical Calcltation of Pipe Sizes on Down-Feed Riser with 
Flush Valve Water-Closets and Urinals 

'Riser So 3 Fig. S 


Floor 

OP 

Bldg. 

i 

FnmjRES ! 
ON j 

Floor 

Gm 

1 PER 

! FiXTL’RE 

1 

MAXDnnc j 
Gpm 

> ON 

i Floor j 

1 O™ ,, USE 

, fPE* CENT 

, Probasle 
Demand 
Riser 
Gpm 

Allowable 

Drop 

Lb per 

1 100 Ft 

1 Pipe 
Size 

In 

Ist j 

1 S S , 

4 

^ ! 

1 * 

100 

4 

30 

u 

2nd 

3 W C i 

45 

i 135 , 



1 




1 Lav 

3 

i ^ 

[ 




1 


1 


1 138 

1 142 

j 63 

f 89 

! 30 1 

1 

3id 

2 Lav 1 

3 

' ft 

® 1 

148 

1 61 

90 

30 

, IH 

4th 

3W. C 


135 


‘ 

i 1 

1 : 



1 Lav 


3 


1 

1 

1 i 

i 


is. S 


4 



! 1 

i 1 

t 



mm 

1 142 

290 

1 41 

t 

! 119 

! 30 


5th 

IS S 


ms 

294 

I 

1 120 i 

1 30 j 

2 

6th 

IS S 

4 1 

wS 

298 

! 40 

; 120 1 

1 30 

2 

7th 


4 j 

4 


i 40 

j 121 

30 

2 

8th 

n 

4 

4 

306 

j 40 

j 122 

j 2 

3 


required that a gravity circulation be kept up in such hot water lines and 
this often has a considerable influence on the size. There are three 
methods of arranging circulation lines, as follows: 

1. using the plain up-feed with a return carried back from the top of the riser and 
parallelmg it. 

2. By carrying a supply riser up in one location thus supplying fixtures on up-feed, 
then crossing over at the top and commg down past another collection of fixtures and 
supplying these by a down-feed. 

3. By carrying all of the water to the top of the building and dropping risers wherever 
needed, feeding ^ hot water on a down-fe^ system. 


Table 8. Size or Distribution Main for Down-Feed Systems (See Fig. 4) 


Riser 

No 

Maximum 

Gpm 

Riser 

Maxdcum 

Gpm 

Main 

Probable 

Use 

(per cent) 

Probable 

Gpm 

Allowable 

Drop 

Lb per 100 ft 

Size of 
Main 

In. 

1 

1038 

1038 

18 

187 

2 

4 

2 

1794 


9 

255 

2 

4 

3 

306 

8138 1 

9 

282 

2 

5 


In the first instance the up-feed riser may be sized for the same pressure 
drop as used for the cold water riser and, from the top of the xissr just 
belim the top fixture connection^ a return circulation line may be carried 
back to the main return line in the basement and connected through a 
check valve, set on a 45-d^ angle, and a gate valve; these return circu- 
lation lines ^ould never be less than in., and on the farther half of the 
risers, not less than 1 in. to favor circulation in the far end. T 5 q)ical top 
and bottom connections for such risers are shown in Fig. 6. 
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Table 9. Typical Calculation of Pipe Sizes on Down-Feed Risers with 
Flush Tank Water-Closets and Urinals on Top Floor Only (See Fig. 4) 


Floor 

OF 

Bldg. 

Fixtures 

ON 

Floor 

Gfm 

PER 

Fixture 

Maximum 

Gpm 

ON 

Floor 

Maximum Probable Allowable 

Gpm Demand Drop i 

ON Riser Lb per i 

Riser (percent), 100 Ft ' 

' ! ' 

, Pipe 
Size 

1 In 

i 


Riser No 1 | 

i 

1 .. 

7th and 
below 




non 

[ 

1 

! 30 

2 

8th 

4W C. 

2 U 

3 Lav 

10 

10 

3 

40 

20 

9 

69 

858 

20 

1 

172 

3 3 

4 


Riser No. B 


7th and 
below 




1512 

14 

211 

30 

2 H 

8th 

6W c. 

4 Lav 

10 

3 

60 

12 

1594 

1 

1 

14 

223 

3.3 

4 


Riser No. S 


7th and 
below 

m 

m 

B 

302 

40 

121 

30 

2 

8th 

i 


B 

B 

306 

40 

122 

3.3 

3 


For the second arrangement of hot water risers (Fig. 7b), circulation lines 
are run back from the last fixture supplied to the main return circulation 
line in the same manner as just described, using ^ in. for the ne^ risers and 
1 in. for the far risers. The sizing is much more difficult, as it is necessary 
to start at the bottom floor of tie return riser and work back to the top of 
this riser and then carry the maximum flow across on to the top of the 
corresponding supply riser and work down on this riser from the top floor 
to the bottom. Naturally this gives a much greater flow in the supply 
riser and aids circulation by reducing pipe friction. The allowable loss 
per 100 ft in suci lines must be made about half that used for the cold 
water risers whicdi do not have the combined up- and down-travel which 
the hot water must make. 

In the third and most common arrangement (Fig. 7c) all of Ae watois car- 
ried from the tank or heater cKrectly to the top of the building ^d is there 
distributed to the risers which are down-fe^ and may be sized in the 


Table 10. Sumbiary of Riser Sizes to Given Main Sizes with Flush Tank 
Water-Closets and Urinals on Top Floor Only. (See Fig. 4) 


Riser 

No. 

Maximum 

Gfm 

Riser 

Maximum 

Gpm 

Main 

Probable 

Use 

(per cent) 

Probable 

Gpm 

Allowable 

Drop 

Lb per 100 Ft 

Size of 
Main 

In. 

1 

858 

858 

20 

172 

3 3 

4 

2 

1594 

2452’ 

10 

245 

3.3 

4 

3 

306 

2758 

9 

248 

3.3 

4 
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regular down-feed manner if the total equivalent run either from the 
street main or house tank is taken into consideration. The return 
circulation lines from the bottom of each riser should be arranged in the 
manner already outlined and any riser not going to the basement to 
supply fixtures must have these returns carried down to the basement 
from the termination of the supply riser at whatever level it may end. 


4WC-FV 
2U-F V 
3 Lav 


8th 


7th 

, 4WC-FV 
2U-FV 

6th 

« 4WC-FV 
24 2 U -F V 

^ 3Uv 

5th 

^ 4WC-FV 
3" 2U-FV 

4th 

3" 10 Lav 

3rd 

3' IS S 

>-► 

2nd 

3' IS S 

h-*- 

Isl 

3’ IS S 


,3^ 3’ Mam 


(I) 


Fig. 5. Up-Feed 
System 


Top Fixture Connection and Air VeiTt<> 


t- 1 

ii 1 
1 


1 t 
4 : 


1 

1 t 




Fig. 6. Supply and Return 
Main Connections for Hot 
Water Supply System 


All risers, both hot and cold, should be vaived at the main with an 
extra che^ valve on the hot water return circulation so t^t the risers 
may be cut off and repair^ when necessary without disturbing the 
service in the remainder of the system. 


HOT WATER SUPPLY 

Having designed the service hot water piping, the next step is to furnish 
some means of heating the water and in this respect it is necessary to pass 
from the maximum probable flow to the maxitnum probable hourly 
demand, which is quite different. If an instantaneous heater were used, 
it would require adequate capacity to provide for the hea^g of the wat^ 
as fast as it is drawn and a heater of this type should be tized on the batis 
of the maximum probable flow with the accompanying heavy drafts on 
the heating device and with intervals of no draft at all. To b^ance these 
inequalities of flow the storage-type heater is often utilized so that the 
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Table 11. Typical Calculation of Pipe Sizes on Up-Feed Riser with 
Flush Valve Water-Closets and Urinals (See Fig. 5) 


Floor 

OF 

Bldg 

Fextltues 

ON 

Floor 

Gpm 

PER 

FeSTL’RE 

Maximum 

Gpm 

ON 

Floor 

Maximum 

Gfm 

ON 

Riser 

Probable 

Use 

(per cent) 

Probable \ Allowable 
Demand Drop 

Riser I Lb per 

1 Gpm ] 100 Ft 

1 

Pipe 

Size 

In 


4W c 
2U. 

3 Lav 

45 

30 

3 

180 

60 

9 

249 

249 

44 

i 

1 

109 

1 

1 8 5 

1 

1 

( 

1 2H 

7th 

4W C. 
2U 

3 Lav 

45 

30 

3 

180 

60 

9 

"249 

1 

1 

498 

28 

139 

1 

1 

S 5 

1 

1 

6th 

4 W. C 
2U 

3 Lav 

46 

30 

3 

180 

60 

9 

249 

747 

22 

! 164 

8 5 

1 

1 3 

Sth 

4W. C 
2U 

3 Lav 

45 

30 

3 

180 

60 

9 

249 

996 

IS 

179 

8 5 

3 

4th 

10 Lav 

3 

30 

1026 



8 5 

3 

3rd 



4 

1030 

IS 

186 

8 5 

1 3 

2nd 


4 

4 

1034 

18 

187 

8 5 

3 

lat 

B 

4 

4 

1038 

18 

188 

8 5 

3 


Table 12. Suggested Storage Tank Sizes for Homes and Apartments^ 


All Yoab Sisvxcb I SiaTzoi Dubqto HxATnro Sbasok 

BiflXD ON Boiler WiTiB AT 180 F | Based on Boiler Water at 215 F 



Plpmg Conneetioiis 

Number df 
Batibaor 
Famihes 

Tank 

l^pmg ConneotionB 

Number of 
Baths or 
Families 

■mi 

Boiler, In 

Tank, In. 

Bmler, In 

Tank, In. 

30 

1 


1 

30 

1 


1 

35 


M 

1 

40 

1 


1 

40 

IH 

% 

1-2 

52 

1 

h 

1 

50 

H 

1-2 

66 


1 

1-2 

60 

iji 

1 

1-2 

82 

IJi 

1 

2^ 

72 


1 

2-3 

100 


1 

3 

80 

2 

1 

2-3 

120 

M 

1 

4 

100 

2 


3-4 

144 


1 

5 

125 

2 


4-5 

160 

2 


6 

150 

2 


5-6 

200 

2 


6-7 

200 

2 

1^ 

6-7 

250 

2 

m 

7-9 

250 

2}4 


7-9 

300 

2 


9-11 

300 

2}^ 

iH 

9-11 

400 

2H 

2 

11-15 

400 

3 

2 

11-15 

500 

2H 

2 

15-18 

500 

3 

2 

15-18 

600 

3 

2H 

18-21 


•See paces 661 and 721 for further data. 
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water demand can be heated during periods of light demand and stored 
up for use during the periods of heav-y demand. The total water con- 
sumption per pepon usually varies between 100 and 150 gal p&r day when 
laundry and culinary operations for the occupants are carried out on the 
Seme premises. The maximum hourly demand under these conditions 
will be found to be about one-tenth of the average daily consumption. 

If one-third of the total water used is hot water and 125 gal per day is 
assumed as a fair average of consumption per person, it is apparent that 
each person uses about 40 gal of hot water per day. If one-tenth of this 
represents the peak hourly load, then 4 gph must be allowed per person 
for the heaviest demand. If the average occupancy of apartments is 
3 persons, the peak hour demand per apartment will be about 12 gph. It 
is customary to allow 10 gph of heating capacity per apartment. Water 
in excess of this heating capacity drawn out during the peak hours is 


Vent 




<o) 




Fig 7. Methods of Arranging Hot Water Circulation Lines 


provided for by storage in the hot water tank where this water is heated 
during hours when the demand is below the average. Table 12 gives 
suggested storage tank sizes for homes and apartments based on the 
number of families or baths. 

HOT WATER HEATERS 

Various types of heaters are available for supplying the hot water for 
domestic service in buildings. In any hot water supply system the water 
should be heated to a temperature between 150 and 180 F. Where the 
hot water requirements include supplies for kitchens, laundries or process 
work, the higher temperatures are used. In buildings where steam is 
available throughout the year, the hot water supply is usually taken from 
this source. In smaller domestic installations the fuel-burning device is 
generally automatically arranged so that hot water is supplied the entire 
year and not merely when the boiler is used for heating purposes. 
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Water is heated by various methods using heat exchangers amnged so 
that the boiler heating medium gives up its heat to the water in the hot 
water circulating system. These heat exchangers may be classified as 
follows: 

1. Submerged steam heating coil in storage tank. 

2. Submerged water heating coil in storage tank. (Fig. 8) 

3. Indirect water heater, mounted on side of boiler below water line. (Fig. 9). 

4. Submerged indirect water heater, placed in boiler below water line. (Fig. 10). 

The efficiency of these heaters may be estimated as nearly 100 per cent 
as the heat loss from surface radiation of the heater and tank shdl when 
covered with insulating material is generally r^uced to a minimum. The 
capacities of these heaters are usually available from manufacturers 


Hot MtBT to fntum 



Fig. 8. Hot Water Heating Coil Submerged in Storage Tank 

rating tables. The area of the inside surface of a heating coil may be 
determined from the following equation: 

. 0 X 8 33 (A) a) \ 

^ ~ JTo X fm ^ 

where 

A = surface area of coil, square feet. 

Q e= quantity of wrater heated, gallons per hour. 

to — hot water outlet temperature, degrees Fahrenheit. 

A = cold water inlet temperature, degrees Fahrenheit. 

Ko = coefficient of heat transnussion, Btu per hour per square foot surface. 

For copper or brass coils Kq = 240 (steam) and 100 (hot water). 

For iron coils Kq — 160 (steam) and 67 (hot water). 
t/a “ logarithmic mean of the difference between the temperature of the heating 
medium and the avere^ water temperature. An is approximately = 

[i. - 

Equation 1 may also be used for determining revised heating coil 
ratings under different temperature conditions as stated in the manu- 
facturers ratings. When sdecting a vraiter heater, the conditions of 
operation should be carefully considered, as well as the location of the 
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storage tank and the piping arrangement between the boiler, heater and 
tank. It is generally good practice to allow a margin of safety* w’hen 
selecting an indirect heater of the proper size to pro\'ide for loss of 
efficiency due to the accumulation of scaling on the coils and piping. Heat 
exchangers classified according to (3) and (4) may be used with or without 
a storage tank, but when tanks are omittrf, the indirect water heaters 
should be increased in size so as to heat the water instantaneously as 
it is needed. 

The storage tank should be installed as high as possible. Horizontal 
tanks are preferable for all medium size installations and absolutely 
essential on larger installations. WTiere possible the storage tank should 
be installed with the bottom of the tank at or above the boiler water line. 
Horizontal storage tanks smaller than 18 or 20 in. diameter are not 



Fig. 9 . Indirect Water Heater Mounted on Fig. 10 . Indirect Water 
Side of Boiler Heater Placed in Boiler 


recommended because of the difficulty of preventing the hot and cold 
water from mixing, and especially is this an important consideration when 
laig;e quantities of water are withdrawn. 

Pipe sizes between the water heater and boiler should be full size of the 
heater tappings (Table 12). When a heater is connected to a horizontal 
sectional boiler, it is recommended that connections be made to all 
sections and joined together a few inches below the water line as shown 
in Fig. 8, so that steaming is prevented in those sections which are not 
connected to the header. 

When a steam coil is used for heating the water, an automatic ther- 
mostatic valve may be installed in the steam supply to the coil. The 
operation of this automatic valve is controlled by a thermostat located in 
the storage tank whidi permits the proper amount of steam to enter the 
coil so as to maintain an even water temperature. 

An indirect water heater may be used on either a steam or hot water 
system, and generally this type of heater is provided with a temperature 
control device locat^ in the boiler water circulating connection to the 
water heater. The setting on this thermostatic valve may be as low as 
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140 F or as high as 180 F and may be readily adjusted to meet particular 
requirements. With this type of control it is impossible to overheat the 
hot water supply which is an important safety consideration in some 
installations. This type of system may also be conveniently used during 
the non-heating season with the operation of the fuel burning device 
controll^ by the water heater thermostat. (See Chapter 14). During 
the heating season the water heater temperature control functions as a 
low limit control. 

When an indirect water heater is applied to a gravity hot water system, 
it is necessary to provide a valve in the supply to the heating system to 
prevent the flow of hot water from the boiler when heat is not required 
in the house. This valve may be controlled from a room thermostat and 
the automatic fuel-burning device controlled from the water heater 
thermostat. To prevent circulation in a forced hot water heating system 
flow control valves may be installed in the flow and return lines which act 
merely as check valves when the circulating pump is not operating. In 
this arrangement the pump is controlled by the room thermostat and the 
automatic fuel-burning device is controlled from the water heater 
thermostat. 


STORAGE CAPACITY AND BOILER ALLOWANCES 

The amount of storage provided in the hot water tank or heater is 
somewhat a matter of choice but is usually made ample to carry over the 
peak shortage which is likely to occur and is based on the assumption that 
only 76 per cent of the storage capadty will be available, as it has been 
found that if more than this amount is withdrawn from storage, the tank 
is so cooled down as to make the balance useless. The general rule may 
be dted that the less the heating capadty the greater must be the storage, 
and tihe greater the storage the less may be the heating capadty down to a 
point where the heating capadty will fail to be suffident to heat up the 
tank storage during the periods of small load. 

Example 5. A heater to supply 600 persons will have an average daily use of about 

500 X 40 gal = 20,000 gal and this is an average of = 833 gph but the peak 

hour vdll require Ho of 20,000 = 2000 gal and the shortage during the peak hour, if the 
heating capacity is made to suit the average hourly use of 833 pi, will be 2000 — 833 = 
1167 gal so that the storage capacity, based on 76 per cent being available from this 

1167 

capacity without cooling the tank excessively, will be = 1556 gal. 

Should it be desired to reduce the size of storage tanks and to use a greater heating 
capacity, it is only necessary to increase the heating capacity to say 1200 gph which then 
gives 2000 — 1200 = 800 gal as the shortage durmg the peak hour, and the necessary 

storage will be = 10^7 gal; or the heating capacity can be increased to 1500 gal, 

leaving a shortage of 2000 — 1500 = 600 gal. 

Good design requires that the heating capadty be made as small as 
possible without introducing undesirable amounts of storage, as the 
heating capadty directly determines the load on the source of heat. 
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As indicated in Example 5, the heating load is proportional to the 
heating capadly and the boiler capacity must be increased for higher 
heating capacities and may be reduc^ for smaller heating capacities with 
greater stor^e. It may be assumed that a boiler capacity of about 4 
sq ft of equivalent steam heating surface® (radiation) must be provided 
for every gallon of water heated 100 F or from 50 F to 150 F. which is 
the temperature rise most commonly assumed and r^uired. On this 
basis it will^ be seen that the various conditions dted in Example 5 will 
require additional boiler capaaty as follows: 


Heatin^^^padty 

833 

1200 

1500 


Additional Boiler Capacity 
(Sq Ft EDR> 


3332 

4SOO 

6000 


From this it is apparent that it is less costly to provide ample storage 
and to reduce boiler capacity than to diminish the storage and supply a 
greatly increased boiler capacity to compensate. 

The boiler allowance value of 4 sq ft of equivalent steam radiation for 
each gallon of water heated through a temperature range of 100 F is 
based on an hourly heating rate. When reduced heating capadti^ are 
desired for economic reasons of boiler design and selection, engineers 
frequently recommend that the heating rate be extended over a period of 
two hours in which case the boiler allowance value would be reduced to 
2 sq ft of equivalent steam radiation. Similarly any other heating rate 
may be established and a corresponding value of boiler allowance deter- 
mined. 

Reliable information based upon the installations of several heaters in 
existing heating systems indicates varying arbitrary values of boiler 
allowances to be us^. When these values are selected for usage, a careful 
analysis of the veirying factors involved in determining these v^ues should 
be considered so that the proper heating allowances may be provided. 


ESTIMATING HOT WATER DEMAND BY FIZTUBES 

In buildings where the occupancy is doubtful and only the number of 
plumbing fixtures can serve as a basis for detem^ng the probable hot 
water demand, the problem is not so simple owing to the fact that a 
fixture gives no information as to how heavy a service may be demanded 
from the fixture and this amount of service is really the governing factor 
in making an estimate of the probable hot water demand. Table 13 may 
prove of some value in this resp^ as it gives the maximum assumed 
quantity of hot water per hour which will be demanded of any fixture and 
then gives a percentage of this amount which may be assumed as probable 
in different types of buildings. Table 14 gives approximate hot water re- 
quirements in various types of buildings. 

Example 6. Let it be assumed that an apartment house with ^ apartments has 70 
baths, 20 lavatories. 20 kitchen sinks and 20 laundry trays; what is the probable maxi- 
mum hourly demand for hot water? 

100 X S S3 

^Actual reQnirezaent for lOO-deg tempciature difference * ' 24 Q " 3.33 sq, ft per ssEcn of 

water heated. 
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20 Baths at 40 gal and 33 per cent . _ „ > 270 gal 

20 Lavs, at 20 gal and 25 per cent .... 100 gal 

20 Sinks at 30 gal and 83 per cent ... . — 200 gal 

20 Trays at 60 gal and 60 per cent— . 600 gal 

Total .... 1170 gal 

Probable peak use at one time . . - — 35 per cent 

Probable actual peak demand 409 gph 

If three persons are assumed to an apartment the total daily use of hot water should 
approximate 20 X 3 X 40 gal = 2400 gal and if the peak hour is 10 per cent of this 
amount, the peak hour by this method shows a probable demand of one-tenth of 2400 
gal, which indicates that the values in Table 13 are safe. 


SWIMMING POOL HEATING REQUIREMENTS 

Swimming pools present a problem of hot water heating demand which 
is frequently overestimated. Few outdoor swimming pools require 
water heating, and in some cases they require the addition of cold water 
to regulate tibe temperature. The recirculation system of a swimming 
pool consists of the pumps, hair and lint catchers, and filters together 
with all necessary pipe connections to the inlets and outlets of the pool. 
The water heater, the sterilizing equipment and suction cleaner are usually 
installed or connected to the recirculation system and may be considered 
as integral parts of the system. 

The recirculation system and all its component parts should be designed 
to provide the required volume of circulation so that the water turnover 
ratio is at least two times per day and where heavy loads are anticipated 
the turnover ratio should be increased to three times or more. Many 
states have regulations prescribing the circulation turnover. 

The water heaters for swimming pools are usually instantaneous steam 


Table 13. Ordinary Maximum Hourly Demand for Hot Water for Various 
Fixtures in Gallons and Probable Percentage of Usage 


Tips or 
BUILDINU 

Latatobibs 

Baths 


Slop 

SiHXS 

KncBXN 

SlNXS 

Fabtrt 

Bjxxb 

Foot 

Batbs 

Wash 

Tbats 

Ay. 

Max 

USBS 

FriTBta 

Pobhe 


Mixnnni 











Pbobabu 

Ubagx 

20 

20 

40 

300 

30 

30 

20 

20 

30 


GPB 












Probable Usage in Per Cent of Maximum Ordinary Use 


Apt. house 

25 

50 

33 

67 

67 

33 

50 

25 

60 

35 

dub 

25 

76 

50 

67 

67 

67 

100 

25 

80 

60 

Gym. 

25 

100 

100 

100 

_ 



100 


80 

Hospital 

25 

76 

50 

33 

67 

67 

100 

25 

80 

45 

Hotel 

25 

100 

50 

33 

100 

67 

100 

25 

80 

70 

Industrial 

25 

150 

100 

100 

67 

67 


100 


90 

Laundries 

25 

100 





33 



- 

100 

100 

O&ce building 

25 

75 

■ 

- - - 

50 


mm 

— 


20 

Baths 

25 

150 

150 

100 

50 



■ 

- 

100 

Residences 

25 


50 

33 

50 

33 

50 

50 

60 

50 

Schools 

25 

75 


100 

67 

33 

100 

SO 


25 

Y. M. C. A. 

25 

100 

100 

100 

67 

67 

100 

100 

80 

76 


•Percentage of fixtures likely to be demanding maximnm probable usage at any one time. 
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coil heaters. These heaters should be sized so that they will have suf- 
ficient capacity to heat the water delivered by the circulating pump 15 F 
per hour. 

The water temperature in a pool is usually maintained at about 72 F. 
A few states have regulations prohibiting higher water temperatures than 
70 F. The room temperature should be approximately 5 F higher, but 
not more than 8 F higher nor less than 2 F lower, Aan the water tem- 
perature. 

Example 6. Assume a s^vimming pool 75 ft long, 30 ft wide with an average depth of 
6 ft. If the water is to be heated from a temperature of 50 to 65 F, u hat capacity heater 
and steam consumption is required with a turnover ratio of two times per day? 

Pool volume 75 X 30 X 6 X 75=* 100,000 gal. 

KM) 000 X 2 

With a turnover ratio of twee in 24 hr, the heatmg capacity is: — 
gal per hour 

The steam consumption would be ^ ^ steam per hour. 

Regulation of swimming pool temperatures is essential for successful 
operation and economy. It is therefore recommended that the steam 
supply to the heater be provided with a by-pass which may be used for 
pool filling and initial heating and that a smaller by-pass be installed 
with an automatic control v^ve having the capacity to heat the cir- 
culation water approximately 6 F per hour. 


Table 14. Hot Water Consumption in Various Types of Buildings 
FOR Different Purposes 


Tm or Buxldeto 

CoKDinOHB 

GiXLoxa 

Hotels 

Room with basin only 

Room with bath 

(Transient) 

(Men) 

(Mix^) 

(Women) 

Two-room suite and bath 
Three-room suite and bath 

10 (per day) 

40 (per day) 

40 (per day) 

60 (per day) 

80 (per day) 

80 (per day) 

100 (per day) 

Public 

Buildings 

Public bath or lavatory 

Public shovrer 

Public lavatory with attendant 

150 (per day per fixture) 

200 (per day per fixture) 

200 (per day per fixture) 

Industrial 

Buildings 

Per office employee 

Per factoiy employee 

Cleaning floors 

2 (per day) 

5 (per day) 

3 (per 1000 sq ft per day) 

Restaurants 

$0.50 Meals 

$1.00 Meals 

$1.50 Meals 

0.5 (per customer with hand washing) 
1.0 (per customer with machine 
washing) 

1.0 (per customer with hand washing) 

2.0 (per customer with machine 

washing) 

4.0 (ptf customer* with machine 

washing) 
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PROBLEMS IN PBACnCE 

1 # The heating capacity of an indirect water heater is 100 gal per hour, using 
steam at 215 F and raising the water from a temperature of 50 to 150 F. Deter- 
mine the heating capacity of the same water heater using water at a tem- 
perature of 180 F for the heating medium. 

Using Equation 1, and because the surface area of the water heater is the same for 
each condition, the two conditions may be equated as follows: 

100 X 8 33 (150 - 50) QX 833 (150 - 50) 

[jis _ <!5o+i2)] ■ 100 [loo - 05^] 

Q = 28 98 gal per hour, capacity of heater using water at a temperature of 180 F 

2 # Why is it impractical to size water supply piping so pipe friction will pro- 
duce an equal pressure on each fixture? 

Because the friction would be built up only in periods of maximum flow and at all other 
times it would be only a fraction of that required 

3 • What is the puiqiose of zoning water supply systems in tall buildings? 

To avoid excessive pressures in the lower stories. 

4 • Define the maximum possible flow, the maximum probable flow, and the 
average probable flow. 

The maximum possible flowris the flow which would occur if all of the outlets on the 
system were opened at one and the same time. The maximum probable flow is the flow 
which vdll occur with probable peak conditions The average probable flow is the flow 
likely to occur under a normal condition of use. 

5 • What is the factor of usage? 

This is the percentage of the maximum possible flow which is likely to occur at peak load 

6 # How many feet higher than the uppermost fixtures must the water line in 
a house tanh be to provide about 15 lb per square inch pressure at the fixture 
outlet? 

Allowing for pipe losses, about 45 ft. 

7 • What methods of hot water circmlation commonly are employed with hot 
water supply systems? 

a. Up-feed risers with returns having no connections paralleling the risers. 
h. Up-feed risers with returns in other locations, and with connections taken off both 
supply and return 

c. One main up-feed riser, without connections, supplying all down-feed risers for all 
fixtures. 

8 • Which method of hot water supply generally is the most satisfactory? 

The single main up-feed riser supplying drop risers for all fixtures. 

9 # How much of the water stored in a hot water storage tank really is available 
for use? 

About 75 per cent, because when only 25 per cent of the origmal water remains in the 
tank it has been so cooled down by the entering water that it is too cold for satisfactory 
use. 

10 • In cases of intermittent demand, does a large hot water storage tank 
increase or decrease Hie steam load for water heating? 

It decreases the steam load in cases of mtermittent demand but causes no change in the 
steam load if the demand is constant. 
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Chapter 36 

INSULATION OF PIPING 


Heat Losses from Bare Pipes, Steam and Hot Water Lines, Lotc Tem^ 
perature Pi]^ Insulation, Pjj^ Stceating, Heat Losses from Pipe 
Surfaces, Economical Pipe Thicknesses, Underground Insulation 

P ipe insulation performs an important function in preventing loss of 
heat where steam or hot water are conveyed from one part of a 
building to another, and in reducing the absorption of heat by cold pipes 
as well as preventing condensation on the outer surfaces. 


HEAT LOSSES FHOM BABE PIPE 

Heat losses from horizontal bare iron pipes, based on data obtained 
from tests conducted at the Mellon Institute, are given in Table 1. These 
losses are expressed in Btu per hour per linear foot of pipe per degree 
Fahrenheit difference in temp^ature between the steam or hot water in 
the pipe and the air surrounding the pipe. The monetary value of the 
loss of heat given in Table 1 may be obtained by means of Fig. 1 for 
various heating S 5 ^tem efficiencies, temperature (Merences, and calorific 
values and costs of coal. To solve a problem, select the proper heat loss 
coefficient from Table 1 and locate this value on the upper left hand 
mai^n of the chart. Then draw lines in the order indicated by the 
dotted lines, the dollar value of the heat loss per 100 linear feet of pipe per 
1000 hours being given on the upper right hand scale. In using 
chart, the cost of coal should also include the labor for handling it, boiler 
room expense, etc. 

Heat losses from horizontal copper pipes based on tests at the A.S.H.V.E. 
Laboratory, are given in Table 2\ 

In order to determine heat losses per linear foot of pipe from known 
losses per square foot, it is necessary to know the area in square feet per 
linear foot of pipe. Table 3 gives these areas for various standard pipe 
sizes while Table 4 gives the area in square feet for flanges and fittings 
for various standard pipe sizes. 

Very often, even where pipes are thoroughly insulated, flanges and 
fittings are Irft bare due to the belief that the losses from these parts are 
not large. However, the fact that a pair of 8-in. standard flanges having 
an area of 2.41 sq ft would lose, at 100 lb steam pressure, an amount of 


^Heat Elmiflaion from Iron and Copi>er Pipe, by F. C. Honghten azsd Cazl Gntbeilet (A.S.H.V E Traics* 
ACnass, VoL 38. 1832). 
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agEXiKKi 


Fig. 1. Chart for Estimating Dollar Value of Heat Loss 
FROM Bare Iron Pipes. (See Table 1)® 


AThis chart is based on 100 linear feet per 1000 bonis For fractions or multiples of these factoxs, 
multiply by proper percentage. 


heat equivalent to more than a ton of coal per year shows the necessity 
for insulating such surfaces. 

STEAM AND HOT WATER LINES 

The conductivities of various materials used for insulating ste^ and 
hot water pipes are given in Table 5. In this table the conductivities are 
given as functions of the mean temperatures or the mean of the inner and 
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Table 1. Heat Losses from Horizontal Bare Iron Pipes 

Expressed in Btu pe^ linear foot per degree Fahrenheit dijerence in temperature between the 
pipe and surrounding stiE air ai 70 F 


Hot Wateb Sisajc 


Noicqval 

Pm 

SZSB 

(Ihcbb) 

120P ' 

150 F 

ISOF 

213 F , 

227.1 t 
.5Lb> 

SfTT 

5C Lu; 

3379 F 
'100 Lo^ 

TzunoLiTCBi DimsBNCi 

SOF i 

SOP , 

IIOF 

140 F 

1S7.I F 

, 227 : F 

267.9 F 


0 543 1 

0.573 j 

0 60S . 

0.638 i 

0 656 

0.742 

0.796 

H 

0.660 ! 

0.690 

1 0 729 i 

1 0.762 i 

1 0.781 i 

i 0.886 i 

1 0.955 

1 

0.791 

0 829 

0 878 

1 0.920 \ 

! 0.9S3 

1.081 1 

1.166 

IH 

0 979 

1.02 

1.087 1 

\ ^ 

1.184 

1 345 ! 

1.450 


1.09 

1 IS 1 

1 1.220 

1.29 ’ 

' 1.335 . 

; 1.520 

1 640 

2 

1.34 

1 40 1 

1 1.491 

1.58 

1.637 i 

; 1.866 

2 015 


1 58 

1.67 

1.778 

1.87 , 

1.937 ; 

2.215 

2.388 

3 

1.88 

1 99 

2.100 

2 22 

2.301 ! 

2.641 

2 853 


2.13 

2.24 

2.380 

2 51 

2.585 1 

2.972 

3.215 

4 

2.36 

2.50 

2.650 

2.78 i 

2.873 ! 

3.312 

3.582 

4H 

2.60 

2.75 

2.920 

3.08 

3.170 ; 

3.655 

3 956 

5 

2.87 

3.02 

3.200 

3.38 ; 

3.493 

4.030 

4 368 

6 

3.39 

3.56 

3.775 

4.01 J 

4 115 

4.755 

5.153 

8 

4.32 

4 55 

5.050 

5 14 i 

5.270 

6 120 

6 635 

10 

5.32 

5 61 

5.925 

6 34 ! 

6.551 

7.592 

8 245 

12 

6.25 

6.62 

6.995 

7.46 j 

7.670 j 

1 1 

8.900 

9.670 


Table 2. Heat Losses from Horizontal Bare Copper Pipes 

Expressed in Btu per linear foot per degree Fahrenheit difference in temperature between the 
pipe at ItlO F ard surrounding shU air at 70 F 


Nohutal 

Pm 

Sm 

(lirCHBB) 

OcTsms 
DiAmns 
(Inches) | 

TnmRATCBi 

DHTEBEfCl 

140 F 

Nomsul 

Pm 

Rtct 

(Incexs) 

) 

1 

OcTsn» 

DuxrrMR 

(INCBIS) 

1 

Temfeb&tcu 

1 DonsENcs 

1 140JP 

H 


0.405 

2H j 

i 2.625 

0.986 


0.875 

0.478 

3 

3.125 

1 131 

1 

1.125 


m 

3.625 

1.276 


1.375 

0.623 

4 1 

4.125 

1.422 

IH 

1.625 

0.695 

5 i 

1 5.125 

1.713 

2 

2.125 

0.841 

1 

6.125 

j 2.004 


Table 3. Radiating Surface per Linear Foot of Pipe 


Nqicdul 

PmSm 

(Imobbb) 

Bubtaob 

Abba 

(BqFt) 

Noxdcal 

PmSm 

(IncHU) 

Bubticb i 
Aha > 

(ajft) 1 

NoiaxAL 

PmSm 

(Ibcsbi) 

SUBBAOi 

Abba 
(8a Ft) 

H 


2 

mBmm 

5 

1.456 

H 




6 

1.734 

1 

0.344 

3 

0.917 

8 

2.257 


0.435 


1 047 

10 

2.817 


0.498 

4 

1.178 

12 

3.338 
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Table 4. Areas of Flanged Fittings, Square Feet® 


NoifJNO. 

PiFB SlZB 
(Inches) 

Flanhid 

CoCFUNO 

90 Deo Ell 

Long Radius 

Rr.r 

Tzi 

(}Boes 

Standard 

Extra 

Heavy 

Standard 

Extra 

Heavy 

Standard 

Extra 

Heavy 

Standard 

Extra 

Heavy 

Standard 

Extra 

Heavy 

1 

0 320 


0.795 

1.015 

0.892 


1.235 

1.575 

1.622 

2.07 

iU 

0.383 



mm 

1.084 


1.481 

1.925 

1.943 

2.53 



■ijrrvi 

1.174 

1.332 

1.337 

1.874 

1.815 

2.68 

2.38 

3.54 

2 

0.672 

0848 

1.65 


1.84 

2.16 

2.54 

3.09 

3.32 

4.06 

214 

0.841 

1.107 

2.09 

2.57 

2 32 

2.76 

3.21 

4.05 

4.19 

5.17 

3 

0.945 

1484 

2.38 

3.49 

268 

3.74 

3.66 

5.33 

4.77 

6.95 

314 

1.122 

1.644 

2.98 

3.96 

3.28 

4.28 

4.48 

6.04 

5.83 

7.89 

4 

1.344 

1.914 

3.53 

4.64 

3.96 

4.99 

5.41 


7.03 

9.24 

^14 

1.474 

2.04 

3.95 


4.43 

5.46 

■S3 

7.72 

7.87 


5 

1.622 

2.18 

444 

5.47 

5.00 

6.02 

6.81 

8.52 

8.82 


6 

1.82 

2.78 

5.13 

6.99 

5.99 

7.76 

7.84 


10.08 

13.75 

8 

2.41 

3.77 

6.98 

9.76 

8.56 

11.09 


14.74 

13.44 

18.97 

10 

3.43 

5.20 


13.58 

12.35 

15.(50 

15.41 

20.41 

19 58 

26.26 

12 

4 41 

6.71 

13 08 

17.73 

16.35 

18 76 

19.67 

26.65 

24.87 

3411 


alndading areas of accompanying flanges boated to the fitting. 


outer surface temperatures of the insulations. This method of stating 
conductivities makes it possible readily to calculate the heat loss through 
single or compound sections. It should be emphasized that the con- 
ductivities given in Table 5 for the various insulations are the average of 
values obtained from a number of tests made on each type of material, 
also that all variables due to differences in thickness, pipe sizes, and air 
conditions are eliminated. Individual manufacturer's materials will, of 
course, vary in conductivity to some extent from these values. 

The heat losses through six of the types of insulation given in Table 5 
for 1, and 2-in. thick matmals, and for temperatures commonly 
encountered in engineering practice can be obtained from Tables 6 to 11, 


Table 5 Conductivities ( k ) of Various Types op Insulating Materials 
FOR Medium and High Temperature Pipes® 



100 F 

200F 

300F 

400F 

SOOF 



0.465 

0.505 

0.550 

0.590 


0 530 

liXi^ 

0.770 

0.890 

(4 Plies per 1 in, thick^ 

Ashestns 


0.555 

0.630 

0.705 



0.360 

0.415 

0.470 

0.525 



0 S4S 

0.605 

0.665 

0.725 

0.785 



0.410 

0.470 

0.530 

0 590 



0.545 

0.575 

0.605 

0.635 



0.640 

0.675 

0.715 


^ elted Fibre) 


H. Heilman, Mechanical Engineerings Vol 46 (1924), p. 593. 
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Table 6. Coefficients of Transmission for Pipes Inslt-ated 
WITH 85 Per Cent Magnesia Type Insxxation 

These coefficients are expr^sed in Btu per hour per square foci of pipe surface per degree 
Fahrenheit difference in temperature between pipe and surrounding siili air at?0 F 


TmxxsMs 

or 

IVBCLLnOK 

(IvoBxa) 


Nominal 

Pipi 

Sm 

(Inghib) 


Hot Watzs 


SlZAM 


120 F 


ISOF 


18CF 


210 F 


. 23: IF 
i ^5 Lb 


257 7 F 
fSOLbi 


337 9 ¥ 
nao LO/ 


TzMriEATim Dinmanrcs 




soT~ 

wT 

llOF 


157 

' 2 zi . rr - 

2679 F 




0.754 

0 764 

0 774 

0 779 


0.814 



0 672 

0 681 

0 689 

0 697 : 0.701 

0.721 

0.731 


1 

0.613 

0.621 

0 629 

0.637 1 0.641 

0.659 

0.670 



0.562 


0.577 

0.585 

0.589 


0 617 



0.532 

0.539 

0 546 

0 553 

0.557 

0.573 

0.582 


2 

0.500 

0.506 

0.512 

0.519 

0.523 

0.538 

0.547 


2 }i 

0.475 

0.481 

0.487 

0 493 

i 1 rv/fl 

0.512 



3 

0.455 

0.461 

0.467 

0.474 

V 1 IvrM 

0.492 


1 

3H 

0.441 

0.447 

0.452 

0.458 


0.475 

0.483 


4 

0.429 

0.435 

0.441 

0,446 

1 1 ^>69 

0.463 

0.471 



0.420 

0.425 

0.431 

0.437 

V 1 

0.453 



s 

0.411 

0.416 

0 422 

0.427 1 

1 1 ;!cM 

0.443 



6 

0.402 

0.408 

0.413 

0.419 

1 1 

0.435 

0.442 


8 

0.387 

0.392 

0.397 


1 1 

0.418 

0.425 


10 

0 375 

0.380 

0.385 

0.390 

V 1 $ (1 

Eina 

0.412 


12 

0.359 

0.374 

0.378 

0.383 


0.398 

0.405 



0.617 

0 625 

0.633 

0.642 i 


0 665 

0 676 


H 

0.550 

0.558 

0 566 

0.573 

0.577 

0.596 

0.606 


1 

0.496 

0.503 

0.511 

0.518 

0.522 

0.540 

0.549 


IH 

0.453 

0.459 

0.465 

0.472 

0.475 

0.490 

0.498 



0.424 

0.430 

0.436 

0.442 

0.445 

0.459 

0.467 


2 

0.394 

0.400 

0.405 


0.413 

0.427 

0.434 


2 J 4 

0.371 

0.376 

0.382 


w^m 

0.401 

0.408 


3 

0.352 

0.357 

0.362 

0.367 

0.370 

0-380 

0.387 

IH 

3 ^ 

0.339 

0.343 

0.347 

0.351 1 

0.354 

0.364 

0 370 

4 

0.328 

0.333 

0.337 

0.341 

mmm 

0.353 

0.359 


4 H 

0.320 

0,324 

0.328 

0.332 

0.334 

0.343 

0 350 


5 

0.312 

0.316 

0.320 

0.324 

0.326 

0.336 

0.342 


6 

0.303 

0.307 

0.311 

0.315 

0.318 

0.328 

0.333 


8 

0.287 

0.291 

0.295 

0.299 

0.301 

0.311 

0.316 


10 

0.276 

0.280 

0.284 

0.288 


0.299 

0.304 


12 

0 272 

0.275 

0.279 

0.283 


0.294 

0.299 



0.543 

0.551 

0.558 

0.565 

0.569 

0.587 

0.597 


h 

0.484 

0.490 

0.497 

0.503 

0.507 

0.523 

0.532 


1 

0.433 

0.439 

0.445 

0.451 

0.454 

0.467 

0.476 


IK 

0.393 

0.398 

0.403 

0.409 

0.412 

0.424 

0.432 


IK 

0.365 

0.370 

0.376 

0.381 

0.384 

0.397 



2 

0.338 

0.343 

0.347 

0.351 

0.354 

0.364 



2K 

0.316 

0.320 

0.324 

0.328 

0.331 

0.341 

0.347 


3 

0.297 

0.301 

0.305 

0.309 

0.312 

0.321 

0.326 

2 

3K 

0-284 

0.288 

0.292 

0.295 

0.297 

0.306 

0.311 


4 

0.275 

0.278 

0.282 

0.285 

0.287 

0.296 

0.301 


4K 

0.266 

0.270 

0.273 

0.276 

0.278 

0.286 

0.290 


5 

0.258 

0.262 

0.265 

0.268 

0.270 

0.278 

0.283 


6 

0.250 

0.254 

0.257 

0.260 

0.262 

0.270 

0.274 


8 

0.236 

0.239 

0.242 

0.245 

0.247 

0.255 

0.258 


10 

0.224 

0.227 

0.230 

0.233 

0.235 

0.242 

0.246 


12 

0.219 

0.222 

0.225 

0.228 

0.230 

0.237 

0.240 
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Table 7. Coefficients of Transmission ( U ) for Pipes Insulated with Corrugated 
Asbestos Type Insulation (4 I^ies Per Inch Thickness) 

These coefficients are expressed tn Btu per hour per square foot of pipe surface per degree 
Fahrenheit difference tn temperature hemeen pipe and surrounding still air at 70 F 


Thicenxss 

OF 

Inbtjlitzon 

(IncBXs) 

Nomdul 

Pm 

Sob 

(Inobbs) 


Hot Water 



Steab 


120 P 

150 F 

180F 

210 F 

227 1 F 
(5 Lb) 

297 7F 
(SO Lb) 

~337 9F 
(100 Lb) 

TX3M&A.TCBS DuFBRXNCX 

SOF 

80P 

110 F 

140 F 

ijjQgQM 





0.890 


0.949 

0.978 

0 995 

1 065 

1.106 





0.857 

0.883 

0.898 

0.961 

0 997 


1 

0.731 

0 756 

0.780 


0.818 

0.876 

0.909 



0.671 


0.716 



0 801 

0.834 



0.635 

0 656 

0 677 

0 698 

0.710 

0.760 

0.788 


2 

0.595 

0.615 

0.635 

*0 656 

0.667 

0.715 

0.742 


2H 

0 567 


0.605 

0 624 

0 635 

0.680 

0.705 


3 

0.544 


0 580 

0 598 


0.652 

0.677 

1 


0.527 


0 561 

0 578 

0 588 

0 631 

0.654 


4 

0.513 


0 548 

0 565 

0.575 

0.616 

0 639 


4J^ 

0 502 


0 535 

0 551 

0 561 

0.601 

0.624 


5 

0 490 


0.523 

0 539 

0.549 

0 588 

0 611 


6 

0.480 


0.512 

0 528 

0 538 

0 577 

0 599 


8 

0.462 


0.493 


0.517 

0.554 

0.575 


10 

0.447 


0 476 



0.537 

0.557 


12 

0.441 

0.456 

0 470 



0.529 



H 

0.737 

0.762 

0.787 

0 812 

0.826 

0.884 

0 918 



0.657 

0.679 

0.702 

0.725 

0 737 

0.790 

0.820 


1 

0.594 

0 614 

0 634 

0.654 

0.666 

0 713 

0.740 


IK 

0 542 

0.559 

0.577 

0.596 

0 606 

0.649 

0.673 


IK 


0 524 

0.541 

0.558 

0 568 

0.609 

0.632 

{ 

2 

0.471 

0 487 

0 503 

0.519 

0 528 

0.565 

0.587 


2K 

0 443 

0.458 

0 473 

0.488 

0 497 

0.533 

0.553 


3 

0 421 

0 435 

0 449 

0.463 

0.472 

0.506 

0 525 

i 

3K 

0.403 

0 417 

0.430 

0.443 

0.451 

0.483 

0.502 


4 

0 393 

0.405 

0.418 

0.432 

0.439 

0.471 

0.489 


4K 

0 383 

0.394 

0.407 

0 420 

0.428 

0.460 

0.476 


5 

0.372 

0.384 

0.397 

0.409 

0.417 

0.447 

0.463 


6 

0 362 

0.374 

0.387 

0.399 

0.406 

0.436 



8 

0.343 

0.354 

0.366 

0.378 

0.385 

0.413 



10 

0.328 

0.339 

0.351 

0 362 

0.369 

0.397 



12 



0.346 

0 357 

0.364 

0.391 



K 

0.648 

0.670 

0.692 

0.713 

0.726 

0.779 

0.810 


H 

0.578 

0.598 

0.617 

0 637 

0.648 

0 694 

0.720 


1 

0.518 

0.535 

0.552 

0.570 

0.580 

0.622 

0.645 


IK 

0 469 

0.485 

0.501 

0.517 

0.527 

0.566 

0.587 


IK 

0.438 

0.452 

0.467 

0 481 

0.490 

0.526 

0.545 


2 

0.404 

0.417 

0.430 

0.444 

0 452 

0.483 

0.502 


2K 

0 379 

0 391 

0.403 

0.415 

0.422 

0.451 

0.466 


3 

0 356 

0.367 

0.378 

0.390 

0.397 

0.425 

0.440 

2 

3K 

0 339 

0.350 

0.361 

0.373 

0.380 

0.406 

0.421 


4 

0.328 

0 339 

0.350 

0.360 

0.367 

0.392 

0.406 


4K 

0.318 

0 328 

0.339 

0.350 

0.357 

0.381 

0.395 


5 

0.308 

0.318 

0.329 

0.340 

0.346 

0.370 

0.384 


6 

0.299 

0.309 

0.319 

0.329 

0.335 

0.358 

0.371 


8 

0.282 

0 291 

0.301 

mmum 

0 315 

0.336 

0.349 


10 

0.267 

0 276 

0 285 

0.294 


0.319 

0.332 


12 

0.263 

0 272 

0.280 

0,289 


0.314 

0 325 
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Table 8 Coefficients of Transmission ( U for Pipes Insulated with Corrugated 
Asbestos Type Inslxation 3 Plies I^r Inch Thickness* 

These coefficients are expressed tn Bin per uour pe^ square fcoi of i>:pe surface pe* degree 
Fahrenneii difererre in temperature hetueen pipe and surrj^unding still atr otTO F 


TmcKKisss , 

or 

Inbcultion i 
(Inchis) i 

) 


Noicinu. 

PIPI 

Sizi 

(1I7CSIS} 


Hot Water 

120 F 150 F 180 F :i:}F “ 

TxaiFEaATrBs DirrxaxHCX 

loT WV ’ 110 P , woT 15: 1 F 


Srxiic 

WTF 

50 Lo 


22 " 


TT 


537 9 F 
^ 100 Lb) 


267 9 P 



a 


0 820 

0 838 

0.857 

0 868 

0 913 

0.939 


J4 

0.723 

0 739 

0 756 

0 773 

0.7S3 

0 824 

0 847 


1 

0.658 

0 673 

0.6SS 

0.704 \ 0.713 

0.751 

0.772 


m 

0 606 

0 619 

0.633 

0 647 I 0 655 

0.688 

0 707 



0.573 

0.586 

0.599 

0 612 

0 619 




2 

0.538 

0.550 

0.562 

0 575 

0 581 




214 

0 511 


0 534 

0 546 

0 553 

p 

111 

t.j 

0.599 


3 

0 489 

0.501 

0.512 

0 524 

0.531 



1 

m 

0.474 

0 485 

0 496 

0.507 

0 514 

0.542 

Wiltijrm 


4 

0 461 


0 482 

0 493 

0.500 

0.527 

iiViS 


4J^ 

0.451 

0.462 

0 472 

0.482 

0 489 

0 515 



5 

0 442 

0.452 

0 462 

0.473 

0 479 




6 

0.432 

0.442 

0.452 

0 463 

0.468 




8 

0.416 

0.426 

0.436 

0 446 

0.451 




10 

mmidm 

0.412 

0 421 





12 

0.397 

0.406 

0.415 

0.424 

0.429 


0 466 


H 

0.664 

0.679 

0 695 

0 711 


0.759 



H 

0.593 

0.607 

0 621 

0 636 

0.643 

0.677 



1 

0 535 

0 547 


0.573 

vMjm 

0.611 



iH 

0.488 

0.499 

0.510 


0.528 

0.556 



Hi 

0.457 

0.467 

0.478 

0.490 

0.496 

0.522 

0.537 


2 

0,425 

0.434 

0.444 

0.455 

0.460 

0.485 



2H 

0.399 

0.408 

0.418 

0.428 

0.434 

0.457 



3 

0.378 

0.387 

0.396 

mEum 

0.411 

0.433 


IH 


0.363 

0.371 


0.388 

0.393 

0.415 

0.427 

4 

0.353 

0.361 

0.369 

0.378 

0.383 


0.415 



0.343 

0.351 


0.368 

0.373 


0.404 


5 

0.334 

0.342 


0.358 

WWm 


0.394 


6 

0.325 

0.333 

0.341 

0.349 

li 1 

0.373 

0.383 


8 

0,309 

0.316 

0.324 

0.332 

li 1 

0.355 

0.365 


10 

0.295 

0 303 

0.310 

0 318 

0.322 


0.350 


12 

i 

0.291 

0.298 


0.313 

0.317 

0.335 

0.344 




0.599 

0.613 

0.627 

0.635 

0.668 

0.688 


H 

■IlItTill 

0.533 

0.545 

0.558 

0.565 

0.595 

VMM 


1 

0.465 

0.476 

0.487 

0.498 

0.504 

0.532 



m 

0.422 

0.432 

0.442 

0.452 

0.458 

0.483 



Hi 

0.394 

0.403 

0.412 

0.422 

0.427 

0.450 

0.462 


2 

0.364 

0.372 

0.380 

0.388 

0.393 

0.415 

0.427 


2}i 

0.339 

0.347 

0.355 

0.363 

0 367 

0.387 

0.398 


3 

0.319 

0.327 

0.334 

0.342 

0.346 

0.365 

0.375 

2 

SH 

0 304 

0.311 

0.318 

0.326 

0.330 

0.349 

0.358 


4 

0.295 

0.302 

0.308 

0.315 

0.319 

0.336 

0.345 


4^ 

0.285 

0.292 

0.299 

0.306 

0.310 

0.327 

0.336 


5 

0.278 

0.284 

0.290 

0.297 

0 301 

0.317 

0.326 


6 

0.269 

0.275 

0.282 

0.288 

0 292 

0.307 

0.315 


8 

0.253 

0.259 

0.265 

0.270 

0 273 

0.288 

0.296 


10 

0.240 

0.245 

0.251 

0.257 

0.260 

0.275 

0.282 


12 

0 236 

0.241 

0 247 

0 253 

0.256 

0-270 

0.277 
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Table 9. Coefficients of Transmission ( U ) for Pipes Inslxated with Laminated 
Asbestos Type Insulation (30 to 40 Laminations Per Inch Thickness) 

These coejfficients are expressed, in Btu per hour per square foot of pipe surface per degree 
Fahrenheit difference in temperature between pipe and surrounding stiU air at 70 F 


TmcDoss 

or 

InsuLinoxr 

Nouekal 

Pip* 

See* 


Hot Wjltzs 


1 

• 

Steak 


120 P 

150F 

180 F 

210 F 

1 227 iF 
(5 Lb) 

297 7 F 
(50 Lb) 

337 9 F 
(100 Lb) 

(IircBxs) 

(Inches) 












TncpsaiTCBB Ditfksxnc* 






soF 

IlOF 

140 F 






0.605 


0.635 


0 658 

0.695 

0 716 


H 

0.546 


0.573 

0 586 

0.594 

0 627 

0.645 


1 

0.498 

■imuil 

0.522 

0.534 

0.541 

0.570 

0.587 


IH 

0.457 


0.480 

0.491 

0.497 

0.525 

0.540 



0.432 

0 442 

0.453 

0 464 

0.470 

0 496 

0.511 


2 


0 416 

0.426 

0.437 

0.442 

0 467 

0.481 


2H 

0.385 

0.395 

0.405 

0.415 

0.420 

0 443 

0.457 


3 

0.370 

0.379 

0.389 

0.398 

0 403 

0.425 

0 438 

1 

3H 

0 359 

0.367 

0.376 

0.385 

0.390 

0.413 

0.426 


4 

0.349 

0 358 

0.366 

0.375 

0.380 

0.402 

0.414 


4H 

0.341 

0.350 

0.359 

0.367 

0.372 

0 393 

0 405 


5 

0.334 

0.342 

0.351 

0.359 

0.364 

0 384 

0.395 


6 

0.327 

0.335 

0.343 

0.351 

0.356 

0.376 

0.387 


8 

0.314 

0.322 

0.330 

0 338 

0.343 

0.362 

0 373 


10 


0.312 

0.320 

0 328 

0.332 

0 350 

0.361 


12 


0.308 

0.316 

0.324 

0.328 

0.346 

0.356 


% 

0.502 

0.514 

0.526 

0.539 

0.546 

0.577 

0.595 


% 


0.461 

0.473 

0.484 

0.490 


0.532 


1 


0.415 

0.426 

0.436 

0.442 

0.466 

0.480 


IJi 

i 11 

0.378 

0.387 

0.396 

0 401 

0.423 

0.435 



0 343 

0.352 

0.361 

0.370 

0.375 

0 397 

0.409 

1 

2 

0.321 

0.329 

0.337 

0.345 

0.350 

0.369 

0.380 



0.301 

0.309 

0.317 

0.324 

0.330 

0.348 

0.358 


3 

0.286 

0.293 

0.301 

0.308 

0.313 

0.330 

0.340 



0 274 

0.281 

0.288 

0.295 

0 300 

0.316 

0.326 


4 

0 267 

0.273 

0.280 

0.287 

0.291 

0.307 

0.317 


4}^ 

0.259 

0.266 

0.272 

0.279 

0.283 

0.299 

0.308 


5 

0.253 

0.260 

0.266 

0.272 

0.276 

0.291 

0.300 


6 

0.247 

0.253 

0.260 

0.266 

0.269 

0.284 

0.293 


8 

0.234 

0.240 

0.246 

0.252 

0.255 

0.270 

0.279 


10 

0.223 

0,229 

0.235 

0.241 

0.245 

0.258 

0.266 


12 

0.221 

0.227 

0.232 

0.238 

0.241 

0.255 

0.263 


H 

0.442 

0.453 

0.464 

0.475 

0.481 

0.508 

0.523 


H 

0.392 

0.402 

0.412 

0.422 

0.428 

0.452 

0.465 


1 

0.352 

0.360 

0.369 

0.378 

0.383 

0.405 

0.417 


IH 

0.319 

0.327 

0.335 

0.343 

0.348 

0.367 

0.379 


IH 

0.297 

0.304 

0.311 

0.319 

0.323 

0.341 

0.352 


2 

0.274 

0.280 

0.287 

0.294 

0.298 

0.314 

0.324 


2H 

0.256 

0.262 

0.269 

0.275 

0.279 

0.293 

0.302 


3 

0.243 

0.249 

0 254 

0.260 

0.264 

0.277 

0.285 

2 

SH 

0.231 

0.236 

0.242 

0.248 

0.251 

0.265 

0.273 


4 

0.223 

0.228 

0.234 

0.240 

0 243 

0.257 

0.265 



0.216 

0.222 

0.227 

0.233 

0.236 

0.249 

0.256 


5 

0.210 

0.215 

0.220 

0.225 

0.228 

0.241 

0.248 


6 

0.203 

0.208 

0 213 

0.218 

0.221 

0.233 

0.240 


8 

0.191 

0.196 

0.201 

0.206 

0.209 

0.220 

0.227 


10 

0.182 

0.187 

0 192 

0.196 

0.199 

0.210 

0 215 


12 

0.178 

0.183 

0.187 

0.192 

0.195 

0.205 

0.210 
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Table 10. Coefficients of Transmission f U) for Pipes Insulated with Laminated 
Asbestos Type Insulation (Approximately 20 Laminations Per Inch Thickness) 

These coefficients are expressed tn Btu per hour per square foot cf pipe surface per degree 
Fahrenheit difference in temperature beiieeen pipe and surrounding still at 70 F 


Hot Watis Stkak 


or 

iHBIlLAZIOiC 

Pm 

SlZB 

120 F 

ISOF 

IMF 

210 F 

221 iT 
'5 Lb/ 

29- 7 F 
-50 Lb' 

337 9 F 
(IXLbl 

(15CH1S) 

(ISCBIS) 












TnoxsATHCt DamssNcs 





soT 

mP 

noF 

140 F 

15: IF 

227 7 P 



14 

0-910 

0 925 

0.940 

0.956 

0.961 

1.001 

1 022 



0.823 

0.836 

0.850 

0.863 

0.871 

0.902 



1 

0.748 

0 760 

0 773 

0.785 

0.792 

0.S23 




0.686 

0.698 

0.710 

0.721 

0.728 

0.756 



114 

0.619 

0.659 

0.671 

0.682 

0.688 

0.716 



2 

0.610 

0.620 

0 630 

0.610 

0.647 

0.671 

0.685 


2}4 

0 581 

0.590 

0 600 

mssm 

0.615 

0.638 



3 

0 558 

0.567 

0 576 

0.585 

0.591 

0.613 

0 626 

1 

3)4 

0 539 

0 548 

0.557 

0.566 

0 571 

0.592 

0.601 


4 

0.524 

0.532 

0.541 

0.551 

0 556 

0.577 

0.5S9 


*J4 

0 514 

0.522 

0 530 

0.539 

0.544 

0.564 

0.575 


5 


0.511 

0 519 

0 528 

0.533 

0.553 

0.565 


6 

0.492 

0.500 

0.509 

0.517 

0 522 

0.542 

0.553 


8 

0 473 

0.480 

0 485 

0 497 

0.502 

0.521 

0.5^2 


10 

0.458 

0.465 

0 473 

0.481 

0.4S5 

mssm 

0 514 


12 

0.452 

0.459 


0.475 

0.478 

0.497 

0.507 



0.755 

0.767 

0.780 

0.793 

0.800 

0.831 

0 848 


H 

0.674 

0.685 

0.697 

0.708 

0.715 

0.743 

0.759 


1 

0.607 

0.618 

0.628 

0 639 

0.645 

0.670 

0.684 


m 

0.553 

0.562 

0.572 

0.581 

0.587 

0.610 

0 622 


IH 

0.517 

0.527 

0.536 

0.545 

0.550 

0.572 

0 584 


2 

0.481 

0 490 

0.499 

0.508 

0.513 

0 535 

0 547 


2H 

0.453 

0.460 1 

0.469 

0.477 

0.481 

0.500 

0.511 


3 

0.429 

0.436 

0.444 

0.452 

0.456 

0.475 

0.485 

IH 

SH 

0.412 

0.419 

0.427 

0.434 

0.438 

0.456 

0 465 


4 

0.400 

0.407 

0.415 

0.422 

0.426 

0.443 

0.453 



0.390 

0.396 

0.402 

0.409 

0.413 

0.429 

0 437 


5 

0.380 

0.386 

0.393 

0.400 

0.403 

0,418 

0.427 


6 

0.369 

0.375 

0.382 

0.389 

0.392 

0.408 

0.417 


8 

0.351 

0.358 

0.364 

0.370 

0.374 

0.388 

0.397 


10 * 

0.337 

0.344 

0.350 

0.356 

0.359 

0.373 

0.382 


12 

0.332 

0.338 

0.344 

0.350 

0.353 

0.367 

0.375 


H 

0.664 

0.675 

0.687 

0.698 

0.704 

0.732 

0 747 


H 

0.591 

0.601 

0.611 

0.621 

0.627 

0.652 

0.665 


1 

0.529 

0.538 

0.547 

0.557 

0.562 

0.584 

0.597 


IH 

0.480 

0.488 

0.497 

0.505 

0.510 

0.529 

0.540 


IH 

0.445 

0.453 

0.462 

0.470 

0.475 

0.494 

0.504 


2 

0.412 

0.420 

0.427 

0.434 

0.438 

0.455 

0.464 


2H 

0.385 

0.392 

0.398 

0.405 

0.409 

0.425 

0.434 


3 

0.364 

0.370 

0.376 

0.382 

0.385 

0.400 

0.408 

2 

SH 

0.346 

0.352 

0.358 

0.365 

0.368 

0.382 

0.390 


4 

0 336 

0.342 

0.348 

0.354 

0.357 

0.371 

0,378 


4ii 

0.325 

0.332 

0.338 

0.343 

0.346 

0.360 

0.367 


5 

0.316 

0.322 

0.327 

0.333 

0.336 

0.349 

0.356 


6 

0.306 

0.312 

0.317 

0.323 

0.326 

0.338 

0.345 


8 

0.288 

0.293 

0.298 

0.303 

0.306 

0.317 

0.324 


10 

0.275 

0.279 

0.284 

0.289 

0.292 

0 302 

0.308 


12 

0.269 

0.274 

0.278 

0 283 

0 286 

0.296 

0.%2 
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Table 11. Coefficients of Transmission (U) for Pipes Inslxated 
WITH Roce Wool Type Insulation 


These coefficients are expressed %n Btu per hour per square foot of pipe surface per degree 
Fahrenheit difference tn temperature betrjoeen pipe and surrounding still air at 70 F 


TfixcEmsa 

OF 

Insuiation 

(iMCEOa) 

Noucul 

Fxps 

SlZB 

(Inches) 


Hot Watxb 

] 

li 


Steau 


120 F , 

ISOF j 

180 F 

210 F j 

2271 F 

rsLb) 

297 7 F 
(SO Lb) 

337 9 F 
(100 Lb) 

TEIIPEBA.TCBB Diffbbbncb 

50 F 

80F 

IlOF 

140 F 

157 IF 

227 rF 

267 9 F 


i4 

0.631 

0 644 

0.658 

0 672 

0.680 

0 712 

0 730 



0 569 

0.581 

0.593 

0 606 

0.613 

0.642 

0 659 


1 

0.518 

0 529 

0.541 

0.552 

0.559 

0.585 

0 600 



0.476 

0.486 

0.497 

0.507 

0.513 

0.537 

0.551 



0.450 

0.460 

0.470 

0.480 

0.485 

0.508 

0.522 


2 

0 422 

0.431 

0.441 

0.450 

0.456 

0.478 

0.490 


2M 

mmlsm 

0.411 

0.420 

0 428 

0.434 

0.455 

0.466 


3 

0 385 

0.394 

0.402 

0.411 

0.415 

0.435 

0.446 

1 

3M 

0.373 

0.381 

0.389 

0.398 

0.402 

0.421 



4 

0 363 

0.371 

0.379 

0 387 

0 392 

0.411 




0.355 

0.363 

0.371 

0.379 

0 383 

0.402 

tmm 


5 

0 348 

0.356 

0.364 

0.371 

0.376 

0.394 

0.401 


6 

0 341 

0 348 

0.356 

0.363 

0.368 

0.386 

0.396 


8 

0.327 

•0.335 

0.342 

0.349 

0.353 

0.372 

0.381 


10 

0.317 

0.324 

0.331 

0.338 

0.343 

0 360 

0.369 


12 

0 313 

0.320 

0.327 

0.334 

0.338 

0.355 

0.364 


H 

0.523 

0.534 

0.545 

0.556 

0.563 

0 590 

0 606 


H 

0 468 

0 477 

0.487 

0.497 


0.528 



1 

0.421 

0.430 

0.440 

0.449 

0 455 

0.477 



IK 

0 383 

0.391 

0.399 

0.407 

0.412 

0 433 



IK 

0.359 

0.366 

0.375 

0.383 

0 387 

0.407 



2 

0.333 

0.340 

0.348 

0.356 

0 360 




2K 

0.314 

0.320 

0.327 

0.335 

0.339 




3 

0.296 

0.302 

0.310 

0.317 

0 321 

0.337 

0.347 

IH 

3K 

0 286 

0.291 

0.298 

0.304 

0.307 

0.323 

0.332 


4 

0.278 

0.284 

0.290 

0.296 

0 300 

0.315 

0.323 


4K 

0.270 

0 276 

0.282 

0.287 

0 291 

0.305 

0.313 


5 

0.263 

0.269 

0.275 

0.280 

0.284 

0.298 

0.305 


6 

0.2S7 

0.262 

0.267 

0.273 

0.277 

0.290 

0.297 


8 

0.244 

0.249 

0.254 

0.260 

0 263 

0 276 

0.283 


10 

0 235 

0 240 

0.245 

0.250 

0.253 

0.26S 

0.272 


12 

0.230 

0.234 

0.239 

0 245 

0 247 

0.260 

0.267 


K 

0.461 

0.471 

0.481 

0.491 

0 496 


0.534 


K 

0 409 

0.418 

0.427 

0.436 

0 441 


0.475 


1 

0.366 

0.374 

0.382 

0.390 

0.395 

0 415 

0.427 


IK 

0.333 

0,340 

0.347 

0.355 

0.359 

0.377 

0.387 


IK 

0.310 

0.316 

0.323 

0.330 

0.334 

0.351 

0.360 


2 

0.286 

0.292 

0.298 

0.304 

0.308 

0.323 

0.331 


2K 

0.268 

0.274 

0.279 

0.285 

0 289 

0.302 

0.310 


3 

0.252 

0.257 

0.262 

0.268 

0.272 

0.284 

0.292 

2 

3K 

0.241 

0.246 

0.251 

0.257 

0.260 

0.272 

0.280 


4 

0.232 

0.237 

0.242 

0.247 

0 250 

0.262 

0.269 


4K 

0.225 

0 230 

0.235 

0.240 

0.243 

0.255 

0.262 


5 

0.218 

0.223 

0.228 

0.233 

0.236 

0.247 

0.253 


6 

0.213 

0.217 

0.221 


0 228 

0.239 

0.245 


8 

0.200 

0.204 

0.208 

0.213 

0.215 

0.225 

0.231 


10 

0.189 

0.193 

0.197 

0.201 

0.204 

0.214 

0.220 


12 

0.185 

0.190 

0.194 

0.198 

0 200 

0.210 

0.216 
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inclusive. The loss through other thicknesses of the materials, and for 
other hot water or steam temperature conditions may be obtained by 
interpolation. The heat loss coefficients given in Tables 6 to 11 are 
bstsed on the conductivities in Table 6 and were computed from data 
given in Chapter 22, The Guide 1931. 

LOW TEMPERATURE PIPE INSULATION 

Surfaces maintained at low temperatures should be insulated so as to 
retard the flow of heat from the outside into the low temperature area and 
to prevent the formation of condensation and of frost if the temperatures 
are low enough, as well as to prevent corrosion induced by the presence 
of condensed moisture on metal surfaces. Materials commonly used for 
insulating pipes and surfaces at low temperatures are cork, rock cork, 
hair felt and other felted or flbrous non-absorbent materials. Thermal 
conducti\ities of low temperature insulating materials are given in 
Chapter 5. 

Insulating materials are available commercially to meet var>'ing tem- 
perature gradients. For example, the thickness of insulation for ice water 
is approximately IJ^ in. if the temperature in the line is not lower than 
25 F; the thickness of insulation for brine is approximately 2H in. where 
the temperature ranges from 0 deg to 25 F; and the thickness of i nsulation 
where the brine temperature ranges from — 30 F to 0 deg is approxi- 
mately 4 in. 

Insulation to Prevent Freeidng 

If the surrounding air tmperature remains sufficiently low for an 
ample period of time, insulation cannot prevent the fr^eezing of still water, 
or of water flowing at such a velocity that the quantity of heat carried in 
the water is not sufficient to take care of the heat losses which will result 
and cause the temperature of the water to be lowered to the freezing 
point. Insulation can materially prolong the time required for the water 
to give up its heat, and if the velocity of the water flowing in the pipe is 
maintained at a sufficiently high rate, freezing may be prev^ented. 

Table 12 may be used for making estimates of the thickness of insula- 
tion necessary to take care of still water in pipes at various water and 
surrounding air temperature conditions. Because of the dan^e and 
service interruptions which may result from frozen water in pipes, it is 
essential that the most efficient insulation be utilize. This table is 
based on the use of hair felt or cork, having a conductivity of 0.30. The 
initial water temperature is assumed to be 10 deg above, and the sur- 
rounding air temperature 50 deg below the freezing point of water (tem- 
perature difference, 60 F). 

The last column of Table 12 gives the minimum quantity of water at 
initial temperature of 42 F which should be supplied every hour for each 
linear foot of pipe, in order to prevent the temperature of the water from 
being lower^ to the freezing point. The weights given in this colunm 
should be multiplied by the total length of the ^pos^ pipe line expressed 
in feet. As an additional factor of s^ety, and in order to provide ag^st 
temporary reductions in flow occasioned by reduced pressure, it is 
advisable to double the rates of flow listed in the table. It must be 
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emphasized that the flow rates and periods of time desi^ated apply only 
for the conditions stated. To estimate for other service conditions the 
following method of procedure may be used. 

If water enters the pipe at 52 F instead of 42 F, the time required to 
cool it to the freezing point will be prolonged to twice that given in the 
table, or the rate of flow of water may be reduced so that the quantity 
required will be one-half that shown in the last column of Table 12. 
However, if the water enters the pipe at 34 F it will be cooled to 32 F in 
one-fifth of the time given in the table. It will then be nectary to in- 
crease the rate of flow so that five times the specified quantity of water 
will have to be supplied in order to prevent freezing. 

If the minimum air temperature is — 38 F (temperature difference, 
80 F), instead of —18 F, the time required to cool the water to the 


Table 12. Data for Estimating Requirements to Prevent 
Freezing of Water in Pipes 


Noxdui. 

PiFS 

Sosi 

(IKCEB3) 

NmiBSE or Hoobs 

TO Cool 

Wins to 

Fbkzzino Porar 

WiTBB Eiquzbbd to Flot 
to Pbbtxnt Fbzbing. 

Pounds n& Ldobib Foot or 

Pm FBB Houb 


TIudauBB of Ixsoktion m Ine^ 


1 

2 

3 

1 

2 

3 


0.42 

0.50 

0.57 

0.54 

0.45 

0.40 

1 

0.83 

1.02 

1.16 

0.68 

0.55 

0.48 


1.40 

1.74 

2.02 

0.84 

0.68 

0.58 

2 

1.94 

2.48 

2.90 

0.95 

0.75 

0.64 

3 

3.25 

4.27 

5.08 

1.24 

0 94 

0.79 

4 

4.55 

6.02 

7.20 

1.47 

1.11 

0.93 

5 

5 92 

7.96 

9.69 

1.73 

1,29 

1 06 

6 

7.35 

9.88 

12.20 

1.98 

1.46 

1.19 

8 

10.05 

13.90 

17.25 

2.46 

1.78 

1.44 

10 

13.00 

18.10 

22.70 

2.96 

2.12 

1.70 

12 

15.80 

22.20 

28.10 

3.43 

2.46 

1.93 


freezing point will be 60/80 of the time given in the table, or the necessary 
quantity of water to be supplied will be 80/60 of that given. 

In making calculations to arrive at the values given in Table 12, the loss 
of heat stored in the insulation, the effect of a varying temperature dif- 
ference due to the cooling of pipe and water, and the resistance of the 
outer surface of the insulation to the transfer of heat to the air have all 
been n^lected. When these factors enter into the computations it is 
necessary to enlarge the factor of safety. Also as stated, the time shown 
in the table is that required to lower the water to the freezing point. ^ A 
longer period would be required to freeze the water, but the dmiger point 
is reached when freezing starts. The flow of water will stop and Ae entire- 
line will be in danger as soon as the water freezes across the section of the 
pipe at any point. 

When water must remain stationary longer than the times designated in 
Table 12, the only safe way to insure gainst freezing is to install a steam 
or hot water line, or to place an electric resistance heater along the side of 
the exposed water line. The heating system and the water line are then 
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insulated so that the heat losses from the heating system are not exces- 
sive, and the heating effect is concentrated against the water pipe where 
it is needed. For this form of protection 2 in. of an efScient insulation 
may be applied. 



Fig. 2. Thickness of Pipe Insolation to Prevent Swbatinc^ 

■Solve pioUexns by dxawing lines as indicated bv dotted line, entering chart at lower left band scale. 


Pipe Sweating 

In some cases the prevention of condensation rather than the con- 
servation of heat is the governing factor in determining the thickness of 
insulation required. Fig. 2 may be used for detemining the thickness of 
any material of known conductivity which should be usrf to prevent con- 
densation on pipes and flat metallic surfaces. The surface resistances used 
for calculating the family of curves in Fig. 2 are based on the results of 
tests made on canvas-cover«i pipe insulation surfaces at Mellon Institute 
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HOURS oronmnoN per year 


(L B, McMillan, Proc , Naiumal Dist. Seafinz Ass*it , Vbl 18, p 188 ) 

Fig. 3. Chart for Determining Economical Thickness of Insulation 
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However, it has been found that the resistance for asphaltic and roofing 
surfaces is practically the same as for canvas surfaces, so that the curv^es 
given may be followed with no alteration for surfaces commonly used. 

Moisture will be deposited on a surface whene’. er its temperature falls 
to that of the dew point. The maximum permissible temperature drop 
is indicated on Fig. 2 at the point where the guide line passes through the 
horizontal scale at the left center of the chart. This temperature drop 
represents the difference between the dr>"-bulb temperature and the dew- 
point temperature for the conditions involved. (See discussion of con- 
densation in Chapter 7.) 

The rate of heat loss from a surface maintained at constant temperature 
is greatly increased by air circulation over the surface. In the case of 
well-insulated surfaces the increases in losses due to air velocity are ver\' 
small as compared with increases showm for bare surfaces, because of the 
fact that air flowing over the surface of the insulation can increase only 
the rate of heat transfer from surface to air, and cannot change the internal 
resistance to heat flow inherent in the insulation itself. The maximum 
increase in loss due to air velocity ranges from about 30 per cent in the 
case of 1-in. thick insulation, to about 10 per cent in the case of S-in. thick 
insulation, proxided that the insulation is thoroughly sealed so that air 
can flow only over the surface. 

If the conditions are such that the air may circulate through cracks 
and cre\dces in the insulation, the increases may be far greater than those 
given. Therefore, it is essential that insulation be sealed as tightly 
as possible. Pipe insulation out-of-doors should be provided with a 
waterproof jacket, and other outdoor insulation should be thoroughly 
weatherproofed. 


ECONOMICAL PIPE THICKNESS 

Table 13 shows the thicknesses of insulation which ordinarily are used 
for various temperature conditions. WTiere a thorough analysis of 
economic thickness is desired, this may be accomplished through the use 
of the chart, Fig. 3. 

The dotted line on the chart illustrates its use in solving a t 5 T)i(^l 
example. In using the chart, start with the scale at the left bottom margin 
representing the given number of hours of operation per year; then 
proceed vertically to the line representing the ^ven value of heat; thence 
horizontally, to the right, to the line representing the given temperature 
difference; thence vertically to the line representing the conductivity of 
the given materid ; thence horizontally, to the left, to the line representing 
the given discount on that materid; thence vertically to the curve 
representing the required per cent return on the investment; thence 
horizontally, to the right, to the cun-’^e representing the given pipe size; 
tiience vertically to the scale at the top right margin where the economical 
thickness may be read off directly. 

Underground Insulation 

Underground steam distribution lines are carried in protective strac- 
tures of various t 5 q)es, sizes and shapes. (See Chapter 37.) Detailed 
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Table 13 Thicknesses of Insulation Ordinarily used Indoors* 


Steau Fbsssubzs 
(LbGagx) 

OB CoMninoNs 

Steak Txkpbbattjbxs 
Dxgbzes 
Fahbenhxit 

Tbzcsness 07 Inbclatxon 

1 2^^ ' 4^ 

1 4In. ; tolHln. 

0 to 25 

212 to 267 

1 in. 

1 in. 

1 in 

25 to 100 

267 to 338 

la in. 

1 in. 

1 in 

100 to 200 

338 to 388 

2 in 


1 in. 

Low Superheat 

388 to 500 

2H in- 

2 in. 

m in. 

Medium Superheat 

500 to 600 

3 in. 

2J^ in. 

2 m. 

High Superheat 

600 to 700 

ZH in. 

3 in 

2 in 


*A11 pipms located outdoors or exposed to weather is ordinarily insulated to a thickness m greater 
than shown in this table, and covered with a waterproof jacket 


Table 14. Thickness of Loose Insulation for Use as 
Fill in Underground Conduit Systems 


Steam 

Steam 


^MumniM 

DlSTANCa 

Pkessubes 
(Lb Gage) 

OB CONBITZONS 

Tzmfbbatdbbs 

Degrees 


Steam Likes 


1 Retubn Lines 

Between 

Steam 

Pabbsmheet 

Pipes Less 

fhftn A In 

Pipes 4 In 
to 10 In. 

Pipes Larger 

12 £i 

Pipes Less 

t.nuTi A Tw. 

Pipes 4 In 
and Larger 

AND 

Rxtebn 

Hot Water, 








or0to25 

212 to 267 

IH 

2 

2}i 

1 

25 to 125 

267 to 352 

2 


3 

m 


Above 125, or 





IM 

iH 


superheat 

352 to 500 


3 

3M 


data on commonly used forms of tunnels and conduit systems have been 
published by the National District Heating Association^ 

Pipes in tunnels are covered with sectional insulation to provide 
mflirinnim thermal efBdency and are also finished with good medianical 
protection in the form of metal or waterproofing membrane outer 
jackets- Conduit systems are in more general use Aan tunnels. Pipes 
carried in conduits may be insulated with sectional insulation ; however, 
the more usual practice is to fill the entire section of the conduit around 
the pipes with high quality, loose insulating material. The insulation 
must be kept dry at all times, and for this p^ose effective waterproofing 
membranes enclose the insulation. A drainage system is also provided 
to divert water which may tend to enter the conduit. 

The economical thickness of insulation for undeqgnround work is dif- 
ficult of accurate determination due to the many variables which have to 
be considered. As a result of theories* previously developed, together with 
other experimental data which has been presented, the usual endeavor is 
to secure not less than 90 per cent efficiency for underground piping. 


^Handbook cf the National District Beating Assoaotumt Second Edition. 1932 

•Theory of Heat Losses from Pipes Buried m the Ground, by J. R. Allen (ASH V.E. Transactions, 
Vol 26. 1920) 
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Table 14 can be used as a guide in arriving at the minimum thickness of 
loose insulation fills to use for laying out conduit systems. Other factors 
such as the number of pipes and their combination of sizes, as well as the 
standard conduit sizes, are primary’ controlling factors in the amount and 
thickness of insulation for use. 

When sectional insulation is applied to lines in tunnels or conduits, 
usual practice is to apply the most efficient materials J 2 hi. less in thick- 
ness than that determined by the use of Fig. 3. Fig. 3 is based on con- 
ditions of insulation exposed to the air, whereas normal ground tempera- 
ture is substituted for air temperature in determining the temperature 
difference for use with the chart when appl>’ing it for underground pipe 
line estimates. 


PROBLEMS IN PRACTICE 

1 • THsat precautions must be taken in selecting insulation used for cohering 
pipe lines canning materials at temperatures lower tban the dew point? 

Materials intended for this service should be as moisture proof aspo^ble and in addition 
an outer covering should be applied \ihich is proof against diffusion of air and water 
vapor. If the material permits the diffusion of air, the air will reach a ^int in the 
cov’ering where the temperature is below* the dew point. The condensed water will 
gradually accumulate until the covenng becomes saturated, which will increase the 
conductivity and perhaps lower the mechanical strength of the covering until it becomes 
w'orthless. 

2 0 Compute the total annual heat loss from 165 ft of 2-in. bare pipe in service 
4000 hours per year. The pipe is carryii^ steam at 10 lb pressure and is exposed 
to an average air temperature of 70 F« 

The pipe temperature is taken as the steam temperature, which is 239.4 F, obtained 
from Table 8, Chapter 1. The tempmtuxe difference betwreen the pipe and air « 239.4 
— 70 ■* 169.4 deg. By interpolation of TaWe 1 between temperature differences of 
157.1 F and 227.7 F, the heat loss from a 2-m. pipe at a temperature difference of 169.4 
d^ is found to be 1.677 Btu per hour per Hnear foot per degree temperature difference. 
The total annual heat loss from the entire » 1.677 X 169.4 X 165 (linear feet) X 4000 
(hours) ae 188,000,000 Btu. 

3 • Coal costing $11.50 per ton and having a calorific value of 13*000 Btu per 

E d is being horned in the fomaee supplyliig steam to the pipe line given in 
don 2.^ur the ssrstem is operating at an over-all efficiency o£ 55 per cent 
mine the monetary value m the annual heat loss firom the line. 

The cost of heat per 1 milluKi Btu supplied to the system » 1, OCX), 000 X 11.5 (dollars) 
-5- 13,000 (Btu) X 2000 Ob) X 0.66 (efficiency) » 30.804. The total cost of heat 
lost per year = 0.804 X 1^ (inillion Btu) = $151.15,* 

4 • If the steam line given in Question 2 is covered with 1-im thick 85 p^ cent 
determine the resulting total annual heat loss through the insula- 
tion. Also compute the monetary value of the annual saving and the x»cr- 
centage of saving over the heat loss firom the bare pipe. 

By interpolation of Table 6 between temperature differences of 157.1 F and 227.7 F, the 
coefficient of transmission for l-in. magnesia on a 2>in. pipe is found to be 0.525 Btu per 
hour per square foot of pipe surface per degree temperature difference at a tempmture 
diffefence of 169.4 deg. Ihe total hourly loss per square foot of insulated pipe will then 
be 0.525 X 169.4 » 89.04 Btu. From Table 3 the area per linear foot of 2-m. pipe is 


*A dofldy appranmatesolQUoa of this problem may be qmckly made by nae of the eat hnatin g diart afven 

utFSg. 1. 
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found to be 0.622 sq ft The total annual loss through the insulation =* 89 04 X 0 622 
X 165 (line^ feet) X 4000 ^hours) = 36,550,000 Btu The annual bare pipe loss as 
determined in the solution of Question 2 wrs iFound to be 18S 000,000 Btu The saving 
due to insulation is then 188,000,000 - 36,550,000 = 151,350,000 Btu per year. 

From the solution of Question 3 it was found that the heat supplied to the system cost 
$0 804 per million Btu, therefore, the monetary value of the saving = 0 804 (dollars) 
X 151.35 (million Btu) =■ S121.69, or 81 2 per cent of the cost w^hen using uninsulated 
pipe. 

5 • '!l^e manafacturer^s list price for 85 per cent magnesia insulation is $0.36 
per Imear foot for l-in. (standard thick) material to cover a 2->in. pipe. De- 
termine the period of time required for the saving found in Question 4 to pay 
for the cost of the insulation if it can be purchas^ and applied at 80 per cent 
of list price (20 per cent discount). 

The applied cost of insulation = 165 Qmear feet) X 0 36 (dollars) X 0 80 (net) 
= 47 52. Since the annual saving as found in Question 4 amounts to $121.69, the in- 
sulation will pay for its cost m 47.52 ~ 121.69 = 0 3905 years, in other words, the cost 
will be repaid 2 56 times by the saving obtained in one heatmg season. 

6 • The conductivity of magnesia insulation is 0.455 at the mean temperature 
which will result under the conditions of Question 4. Estimate the most 
economical thickness of magnesia for application on the pipe when operating 
under the conditions which are given in the foregoing problems and when a 
20 per cent return is required on the investment for insulation. 

Use chart ^ven in Fig 3. B^;in at the left bottom margin and proceed successively as 
shown by the dott^ line example to the following essenti^ data which are collected from 
the problems previously given: 

4000 hours operation per year. 

$0,804 value of heat, dollars per million Btu. 

169.4 deg temperature difference. 

0 455 conductivity of insulation. 

20 per cent discount from list, cost of insulation 
20 per cent fixed charges, return on investment 
2-in, pipe size. 

Solution of the problem by use of Fig 3 results in a required thickness of approximately 
1.05 m. The nearest commercial thickness procurable is standard thick (lJi2 in) 
magnesia. 

(It IS of interest to note that the use of Fig. 8 will generally result m solutions which, for all practical pur- 
I>oses. agree dosely with the specifications for thic^esses given m Table 13 ) 

7 • Determine the minimum thickness of wool fdlt insulation having a con- 
ductivity of 0.30 necessary to prevent condensation of moisture on a 4-in. pipe 
oarr^g cold water at a temperature of 40 F when the surrounding air reaches 
maximum conditions of 90 F with a relative humidity of 90 per cent* 

The difference between the temperature of the pipe and the surrounding air is 90 — 40 
= 50 deg. For quick estimating purposes use the chart ^en in Fig. 2 £nter this chart 
at the lower left margin on the 90 per cent relative humidity line and proceed horizontally 
to the right to intersect the 90 d^ air temperature Ime rroject a ]^e up to the 50 d^ 
temperature difference line, and then horizontally to the right to the intersection with the 
4-in. pipe size Ime. From this point proceed down to intersect the 0.30 line which denotes 
the conductivity of the insulation. Directly oppoate this point of intersertion the correct 
thickness of insulation is read from the scale on the lower right margin This chart 
solution denotes that wool felt 2 4-in. thick is sufl5dent to prevent condensation. The 
nearest commercial thickness procurable is 2^ in. 

For prevention of condensation as well as for protection against freezing, if the thickness 
determmed theoretically cannot be had, it is better to apply the next neater thickness 
procurable rather than to use any lesser thickness because an additional factor of safety 
is thus obtauned. 
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Chapter 37 


DISTRICT HEATING 


Piping Distribution^ Selection of Pipe Sises^ Provision for JEx- 
panmon. Capacity of Returns vcith Various Grades^ Conduits for 
Piping, Pipe Tunnels^ Building Service Connections, Steam Con 
sumption. Fluid Meters and Metering, Rates 


T hose phases of district heating which frequently fall within the 
province of the heating engineer are outlin^ here with data and 
information for solving incidental problems in connection with institutions 
and factories and for the design of heating systems for buildings which are 
to be supplied with purchased steam. A complete district heating instal- 
lation should not be attempted without a thorough study of the entire 
problem by men competent and experienced in that industr\\ 

PIPING DISTRmunON 

The methods used in district heating work for the distribution of steam 
are applicable to any problem invohdng the supply of steam to a group of 
buildings. The first step is to establish the route of the pipes, and in this 
matter the local conditions so fully control the layout that little can be 
said r^arding it. 

Having established the route of the pi^, the next step is to calculate 
the pipe sizes. In district heating work it is common practice to design 
the piping system on the basis of pr^ure drop. The initial pressure and 
the minimum permissible terminal pressure are specified and the pipe 
sizes are so chosen that the required amount of steam, with suitable 
£illowances for future increases, will be transmitted without exceeding 
this pressure drop. The steam velocity is therefore almost disregarded 
and may reach a very high figure. Velocities of 35,000 fpm are not con- 
sidered high. By the use of this method the pipe sizes are kept to a 
minimum with consequent savings in investment. 

The steam flowing through any section of the piping can be computed 
from a study of the requirements of the sever^ buildings serv^ed. In 
general a condensation rate of 0.25 lb per hour per square foot of equiva- 
lent heating surface is a safe figure. This allows for line condensation 
which, however, is a small part of the total at times of maximum load. 
Any unusual requirements such as those for process steam should be 
individually calculated. 

The steam requirements for water heating should be taken into account, 
but in most typ^ of buildings this load wifi be relatively small compared 
with the heating load and will seldom occur at the time of the heating 
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peak. Unusual features such as lai^e heaters for swimming pools should 
not be overlooked. 

The pressure at which the steam is to be distributed will depend, in 
part, upon whether or not it has been passed through electrical generating 
units. If it has, the pressure will be considerably lower than if live steam, 
direct from the boilers, is used. The advantages of low pressure distribu- 
tion (2 to 30 lb per square inch) are (1) smaller heat loss from the pipes, 
(2) less trouble with traps and valves, and (3) simpler problems in pressure 
reduction at the buildings. With distribution pressures not exceeding 
40 lb per square inch there is little danger even if the full distribution 
pressure should build up in the radiators through the faulty operation of 
a reducing valve; but with pressures higher than this a second reducing 
valve or some form of emergency relief is usually desirable to prevent 
excessive pressures in the radiators. The advantages of high^ pressure 
distribution are (1) smaller pipe sizes and (2) greater adaptability of the 
steam to various operations other than building heating. 

The different kinds of apparatus which frequently must be ser\^ed 
require various minimum pressures. Kitchen equipm^t requires from 
5 to 15 lb per square indi, the higher pressures being necessary for 
apparatus in which water is boiled, such as stoc^ kelties and coffee urns. 
An increased amount of heating surface, which is easily obtained m some 
kinds of apparatus, results in quicker and more satisfactory operation at 
low pressures. For laundry equipment, particularly the mangle, a pres- 
sure of 75 lb per square inch is usually demanded although 30 lb per square 
inch is sufficient if the mangle is equipped with a large number of rolls ^d 
if a slow rate of operation is permissible. Pressing machines and hospital 
sterilizers require about 50 lb per square inch. 

PIPE SIZES 

The lengths of pipe, steam quantities, and initial and terminal pressures 
having been chosen, the pipe sizes can readily be calculated by means of 
the Unwin pressure drop formula. This formula, which gives pressure 
drops slightly larger than actual test results, is as follows: 

0.0001306 W'Z (l + %-) (1) 

^ 255 


where 

P = pressure drop, pounds per square inch. 

W - weight of steam flowing, pounds per minute. 

L = length of pipe, feet. 

D « inside diameter of pipe, inches 
d « average density of steam, pounds per cubic foot. 

This formula is similar to the Babcock formula given in Chapter 32. 
Information on provision for expansion will be found in Chapter 34. 
In general, return lines when installed follow the contour of the land, 
and Table 1 gives sizes of return pipes for various grades. It is evident 
that at points where the grade is great, smaller pipes can be installed. 
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CONDUITS FOR PIPING 

Conduits for steam pipes buried underground should be reasonably 
waterproof, able to withstand earth loads and tc take care cf the expan- 
sion and contraction of the piping without strain or stress on the couplings, 
or without affecting the insulation or conduit. Expansion of the piping 
must be carefully controlled by means of anchors and expansion joints 
or bends so that the pipes can never come in contact with the conduit. 
Anchors can be anchor fittings or U-shaped steel straps which partially 
encircle the pipes and are firmly bolted to a short length of structural 
steel set in concrete. 

Table 1. Capacity of Returns for Unxierground Distribution Systems in 
Pounds of Condensate per Hour 
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aStze of pipe should be increased if it cames any steam 


In laying out conduits of this type the following points should be 
borne in mind: 

1 An expansion joint, offset, or bend should be placed between each two ancbors. 

2. If the distance between buildings is 150 ft or less and the steam line contains high- 
pressure steam, the line may be anchored in the basement of one building and allowed to 
expand into the basement of the second buiidmg. If the st^m line contains low-pressure 
steam (up to 4-lb pressure), this method may he used if buildings are 250 ft or less apart 

3. If the distance between buildings is between 150 ft and 300 ft and the steam line 
contains high-pressure steam, the lines should be anchor^ midway between the buildings 
and allowed to expand into the basements of both buildings. If the steam line contains 
low-pressure steam this method may be used if buildings are ^tween 250 ft and 600 ft 
apart. No manhole is required at the anchor, and a blind pit b all that b necessary. 

4. For longer lines, manholes must be located according to iudgment and depending 
upon the expansion value of the type of expanaon joint or bend that b used. The 
minimum number of manholes will be required when an expanidon bend or an anchor 
with double expansion joint b placed in each manhole and tne pipes are anchored xnid- 
way between manholes 

5. A proper hydrostatic test should be made on the assembled line before the insula- 
tion and the top of the conduit are applied. The hydrostatic pressure should be one- 
and-one-half times the maximum allowable pressure and it should be hdd for a period of 
at least two hours without evidence of leai^. In any case the pressure should be no 
less than 100 lb per square inch. 

The styles and construction of conduits commonly used may classi- 
fied as follows. Some of the more common forms are illustrated in Fig, 1. 

Wood Casing: The pipe b enclosed in a cylindrical casing usually having a wall 4 in, 
thick and built of segments which are bound together by a wire wrapped spirally around 
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Fig. 1. Construction Details of Conduits Commonly Used 


The pipes are protected bv a sectional tile conduit, scored for splitting, or a cast-iron 
conduit, both being of the bell and spieot type. The conduit has a longitudinal side joint 
for cementing, after the upper half of conduit is in place, so shaped ^at the cem^t is 
keyed in place while locking the top and bottom half of the conduit together with a 
water-tight vertical side joint. The cast-iipn conduit has special side lockmg clamps m 
addition to Ihe vertical side joint. The entire space between the conduit and the pipes is 
filled with a water-proofed asbestos insulation. The conduit is support^ on the^ base 
drain foundation, each section resting on two sections of the base drain, thus inter- 
locking. The base drmn is so shaped that it provides a cradle for the conduit, resting 
sohdly on the tren^ bottom and providing adequate drainage area immediately under the 
conduit. The underdrain is connected to sewers or some other point of free discharge. 
For tile conduit the base drain is vitrified salt glazed tile and for cast-iron conduit it is 
either extra heavy tile or cast-iron. A fr^ internal drainage area is also provided to car^ 
away any water tiiat may collect on the inside of the conduit from a leaky pipe or joint in 
the conduit. Broken stone is filled in around the base drain and up to the vertical side 
joint. The broken stone is covered with an asphalted fflter doth to prevent sand 
from sifting through tiie broken stone and dogging the drainage ^ea of the base drain. 
The tile conduit is made in 2-ft lengths and the cast-iron conduit in 4-ft lengths, cast in 
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separate top and bottom haK es. Special relnforcla? riDs give tae cast-iron cond jit ample 
strength with minimum weight 

Insulated Tile Type-^ The insulating material, diatomaceous earth, is n:olded to the 
inside of the sectional tile conduit. The space bet\^een the pipes and the insulating con- 
duit lining may also be hlled in itii insulation. The pipes are earned on expansion rollers 
supported on a frame 'tthtch rests on the side shoulaers of the base drain foundation. 
This type of conduit has tne same mechanical features as these described under the 
heading Circular Tile or Cast-Iron Conduit. 

Sectional Insulation Type Tile or Cast-Iron . Each pipe is insulated in the usual ^ay 
with any deared t>T>e of sectional pipe insulation over vihich is placed a standard water- 
proof jacket ^dth cemented joints. The pipes are enclosed in a sectional tile or cast-iron 
conduit as described under the heading Circular Tile or Cast-Iron Conduits. 

Sectional Insulation Type (Tile or Concrete Trenchi : A type of construction frequently 
used in city streets, where service connections are required at frequent intervals, the 
pipes are insulated as described in the preceding paragraph, and are enclosed in a box 
or trench made either entirely of concrete or vtith concrete bottom and specially con- 
structed tile sides and tops. The pipes are supported on roller frames secured in the 
concrete. At C and £, Fig. 1, are shown t^'o tile conduits using sectional insulation. In 
these particular designs the space surrounding the is filled partially or whoIl> with a 
loose insulating material. The use of loose material in addition to the sectional insula- 
tion is, of course, optional and is only justifiable where high pressure steam is used. The 
conduit shoun at F is of a similar t>-pe and has the advantage of being made entirely of 
concrete and other common mateiids. 

Sectional Insulation Type (BitammLzed Fibre Conduit'*: Each pipe is individually 
insulated and encased in a bituminized fibre conduit. The insulating material is S5 
per cent carbonate of magnesia sectional pipe covering, applied in the usual manner as 
on overhead pij^, except that bands are omitted. After every fifth section of ma|;nesia 
covering there is applied a short, hollow section of very hard asbestos material m the 
bottom portion of which rests a grooved-iron plate cany-ing ball-bearings^ upon which 
the pipe rides when expanding or contracting. This short expansion section is of the 
same outside diameter as the adjacent 85 per cent magnesia coverinpf. Over the pi]^ 
covering and expansion device there are placed two layers of bituminized fibre conduit 
with all joints staggered, and the surface of each conduit is finished with liquid cement. 
Conduits are placed on a bed of crushed rock or gravel, approximately 6 in. deep, and 
this is extendi upward to about the center line of the conduit when trench is bacKfiUed. 
Underdrains leading to points of free discharge are placed in the gravel or crushed 
rock beds. 

Special Water-Tight Desi^s: It is occasionally necessary to install pipes in a very wet 
ground, which calls for special construction. The ordinary' tile or concrete conduit is not 
absolutely water tight even when laid with the utmost care. The conduit shown at G, 
Fig. 1, is of cast-iron with lead-calked joints and^ is water tight if properly laid. It is 
obviously expensive and is justified only in exceptional cases. A reasonably satisfactory 
construction in wet ground is the concrete or tile conduit with a waterproof jacket 
enclosing the pipe and its insulation, and with the interior of the conduit carefully 
diained to a manhole or sump having an automatic pump. It is useless to install external 
drain tile when the conduit is actually submerged. 


PIPE TUNNELS 

Where steam heating lines are installed in tunnels large enough to 
provide walking space, the pipes aire supported^ by means of hangers or 
roller frames on brackets or frame racks at the side or sides of the tunnel, 
The pipes are insulated with sectional pipe^ insulation over which is 
placed a sewed-on, painted canvas jacket or a jacket of asphalt-saturated 
asbestos water-proofing felt. The tunnel itself is usually built of concrete 
or brick and water-proofed on the outade with membrane water-proofing. 

On account of their relatively high first cost as compared wiA smaller 
conduits, walking tunnels are sometimes not installed where provision for 
the heating lines is the only consideration, but only where they are required 
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to accommodate miscellaneous other services or provide underground 
passage between buildings. 

BUILDING SERVICE CONNECTIONS 

Most district heating companies enforce certain regulations regarding 
the consumer's installation, partly to safeguard their own interests but 
principally to insure satisfactory and economical ser\Tce to the consumer. 



Fig. 2. Connections for Reducing Valves of Size Less than 4 Inches 

There are certain fundamental principles that should be followed in the 
design of a building heating system which is to be supplied from street 
mains. Although some of these apply to any building, they have been 
demonstrated to be especially important when steam is purchased. 



Fig. 3. Connections for Reducing Valves of Size 4 Inches and 
Larger, and for Expanded Valves 

Figs. 2 and 3 show typical service connections used for low pressure 
steam service. As shown in Fig. 2, no by-pass is used around the reducing 
valve on sizes less than 4 in. Fig. 3 illustrates the use of a by-pass around 
reducing valves 4 in. and larger. This latter construction permits the 
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operation of the line in case of failure in the reducing: valve. In the smaller 
sizes, the reducing valve can be removed, a filler installed, and the house 
valve used to throttle the flow cf steam. 

Fig. 4 shows a typical installation used for high pressure steam service. 
The first reducing valve, usually furnished by the utility' company, 
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Fig 4. Steam Supply Connection when Using Condensation Metee 


effects the initial pressure reduction. The second reducing valve, usually 
furnished by the customer, reduces the steam pressure to that required. 

1 , Provision should be made for conveniently shutting off the steam supply 
at night and at other times when heat is not needed. 

It has been thoroughly demonstrated that a considerable amount of 
heat can be saved by shutting off steam at night. Although there is, in 

Retun man 



some cases, an increased consumption of heat when steam is again turned 
on in the morning, there is a large net saving which may be explained by 
the fact that the lower inside temperature maintmned during the night 
obviously results in lower beat loss from the building, and less heat need 
therefore be supplied. 

Steam can be entirely shut off at night in most buildings even in very 
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cold weather without endangering plumbing. It is necessar\% how^ever, to 
have an ample amount of heating surface so that the building be 
quickly w^armed in the morning. Where the hours of cccupanq/ differ in 
various parts of the building, it is good practice to install separate supply 
pipes to the different parts. For example, in an office building with 
stores or restaurants on the first ffcor which are open in the evening, a 
separate main suppKring the first ficor will permit the steam to be shut off 
from the remainder of the building in the late afternoon. The dirisicn of 
the building into zones each with a separately controlled heat supply is 
sometimes desirable, as it permits the heat to be adjusted according to 
variations in sunshine and wind. 

Residual heat in the condensate should be salvaged. 

This heat may be salvaged by means of a cooling radiator, or as is more 
frequently done, by a w^ater heating economizer (see Fig. 5) which pre- 
heats the hot wrater supply to the building. Fig. 6 show's a t>TDical steam 
service installation for high pressure steam, complete for steam flow 
metering, water heating, preheating, automatic heating control, and for 
using steam for other purposes. 

The condensation from the heating system, after lea\'ing the trap, 
passes through the preheater on its way to the meter. The supply to the 
hot water heater passes through the preheater, a^rbing heat from the 
condensation. If the hot water system in the building is of the recircu- 
lating type, the recirculating connection should be tied in between the 
preheater and the water heater proper, not at the preheater inlet, because 
the recirculated hot water is itsdf at a high temperature. The number of 
square feet of heating surface in the preheater should be approximately 
equal to one per cent of the equivalent square feet of heating surface in the 
building. 

Because of the lack of coincidence between the heating system load and 
the hot water demand, a greater amount of heat can be extracted from the 
condensation if storage capacity is provided for the preheated water. 
Frequently a type of preheater is used in which the coils are submeig^ed 
in a storage tank. 

S. Heat supply should be graduated according to variations in the outside 
temperature. 

This may be done in several ways, as by the use of thermostats of 
various types or by orifice systems. Another method which is very simple 
is the use of an ordinary vacuum return line system in which the pressure 
in the radiators is vari^ between a high vacuum and a few pounds pres- 
sure, thus producing some control over the heat output. One form of con- 
trol which appears to be well suited for controlling district steam service 
to a building is the weather compensating thermostat. It regulates the 
steam supply automatically according to the outdoor temperature, and 
gives frequent short intervals of intermittent steam supply, and at the 
same time insures delivery of steam to all the radiators. 

Another form of regulation, known as the time-limit control, is sometimes 
employed for regulating the steam supply from the central station main to 
the building. Such a control provides an intermittent supply of steam to 
the radiators either throughout the 24 hours of the day or during the day- 
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time hours only. The setting of a switch may provide no service, con- 
tinuous service, or periodic service. For the latter, by means of several 
intermittent settings, steam will be supplied during each period in in- 
crements of a certain number of minutes for each successive setting of the 
switch, steam being shut off during the balance of the period. These 
settings afford from 15 to 80 per cent of the maximuna heating^ effect 
required on days of zero temperature. A night switch with a variety of 
settings may be adjusted so as to maintain throughout the night the 
intermittent supply called for by the day switch setting, or may be set to 
interrupt the operation of the day switch and entirely cut off the supply 
of steam to the radiation at night during certain hours which are selected 
by the operating engineer. 


FLUID METERS 


No one thing has contributed more to the advancement of district 
heating than tie perfection of fluid meters, which may be classified as 
follows; 


1. Positive Meters: The fluid passes in successive isolated quantities — either weights 
or volumes. These quantities are separated from the stream and isolated by alternately 
Ailing and emptying containers of Imown capacity. 

2. Dtffereniial Meters: The fluid does not pass in isolated separately-counted quM- 
tities but in a continuous stream which m^ flow through the line without actuating 
the pnmary device of the meter. In the diflferential meter, the quantity of flow is not 
determined by simple counting, as with the positive meter, but is determined from the 
action of the steam on the primary element. 

Additional subdivisions of these two general classifications can be made 
as follows: 


Fluid 

Meters 


Positive - quantity 


Wdghmg { 

Volumetric { 


[ Quantity - Current - Turbine 


Differential 


Rate of 
flow 


Head 

(Kinetic) 


Venturi 
Flow nozzle 
Orifice 
Pitot tube 


Area 

(Geometric) 

Head area 
(Weir) 


{ Orifice and plug 
Cyhnder and piston 

r V-notch 
\ Special notch 


In selecting a meter for a particular instzillation, the number of (Afferent 
makes and types of meters suitable for the job is usually limited by 
one or more of the following considerations: 

1. Its use in a new or an old installation. 

2. Method to be used in charging for the service. 

3. Location of the meter. 

4. Large or small quantity to be measured. 

5. Temporary or permanent installation. 
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Fig 7 Orifice Meter Steam Supply CoNNE:riON' 


6. Cleanliness of the fluid to be measured 

7. Temperature of the fluid to be measured. 

8. Accuracy expected. 

9. Nature of flow turbulent, pulsating, or stead>. 

10. Cost. 

(a) Purchase price. 

(b) Installation cost. 

(c) Calibration cost. 

(d) Maintenance cost. 

11. Serxdcing facilities of the manufacturer 

12. Pressure at w^hich fluid is to be metered. 

13. Type of record desired as to indicating, recording or totalizing 

14. Stocking of repair parts. 

15. Use of open jets where steam is to be metered. 

16. Metering to be done by one meter or by a combination of meters. 

17. Use as a check meter. 

18. Its facilities for determining or recording information other than flow. 

Condensation Meters 

The majority of the meters used by district heating companies in the 
sale of steam to their customers are of the condensation or flow types. 

The condensation meter is a popular type for use on small and medium 
sized installations, where all of the condensate can be brought to a com- 
mon point for metering purposes. Its simplicity of design, ease in testing, 
accuracy at all loads, low cost, and adaptability to low pressure distri- 
bution has made it standard equipment with many heating companies. 

Two types of condensation meters are in general use: the tilling bucket 
meter and the revolving drum or rotor meter of which there are several 
makes on the market. Condensation meters should not be operated under 
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pressure; they are made for either gravity or vacuum installation. Con- 
tinuous flow traps are necessary ahead of the meter if a vented receiver is 
not used, X^Hiere bucket traps are used, a vented receiver before the 
meter is essential. If desirable a receiver may be used with a continuous 
flow trap, but this is not necessary'. 

Steam flow meters are available in many types and combinations, as 
indicated in the subdivision covering fluid meters on page 680. 

The orifice and plug meter is one in which the steam flow varies directly 
as the area of the orifice. The vertical lift of the plug, which is proportional 
to the flow, is transmitted by means of a lever to an indicator and to a 



Fig. 8. Gravity Installation for Condensation Meter 
Using Vented Receivers 


pencil arm which records the flow on a strip chart. The total flow over a 
given period is obtained by measuring the area by using a planimeter 
on the chart and applying the meter constant. 

Fig. 7 shows a typical orifice type meter connection and indicates 
typical requirements in the installation of this type of meter. Fig. 8 
illustrates a gravity installation using a vented receiver ahead of the 
meter, while Fig, 9 shows a vacuum installation without a master trap. 

Flow meters using an orifice, Venturi tube, flow nozzle, or Pitot tube 
as the primary device are made by a number of manufacturers and can 
be obtain^ in either the mechanically or electrically operated type. The 
electric flow meter makes it possible to locate the instruments at some 
distance from the primary element. 

Row meters employing the orifice, Venturi tube, flow nozzle or Pitot 
tube should be so selected as to keep the lower operating range of the 
load above 20 per cent of the capacity of the meter. This is desirable for 
accuracy as the differential pressure at light loads is too small to properly 
actuate the meter. A few general points to be considered in installing a 
meter of this type are: 

1. It is desirable to place the differential medium in a horizontal pipe in preference 
to a vertical one, where either location is available. 

2. Reservoirs should always be on the same level and installed in accordance with the 
instructions of the meter company. 
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3. The meter body shouid oe placed at a bwer level than that of the prsssare differ- 
ential medium. Special instructions are fumishea Tihtre tne meter bony is above. 

4. Meter piping should be kept free from leaks. 

5. Sludge should not be permitted to collect in the meter body. 

6. The meter body and meter piping should be kept above freezing temperatures 

7. It is best not to connect a meter body to more than one service. 

8. Special instructions are furnished for metering a turbulent or pulsating dow. 

STEAM CONSUMPTION 

The following factors are used in New York City for the different classes 
of buildings listed. The factors are based on maintaining an inside tem- 



Fig. 9. Vacuum Condensation Meter Installation without Master Trap 


perature of 70 F for certain hours, with a minimum outside temperature of 

0 F and an average of 43 F for the heating season of eight months (October 

1 to June 1). In this group are six types of buildings. 


Manufacturing or commercial loft type ^ here steam is used to h^t the premisea during 
the day hours to maintain 65 to 68 F from 9 a.m. to 5 p m. No Sunday or holiday use 
and no night use. Factor: 325 lb per square foot of heating surface per season. 


OMce buildings using steam during dayKght hours to m^tain 70 F fmm 9a.m. to 
p m. for approximately 240 days Seating season). No night use. Factor: 400 lb per 
[uare foot of heating surface per season. 

OfUe^ using^st^ duifeg 7 Sand 


UJJice ouiuamgs using steam v 

9 pm. (customary where there are stock brokers or banking offices), 240 days. Factor 
500 lb per square foot of heating surface per season. 

Residences of the block type (not detached) where higfa-clM heating service Is re- 
quired; somewhat similar to apartment buildings. Factor: 550 lb per square foot of 
heating surface per season. 
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^ Apartment houses where high-class heating service is required (Steam oflF at mid- 
night.) Factor' 650 lb per square foot of heating surface per season. 

Hotels (commercial type) where very high-class service is required for 24 hours 
Factor: 800 lb per square foot of heating surface per season. 

By aissuming one square foot of equivalent heating surface for each 
100 cu ft of space heated, which seems a fair ratio in New York City, it is 
possible roughly to estimate the steam required per cubic foot of space, 
information which is often more easily obtained than the square feet of 
heating surface. Additional data on the heating requirements of various 
types of buildings in a number of cities may be found in the Handbook 
of the National District Heating Association, 

RATES 

Fundamentally, district heating rates are based upon the same princi- 
ples as those recognized in the electric light and power industr>^ the main 
object being a reasonable return on the investment. However, there are 
other requirements to be met; the rate for each class of service should be 
based upon the cost to the utility company of the service supplied and 
upon the value of the service to the consumer, and it must be between 
these two limits. The profit need not be divided proportionately among 
the rate groups, but should be established from a competitive stand- 
point. District heating rates should be designed to produce a sufficient 
return on the investment regardless of weather conditions, although 
existing rate schedules do not conform with this principle. Lastly, the 
rate schedule must be reasonably easy for the intelligent layman to 
comprehend. 

Depreciation should be based on a careful estimate of the life of various 
elements of the property. Appropriations to reserves should be made, 
with generosity in good years and with discretion in less favorable years. 

Glossary of Terms 

Load Factor, The ratio, in per cent, of the average load to the maxi- 
mum load. This is usually based on a one year period but may be applied 
to any specified period. 

Demand Factor, The relation between the connected radiator surface 
or required radiator surface and the demand of the particular installation. 
It varies from 0.25 to 0.3 lb per hour per square foot of surface. 

Diversity Factor, The ratio of the sum of the individual demands of a 
number of buildings to the actual composite demand of the group. 

Types of Rates 

A, Flat Rates. 

1 Radiator surface charge. Obsolescent 

B Meter Rates. 

1. Straight-line, 

2 Step. Obsolescent 

3. Block. 

(a) Class rates 

C. Demand Rates 

1. Flat demand. 

2. - Wright. 

3. Hopkinson. 

4. Doherty (or Three charge) 
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Straight-Li'ie Meter Rate The price ciargei per '5 constant and tr.e con«jn'er 
pays in direct proportion to h:s ccns-mipt cn - repnr- t"e a.fterenre c-sts of 
supplying the individual easterners 

Block Meter Rate Tr*e pounds of steam consume i h:- a customer are uivldei into 
blocks of M Ib each, lo’cver rates .^re !Gr e- m s-tcessn-.e 1 c : e nsu-^e I 

This tjpe of charge predominates in steam neatm? rate scnet-Ies lor .t has the ad- 
vantage of proportioning the bill according to the consumption anu tne cost o: sen ice. 
It has the disadvantage of not d.scr;m.natmg bet'Aee*’ customers ha'.ing^ a h. ah had 
factor f relatively lotv demand' and those na’ing a Io'a loan tact or relatheiy high 
demand^. The utihty company must maintain sjfic^ent capac.t:. to ser.e the iiiah 
demand customers and the cost ol the increased plctnt m’iestment Is di\'ided equally 
among the users, so the nigh aemand customers are benefited at the expense of the 
others 

Demand Rates. These refer to any method of charge based on a measured maximum 
load during a speafied period of time' 

The flat demand rate is usually expressed m dollars per MJb of demand per 
month or per annum. It is based on the size of a customer’s installation and is 
seldom us^ except where a flow meter is not practicable. 

The Wrtghi demand rate is similar in calculation to the block rate except that it is 
expressed in terms of hours’ use of the maximum demand It :s seldom used but 
forms the basis for other forms of rates. 

The Hopkinson demand rate is divided into t>^o elements ‘ 

(a) A charge based upon the demand, either estimated or measured, 

(h\ A charge based upon the amount of steam consumed. 

This rate may be modified by dividing the quantities of steam demanded and 
consumed into blocks charged for at different rates. 

Demand rates are comparatively new and are not yet widely used, though they arc 
suitable and competitive they are difficult for the a\eragc layman to understand 
Tney are of benefit to utility companies and to consumera because the investment and 
operating costs can be divided to suit the particular circumstance into demand, cus- 
tomer and consumption groups through the use of some modification of the Hopkinson 
rate. 

Fuel Price Surcharge It is usually desirable to establish a rate upon a specified basic 
cost of fuel to the utility company. WTiere there are wide varianons in the price of fuel» 
it is alsn desirable to add a definite charge per M lb of steam sold for each increment of 
increase in the price of fuel. This surchaige automatically compensates for the variations 
without necessitating frequent changing of the whole rate structure 
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Economical Utilization of Heat from Central Plants, by N. \\. Calvert and J. E. 
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Standard Connections for Condensation Meters, (N.D.HA, Proceedmgs, vol XU, 
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Meter Accuracy Guarantees, Proceedings, Vol. XIV, pp. 276-277). 

Effect of Pulsations on the Flow of Gases, {y^D.HA, Proceedmgs, Vol. XI V. on 
277-281). 

Meter Connections, (X D,II A Proceedings, Vol XX, pp. 126-143). 

Layout for Testing Meters, (XD,H A, Proceedings, Vol. XX, pp 391-392). 
Charactenstic Meter Calibration Curv’es, (X,D.II.A, Proceedings, Vol. XX, do 
444-453). 

Rates, {N.D,H.A, Handbook, 1932, Chapter 10). 


PROBLEMS IN PRACTICE 

1 • What is the common method of determining the size of nriamw in a dis- 
tribution system? 

On the basis of pressure drop: The initial pressure and the minimum permissible 
terniinal pressure are specified, and the pipe sizes are so chosen that the maximum 
estimated amount of steam may be transmitted without exceeding this pressure dif- 
ference. The steam^s velocity is disregarded and it may reach a magnitude in ea^ c ess of 
35,000 fpm which is not considered high. 

2 # a« What are the advantages and disadvantages of a low pressure distribu- 
tion system? 

b. High pressure? 

o. The advantages of a low pressure distnbution system include* 

1 Smaller heat loss from the pipes 

2. Less trouble with traps and valves. 

3. Simpler problems with pressure reducing equipment at the buildings. 

4 No danger to building heating equipment from high pressure through failure of the 
reducing valves. 

The disadvantages of a low pressure system are* 

1. Larger pipe sizes. 

2 Decreeised field of usefulness owing to small pressure range. 

5. The advantages of a high pressure system are: 

1. Smaller pipe sizes. 

2. Greater adaptability of the steam to various uses other than building heating. 

The disadvantages of a high pressure system are: 

1. Large heat loss from the pipes. 

2. The high pressure traps and valves required often give more trouble than low 
pressure traps and valves do. 

3. Extra heavy fittings are required. 

4. Usually two reducmg valves or some form of emergency relief is necessary to 
protect the building piping system. 


3 • Determine the size of pipe from the following data using Unwin’s formula: 
Length of pipe, 600 ft. 

Steam to be carried, 90,000 lb per hour, dry saturated. 

Initial pressure, 100 lb per square inch, gage. 

Final pressure, 40 lb per square inch, gage. 

Using the formula: 


P 


0.0001306 W*L ( 1 + ^ ) 


The pressure drop P = 100 — 40 = 60 lb per square inch. 
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The weight of steam per minute IT’ = — » lo^'O 

DU 

The length of pipe in feet X = 000 

The average density of steam d m pounds per cubic fcot, taken from Keenan’s Table: 

At 100-lb gage» d = 0 257 S 
At -iO-lb gage, d = 0 r2S5 
Average d = 0.1932 

The diameter of the pipe in inches = D. 

Substituting the values in the formula* 

0.0001306 X 1500* X 600 f 1 -r 

60 =-X 

^ 0.1932 X 

D = 7.35 in. 

Thereforoi an 8-in. pipe should be used. 

4 # What points should be borne in mind when laying out an underground 
steam conduit? 

The conduit should be reasonably waterproof, able to withstand earth loads and to take 
care of the expansion and contraction of the piping without strain or stress on the 
couplings, or without affecting the insulation or the conduit. Ex^nsion of the piping 
must be carefully controlled by means of anchors and expansion joints or bends so that 
the pipes can never come in contact with the conduit. 

5 • What is considered the proper pressure for a hydrostatic test before fsom- 
pleting the conduit? 

In the case of any underground piping which is to be buried or otherwise made inacces- 
sible, the assembled Imes shall first be tested hydrostatically at a pressure of one and one- 
half times the maximum allowable service pressure and hdd for a period of at least two 
hours without evidence of leakage. In any case the hydrostatic pressure should not be 
less than 100 lb per square inch 

6 • What factors should be considered before determining the route of a steam 
line? 

1. The line should be so located that it will bring in the greatest revenue (or supply the 
most steam) with the least cost. 

2. The ultimate length and size of services and branches necessary with each possible 
location should be estimated, for mains should be run near to the big loads. 

3. The location of the boiler room or piping center of present and future buildings to be 
served ^ould be considered. 

4. Where possible, make the lines straight between manholes. 

5. Avoid such obstructions as other lines, sewers, ducts, curb drains, manholes, valve 
boxes, catch barins, fire hydrants, and poles; especially avoid electric ducts and water 
Hnes. 

6. Avoid locating lines near where pile driving and foundation construction for new 
buildings will take plac». 

7. Consider construction difficulties such as traffic^ hard rock, and wet earth, which 
increase time and labor 

8. Consider the economies of using available sidewalk vaults of buildings. Weigh the 
advantage of less excavation against the cost of obstruction removal 

9. Consider all operating difficulties. 

10. Consider the difficulties of negotiating agreements for lines on private property 
where public and private rights-of-way are available. 

11. Consider the effect of proposed municipal and other improvements. 

12. Conrider municipal regulations. 
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7. # State the advantages and disadvantages of tunnels over conduits. 

The advantages of pipe tunnels over conduits are 

1. Accommodation for miscellaneous ser\nces other than steam. 

2. Provision of an underground passage between buildings 

3. Easy installation of additional pipes and easy replacement of existing pipes with 
larger sizes. 

4. Easy inspection and maintenance of pipes. 

The disadv'antages of pipe tunnels over conduits are: 

1. Higher first cost 

2. Higher maintenance cost in general 

8 • Is the steam consumption less in a building that shuts off its steam at 
night than in one that does not? Why? 

It has been thoroughly demonstrated that the steam consumption is less in a building 
where the steam is shut off at night Although there is, in some cases, an increased con- 
sumption of heat when steam is a^in turned on in the morning, there is a large net 
saving which may be explained by the fact that the lower inside temperature maintained 
during the night obviously results in lower heat loss from the building, and less heat need 
therefore be supplied. 

9 • Is the condensate from a building supplied with purchased steam always 
discharged to the sewer? 

No. In some cities vrhere the customers are not spread over too wdde a temtory and 
where natural water conditions make the treatment of boiler feed water expensive, the 
steam company provides mains for the return of the condensate to the boilers 

10 # What are the common methods for salvaging heat in condensate? 

The most common methods are- 

1. The use of a water heating economizer for preheating the hot water supply to the 
building 

2 The use of a cooling radiator. 

11 • What are the common means used to graduate the heat supply according 
to variations in outside temperature? 

а. A wreather compensating thermostat regulates the steam supply automatically 
according to the outdoor temperature, and gives frequent short intervals of inter- 
mittent steam supply, at the same time it insures delivery of steam to all the radiators 

б. Another method which is very simple is the use of an ordinary vacuum return line 
system m which the pressure in the radiators is varied between a high vacuum and a 
few pounds to produce some control over the heat output 

c. The use of an orifice system graduates heat supply. 

d The time-limit control which may be set to provide no service, continuous service, or 
periodic service, is also used For periodic serv-ice, steam may be supplied during 
each period in increments of a certain number of mmutes for each successive setting 
of the switch, steam being shut off during the balance of the period. This type of 
service is provided by several intermittent settings A night switch will maintain 
the intermittent day setting, or interrupt the day operation and cut off the supply of 
steam at night durmg any desired hours. 
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Cbapter 38 


RADIANT HEATING 


Physical and Physiological Factors^ British Equivalent Temperature, 
Control of Losses, Application Methods, Calculation Principles, 
Mean Radiant Temperature, Measurement of Radiant Heating 


H eating for comfort is generally understood to mean that heat 
must be supplied to control the rate of heat loss from the human 
body so that the physiological reactions are conducive to a feeling of 
comfort in the individual. WTiile in convection heating, as described in 
Chapter 30, heat is transferred from a heating unit to the air and thence 
to the occupant, the primary object of radiant heating is to warm the 
occupant directly without heating the air to any extent. Thus, the 
diflFerence between convection heating and radiant heating is partly 
physical and partly ph 5 rsioIogicaL 

Comfort requires that heat be removed from the body at the same rate 
as it is generated by the oxidation of the foodstuffs in the bodv tissues. 
The normal rate of heat production in a sedentary individual is about 
400 Btu per hour^ or, since the entire surface area of an average adult is 
19.5 sq ft, about 20.5 Btu per square foot per hour. Conditions should be 
such as to remove heat at this rate if the surface is to be maintained at the 
mean normal surface temperature of the human body. 

Heat is transferred from any warm dry body to cooler surroundings 
principally by convection and by radiation, the approximate total rate of 
heat loss being the sum of the two. Where the body surface is moist there 
is additional loss of heat through evaporation from both the body surface 
and the respiratory tract. 

The rate of heat loss by convection depends upon the difference between 
the temperature of the body and that of the surrounding air, and on the 
rate of air motion over the body. The loss by radiation depends entirely 
upon the difference between the temperature of the b^y and the mean 
surface temperature of the surrounding walls and objects. This latter 
temperature is called the mean radiant temperature (MRT). Because 
these two types of heat loss act in a supplementary manner toward each 
other, a required rate of heat loss can be secured by having a relatively 
low air temperature and a relatively high MRT, or vice versa. Thus, if the 
air is reduced from a given temperature to a lower temperature, the 
amount of heat lost from the body by convection is increased, and this 


^Heat and Mo&storv Looses from the Huznan Body and Tbesr Rdation to Air CondItioniiiK Problems, 
1029) ^ W Teague. W. E MiUex. and W. P. Yant CA-S.H.V E TaaKsacnoNS, Vol as. 
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increase can be compensated for by raising the MRT. Similarly, with a 
higher air temperature the same total heat loss will be maintained by a 
correspondingly lower MRT. 

The loss by evaporation depends on the air temperature, air movement, 
and humidity; it is increased if the humidity is reduced. For the usual 
conditions of heating by radiators or convectors, where the air tempera- 
ture ranges from 70 F to 73 F, approximately 76 per cent of the total heat 
loss of 400 Btu per hour occurs by radiation and convection, and the 
balance, or 100 Btu per hour, occurs by evaporation. In the case of 
radiant heating, if the air temperature is reduced to 60 F, 84 per cent of 
the 400 Btu per hour, or 336 Btu per hour, is lost by radiation and con- 
vection, and 64 Btu per hour are lost by evaporation. 

The mean normal surface temperature of Hie human body, taken over 
the whole area, including not only the exposed skin surface but also sur- 
faces of the clothes and the hair, has been very extensively used as 75 F, 
particularly in British literature. However, results obtained by Aldrich® 
in rooms in which the air and wall surface temperatures were approxi- 
mately 72 F gave mean values nearer to 83 F than to 75 F. 

The mean body surface temperature which will maintain the optimum 
heat loss by radiation and convection in a uniform environment of 72 F 
may be calculated from fundamental equations for radiation and natural 
convection by substituting a comparable cylinder for the body. Heilman* 
gives the following equations: 

a- 0 . 1723 . 0) 

where 

Hr = heat loss by radiation, Btu per square foot per hour 

He * heat loss by convection, Btu per square foot per hour. 

Tg — absolute temperature of the body surface, d^ees Fahrenheit. 

Tw “ absolute temperature of the walls, degrees Fahrenheit. 

Ta *= absolute temperature of the ziir, degrees Fahrenheit. 

_ Tg 4" 7a 

im « 2 

D « diameter of cylinder, inches. 
e » the ratio of actual emission to black body emission. 

If it be assumed that a normal adult has an average height of 5 ft 8 in. 
and an average body surface area of 19.5 sq ft, the surface of his body will 
have the same area as that of a cylinder 5 ft 8 in. long with a diameter of 
13.15 in. The value of e for skin and clothing is practically 0.96. T® and 
Tw are each taken as 72 F, or 632 Absolute. The sum of Hr and He is 
taken to be 15.4 Btu per square foot per hour, which is derived as the 
normal rate of heat loss due to convection and radiation from a sedentary 
individual by dividing his total sensible heat loss by his area. Solution of 


>A Study of Body Radiation, by L. B Aldnch (Snuthsonian Miscellaneous Collections, Vol. 81. No 6, 
December, 1928). 

■Surface Heat Transmission, by R. H Heilman {Trans A S,M E , Fuds and Steam Power Section^ 
Vol 51. No 22, September-December, 1929). 


706 


Chapter 38 — ^Radiant Heating 


Equations 1 and 2, using average figures as outlined, gives a value of 
approximately 83 F for the normal temperature of the body surface. 
This agrees more closely with the values obtained by Aldrich than with 
the 75 F used by British investigators. 

British Eqpiivalent Temperature 

The British Equivalent Temperature (BET ; is the temperature of an 
environinent which is effective in controlling the rate of sensible heat loss 
from a sizable black body in still air when the body has a maintained 
surfa^ temperature of 83 F. The BET is, therefore, a function of both 
the air temperature aind the mean radiant temperature. Its numerical 
value in a uniform environment fwalls and air at the same temperature, 
is equal to the temperature of the walls and air. In a non-uniform environ- 
ment (walls and air at different temperatures) the BET is equivalent to 
that of a uniform en\dronment in which an S3 F surface loses sensible 
heat at the same rate as it does in the non-uniform en\'ironment. As 
originally defined, the BET was based on a bod^- surface temperature of 
75 F, but 83 F has been accepted as giring results more nearly conforming 
with American practice^. The higher the BET the less the heat loss from 
the body, the rate of loss in still air being approximately proportional to 
the difference between the BET and the mean body surface temperature. 

If the BET were 83 F, there could be no sensible heat loss from a 
surface at that temperature, so the temperature of a normal body surface 
would have to rise to a point where the heat generated in the tissues could 
be dissipated. 

WTien convected heat is used, the temperatures of the air and walls are 
nearly the same, and the optimum value of the BET from the physio- 
logical point of view is 72 F. Under these conditions the mean surface 
temperature of a normal body would have the optimum value of 83 F 
because the rate of heat loss by radiation and convection would be 15.4 
Btu per square foot per hour and that by evaporation 6.1 Btu per ^uare 
foot per hour, which would just balance the rate of heat production of 
20.5 Btu per square foot per hour. This BET of 72 F in a uniform 
environment is exactly equivalent to the effective temperatwe of 66 F as 
defined by the American SoaETY of Heating and Ventilating 
Engineers (see Chapter 3), because, in a uniform environment, a dr^"- 
bulb temperature of 72 F in still air with a relative humidity of 30 per cent 
gives an effective temperature of 66 F, which has been determined to be 
the optimum. 


APFUCAnON METHODS 

There are two general methods of applying radiant heating, as follow: 

1. By warming the interior surfaces of the building. Pipe coils are embedded in the 
concrete or plaster of the walls, c^ing or doors, the heating medium bdng hot water or, 
in some cases, steam. This has the effect of warming the entire concrete or placer 
surface in whi^ the pipes are embedded. Since the temperature of the heating medium 
should not exceed about 120 F on account of the possibility of cracking the plaster, the 


^Application of the Enpatheoscope for Measunog the Performance of Direct Radiators and ConvectoxB 
In Terms of Equivalent Temperatures, by A. C. WiEard, A. P. Kiratz, and M. E. Fahnestock (A S H V E 
Transactions, VoI 39, 1933) 
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area of the panel must be sufficient to supply the requisite quantity of heat at this low 
temperature When carefully designed, this method produces comfortable and eco- 
nomical results. 

2. By attaching separate heated plates or panels to the interior surfaces of the structure. 
These plates or pands are placed either in an insulated recess flush "with the surface of 
the walls or ceiling or bolted on its face They may be decorated as desired As it is 
difficult to make an in\'isible joint between the edge of such a plate and the plaster, it is 
common to use a frame of plaster, wood, metal or composition around the panel These 
plates may be placed either on the ceiling or the wall, or in some cases as a mai^m 
around the edge of the floor. If floor heating is required the temperature over the whole 
area should not exceed 70 F. 

If the entire warm surface is installed at one end of the room there may 
be a marked difference between the BET on the two sides of a body in the 
room. It is usually desirable therefore that the heat be distributed at 
different points in the room so that no uncomfortable effects will be felt 
from unequal heating. 

CALCULATION PRINCIPLES 

The calculations for radiant heating are entirely different from those 
for convective heating. The purpose of the latter is to determine the rate 
of heat loss from the room by conduction, convection, and radiation when 
maintained in the desired condition; radiant heating involves the regu- 
lation of the rate of heat loss per square foot from the human body. 

The first step in the calculations for radiant heating is to ascertain the 
necessi^ mean radiant temperature (MRT) ; next, the size, temperature, 
and disposition of the heating surfaces required in the room to produce 
this MRT are estimated; and after this the determination of the convec- 
tive heat is made. 

Mean Radiant Temperature 

If the whole of the interior surface of a room were at the same tempera- 
ture, this temperature would represent the MRT. Such a condition 
seldom exists, however, since the actual surface temperature in any 
heated space having surfaces exposed to the outer air varies greatly for 
different sides of the enclosure. It is therefore necessary to ascertain by 
calculation the mean of these interior surface temperatures. 

The mean temperature in this sense is not the arithmetic average of the 
actual thermometric temperatures of the surfaces, but the temperature 
corresponding to the average rate of heat emission per square foot of 
surface. The temperature corresponding to this mean emission can be 
taken from Table 1. Conversely, the emission at dififerent temperatures 
and also the emissivity factors can be obtained from this table. For 
instance, 1 sq ft of surface at 60 F will emit 104.9 Btu per square foot per 
hour to surroundings at absolute zero if the emissivity of the surface is 0.9. 

If the area in square feet of each part of the space is multiplied by the 
emission value corresponding to its actual temperature, and these products 
are added together, the gross amount of radiant heat discharged into the 
room by the wall surface per hour is obtained. This quantity, divided by 
the total interior surface, gives the average amount of heat coming into 
the room from the surface of the walls per square foot of surface per hour. 

Interpolating in Table 1, the total radiation from a surface at 83 F for 

708 




Chapter 38 — Raciast Heating 


Table 1 Total Black Body Radlvtion to Surroundings at Alsolute Zesu^^ 
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169 6 

161 1 

152.6 

135.7 

51 

117.5 

111 6 

105 8 

94 0 

no 

1S\6 

1T2 5 

163.5 

145.4 

52 

118.4 

112.5 

106 5 

94 7 

120 

194.8 

1S5 0 , 

175.4 

155.9 

53 

119 4 

113 4 

107 4 

95 5 

130 

210 1 

199 6 ! 

189.1 

168.1 

54 

120.2 

114 2 

108 2 

96 2 

140 

' 223.2 

, 212 1 

201.0 

' 17S.S 

55 

121.1 

115 1 

109 0 

96 9 

150 

1 237.1 

. 225 2 

213.5 

1 189.7 

56 

122,1 

116.0 

109 9 

97 7 

160 i 

* 251.1 

, 23S 8 ' 

226.0 

. 201.0 

57 

123.1 

117.0 

110,9 

98 5 

1 170 

1 270.5 

' 257.0 ‘ 

243.5 

1 216.4 

58 

124 0 

117.8 

111.6 

' 99 2 

. 180 

288.0 1 

1 273 S 1 

259 1 

‘ 230.4 

59 

124.9 

118 6 

112.4 

99.9 1 

1 190 

306 5 

291 0 

275.8 

; 245.1 

60 

125.8 

119.5 

113.4 1 

100 7 

200 1 

1 325.2 1 

1 309 0 1 

292.8 

, 260.3 

61 

126 6 

120 3 

114.0 ! 

101.4 

210 ! 

t 348.0 ^ 

‘ 330.6 , 

313 1 

i 278.4 

62 

127 7 

121 4 

114 9 i 

i 102.2 » 

220 ! 

1 371.5 ; 

; 353 0 i 

334 4 

: 297.1 

63 

128 6 

122.2 

115.8 

102.9 

250 ; 

; 437.8 

1 415.9 1 

394.0 

, 350.2 

64 

129.6 

123 1 

116 7 

103 7 j 

300 1 

1 575.0 , 

, 5i6,l 

517.5 

i 460.0 

65 

130.5 

124 0 

117.5 

104 4 

350 1 

740 0 

703.0 1 

666.0 

' 592.0 

66 

131.6 

125 0 

118.4 

105.4 

400 

1 942.1 i 

1 895 0 

&47.5 

1 753.5 

67 

132.5 

125.9 

119 3 

106.0 

450 ! 

! 1176 0 : 

: 1117.0 

1059.0 

! 941.0 

68 

133 5 

126.8 

120 1 

106.8 

500 1 

1464 0 

1390.0 ! 

1318.0 

i 1171.0 

69 

134 5 

127.8 

121.1 

107.6 

550 i 

i 1791 0 

1701.0 1 

1613.0 

1 1434.0 

70 

135.5 

128.8 

121.9 

108 4 

! 

600 

1 2405 0 

2284.0 ; 

! 

2165.0 

1925.0 


•These factors axe calculated from the farmala 


where 


n M / 01728 X TM 
^ \ ioaw).ooo / 


Q « total black body radiation, Btu per square foot per hour. 
0 *« emissivity 

T >■ absolute temperature, degrees Fahrenheit. 


an emissivity of 0.95 is 142 Btu per square foot per hour. The diflference 
between 142 Btu and the avers^e amount of heat coming into the room is 
the amount which will be lost per square foot per hour by radiation from 
a body at 83 F. If a rate at which it is desired that heat be lost from the 
body by radiation and convection be assumed, the mean radiant emission 
from the walls required to give the desired result can be determined from 
Table 1, as can also the required air temperature for the corresponding 
convective effect. 

The determination of the amount of radiant heating surface needed in 
a room requires knowledge of the dimate, the tjrpe of structure, the type 
of heating, and the surface temperature of the \^ls. This problem can 
be solved only on an empirical basis. After some experience, however, 
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it is possible to estimate these variables with a considerable degree of 
accuracy for any climate or construction. 

Assume that a mean radiant temperature of 65 F is desired. Table 1 
shows that with all the walls at this temperature, and with an emissivity 
of 0,95, the gross heat emission is 124 Btu per square foot per hour. The 
total emission of radiation into the room from that surface would there- 
fore be ,4 X 124, where A is the total inside area of the room. This is the 
desired emission. 

If the whole area be divided into a number of different parts which are 
each at a uniform temperature — G i, gs, Gs, — and each is multiplied by the 
value of the heat emission correspon^ng to that temperature, and if all 
these products are added together, their sum will represent the total 
actual emission of radiation into the room at these temperatures without 
the aid of any hot surface. 

The difference between the desired emission and the actual emission 
represents the additional heat which must be supplied by the hot surface. 
The temperature of the proposed hot surface must then be selected, and 
its emission per square foot at that temperature determined from Table 1. 
This emission is divided into the additional amount of heat needed, ad- 
justed for the fact that the heating units will shield the walls behind 
them, and the quotient obtained will be the area of the required heating 
surface. 

It is evident that this method of calculation is approximate, and 
depends for its accuracy on a correct estimate of the ultimate surface 
temperatures attained by the actual wall surfaces. 

It is necessary also to calculate how much heat will be given off by the 
same surfaces by convection, and thereby to determine whether this 
amount of convected heat will warm entering ventilating air to the tem- 
perature maintained. If it will not, additional convection surfaces must 
be introduced to make up the deficiency. 

MEASUREMENT OF RADIANT HEATING 

Convection heating, having as its object the raising of the air tempera- 
ture to a specified degree, must be measured by thermometric methods 
which indicate essentially the air temperature, and not the rate of heat 
loss from the human body. Radiant heating, having as its object the 
control of the rate of heat loss from the human body, can be measured 
only by methods which basically are calorimetric, that is, which measure 
directly the rate of heat loss from an object maintained at the temperature 
of the body, irrespective of air temperature. 

The apparatus for this purpose consists essentially of a hollow sphere, 
or cylinder, containing a fluid which can be maintained accurately at 83 F 
(the accepted mean surface temperature of the human body), with ^ 
accurate means of measuring the rate of heat supply required to maintain 
the temperature at that exact point. The latter measurement can be 
made with sufficient accuracy by electrical methods. Although a BET of 
72 F is desirable, the mean radiant and air temperatures may both vary, 
provided the heat loss by radiation and convection from a surface at 
83 F is maintained at the rate of 15,4 Btu per square foot per hour, 
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15 4 

which corresponds to sr/ic = 4.5 watts per square foot of exposed 

O.'tlO 

surface. 


This instrument, the eupatheoscope, can readily be adapted as a thermo- 
stat by electrical control to shut off or turn cn heat when the critical 
temperature of 83 F in the vessel is increased or decreased. A modifi- 
cation of the instrument is called the eupatheostai, 

i^other instrument for maintaining comfort conditions is at present 
available only in a model adapted to British practice as it is designed for a 
temperatoe of 75 F. It consists of a blackened copper sphere of approxi- 
mately 6 in. diameter in which is housed a cylindrical sump containing a 
volatile liquid. In operation, a small electric heating coi! dra'ftir.g about 
5 watts creates in the sphere a vapor pressure "which is constant as long as 
the heat losses from the sphere are standard. If the temperature cf the 
air or the MRT becomes too high for comfort, a greater pressure is 
created, owing to a smaller loss of heat from the sphere. This increase of 
pressure acts on a diaphragm and shuts off the supply of heat to the room. 

For testing w'ork, the globe thermometer is a ver\' useful instrument. It 
consists of an ordinary mercuiy thermometer, with its bulb placed in the 
center of a sphere from 6 in. to 9 in. in diameter, usually made of thin 
copper and painted black. The temperature thus recorded is termed the 
radiation-convection temperature. 


EXAMPLE 

Example 1. The surface areas, temperatures, and emissions for a room having a 
volume of 5760 cu ft are given in Table 2. The figures for temperatures arc fprly 
representative of American practice with wdl-built walls, and are ba^ on an emssirity 
of 0 95 which approximates that of most paints and buildmg materials. 


Table 2 Surface Areas, Temperatures, and Emissions for a Room op 5760 Cu Ft 



Ammx 

SqFt 

' I 

{ Abbuiod SCVACS 1 
TsumiTcu 1 

Halt 

tBru Pia Sq Ft 
FE a Horr' 

' JiTTAL Emit Emmos 
rZOML Kmljl. 

1 'Btt rxB H .rri 

External Wall 

297 

1 50 1 

110.6 

i 32,850 

Glass.. 

279 

1 45 

106.5 

! 29,710 

Inner Wall 

480 

, 55 

115.1 

; 55,250 

Ceiling — - 

480 

i 55 

115.1 

55,250 

Flnor __ * 

4S0 

! 55 

115.1 

j 55,250 

Total . 

2016 

1 1 


j 228,310 


The mean radiant temperature of the room is =» 113.2 Btu per square foot 

per hour which, as se en from Table 1, corresponds to an MRT of 53 F for an a\'erage 
emissivity of 0 95. 

For an average individual having a body surface of 19.5 sq ft, under conditions of 
comfort with a l^y surface temperature of 83 F, the heat given off by radiation may be 
determined by means of Equation 1 as 217 Btu per hour, or 11.1 Btu per square foot per 
hour. This corresponds to an environmental emission of 142 — 11.1 — 130 9 Btu per 
square foot per hour, and, according to Table 1, to an MRT of 72 F. 

If this body be placed in the room described, it will lose heat at the rate of 19.5 
(142 — 113.2) » 562 Btu per hour. This loss is 345 Btu per hom, or 17.7 Btu per square 
foot per hour, more than the rate of heat loss for comfort, whidi is only 19.5 (142 — 130.9) 
= 217 Btu per hour. 
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In order to determine the amount of radiating surface necessary to maintain the MRT 
at 72 F, assume the surface temperature of the hot plates to be installed to be 200 F, 
which is approximately the temperature they would have if heated by steam 

The 2016 sq ft total area of the surfaces of the room multiplied by 130 9. 'which is the 
emission in Btu per square foot per hour necessary’ to maintain a body surface tempera- 
ture of S3 F, gives a total desir^ emission of 263,890 Btu per hour It is necessary to 
supply enough radiant heating surface to increase the total actual mean radiant heat 
emission by the room from 228,310, as shown in Table 2, to the 263 890 Btu desired. 
The additional heat needed is the difference betw-een these figures, or 35,680 Btu. Since, 
from Table 1, the emission per square foot at 200 F is 309 Btu, the required radiant 
35 580 

heating surface needed is - = 115 sq ft The effect of this surface suitably placed 

would be to raise immediately the mean radiant temperature to the required degree 
and to maintain it at that value as long as the surfaces remained at the values as- 
sumed. 

In the solution of this particular example, the radiation loss from the 
human body was selected as 217 Btu per hour, which is that taking place 
under optimum comfort conditions, with a body surface temperature of 
83 F in a uniform environment at 72 F. The mean radiant temperature 
necessarily was 72 F. If the optimum BET of 72 deg Fahr is desired, 
an air temperature of 72 F also must be maintained. If it is desired to 
maintain a lower air temperature than this, a mean radiant temperature 
greater than 72 F must be selected and the radiation loss from the in- 
dividual must be recalculated from Equation 1. 

The calculation may be simplified by preparing tables showing, at the 
usual temperatures, the area of hot surface required to bring each square 
foot of actual wall surface at various temperatures up to a general 
standard of from 60 F to 70 F. It would then be necessary only to 
multiply the respective areas by the appropriate factors, and to add the 
results, to obtain the required total. 
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PROBLEMS m PRACTICE 

1 • Where did radiant heatinc derive it« name? 

The terir rarhant heaters vras intrc'lucel i^c«t i eirs -esj^-ite heating 

sjrfaces n:ade to ^i\e of: pracr.ca" i a trer ireat rai.ant ether'v,aves ir^stead of 
rei>'ing on convected -Aorn: air. 

2 • What is actually meant by radiant heating and nhat are its underlving 
principles? 

The term radiant heating now applies to rieth" "s :: ^B3t:nc ”■ he-e Instead c: heat’ne 
the air :n a room to a preleterm.ne:; te*T.perature dit ^-eatin^ surtaces are p:acei in a 
room so that the average ef?ecti\e te-nperature o: v»ails ce hrg, glass and Hoot sjnaces 
exposed to the body is just suF.c.ent tc prev'ent the cc-:y I:.s.ng too much heat oy radi- 
ation It takes into consideration that the bod\ generates m,re fcent than :t requires, 
so that it does not require any heat from ■a.thout The surol^s heat honever must be 
given off according to the phj’sloiogical requirement a! the bony. 

3 • What kind of heating surfaces are in general use? 

The heating units may have flat iron surfaces heated w*th steam cr hot water and placed 
in side walls or under windows, or they may be supported on the ceihng and suitably 
decorated and connected as ordmaiy steam or hot water radiators. Hot water pipes 
may be embedded in the floor, w’alls or ceding, and when in the floors they mav be 
covered w*ith concrete and w’ood blocks or otner suitable material, the finish of the 
surface being more important than the composition of the material. WTiea in the ceiling 
or walls, they can be covered wnth plaster to harmonize with the rest of the room Elec- 
trical radiant heaters are made oy embedding resistance elements ixi porcelain, or 
electric conductors may be woven into thick paper and lastened to the walls and ceilings, 
electric w’ires may be woven with tapcstiy- to form portable screens for local heating. 

4 • Wliat surface temperatures are generally used? 

WTiere hot water pipes are embedded in plaster, the surface temperature varies from 
90 to 130 F- WTiere flat iron plates are usro these may vary from 140 to 220 F, With 
electric resistances embedded in porcelain the surface temperature may \'aiy from 200 to 
500 F. High surface temperatures are not recommended. 

5 # What kind of heat rays are commonly generated for radiant heating? 

All heat rays are generally assumed to be the same as light rays; they travel at the speed 
of light, but they are invisible and longer. The rays used m hearing are 0.00005 to 
0 0001 in. long, compared with in\d5!ble red rays of about 0.000027 in. 

6 # When and why does the human body feel cold? 

The body feels cold not only when it loses heat at a greater rate than, it can generate it 
but also when heat is abstz^ed from the body disproportionately. Since the human 
body generates more heat than is necessary, it is only ziecessary to provide conditions 
that will regulate the correct ratio of losses; the provisiem of suitable radiant hearing 
surfaces is one way to establish these conditions. 

7 # Is the heat generated in the body ajSTected by action? If sen does it vary 
greatly? 

Yes. With hard work or energetic GDerdse, the total beat generated in the body may be 
5 to 6 times that generated when it is at rest. 

8 • Why is the heat loss from the bo^ by radiation important? 

The heat loss by radiation is proportional to the fourth power of the temperature dif* 
fercnce between the surface of the body and the avepge surface temperature of the 
surrounding walls, windows, etc ; whereas, for con'v^ction losses, it is only proporrional 
to the 1.25 power. 
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9 • What is the approxunate relation for heat losses? 

Heat losses from the body ^hen in a sedentary^ position are approximately as follows 
radiation 49 per cent, convection 23 per cent, evaporation 15 per cent, respiration 11 
per cent, and miscellaneous 2 per cent Actually, it depends upon age, en\'ironment and 
other conditions. 

10 • Differentiate between radiant and convection heating. 

The pnmary function of radiant heating is to regulate the loss of heat from the bodj 
without unduly heating the air, while in convection heating it is generally the function 
of the heating medium to transfer the heat to the air and thence to the occupant of the 
room. 


11 # What generally is the air temperature necessary to give equal comfort 
effect for s^entary conditions? 

With radiant heating, 64 to 66 F. With convection heating, 70 to 72 F 

12 • Why is there a saving in fuel consumption with radiant heating? 

A sa\dng is effected because the differential between inside and outside temperature is 
much less for radiant heating Less ventilating air is necessary and this can be supplied 
at a much lower temperature. 

13 • What is the mean normal surface temperature of the human body as 
determined for the United States? 

83 F. 


14 • Describe how to calculate the required amount of radiant heating surface. 

a. Obtain the mean heat emission in Btu per square foot per hour for room surfaces X, 
using values in Table 1, and surface temperatures as shown in second column of 
Table 2. 

b. Deduct X from 142 (142 being the emission per square foot given off by the human 
body at 83 F surface temperature) = F in Btu per square foot per hour 

c. From (142-X) deduct 11 1 (11.1 being the average radiation which the human body 
should lose per square foot for comfort conditions) = (142- A"-!! 1) =* Z 

d Multiply total interior surface of room by Z and divide by the emission per square 
foot from radiant heater, giving the surface 5 of radiant heater in square feet 


15 • Give a simple formula to calculate radiant heating surface required, and 
eoplam. 

_ (142-X - 11.1) A 
^ ” B 

where 


S = surface of radiant heater, square feet 

142 = Heat emission, Btu per square foot per hour which the human body would give 
off at 83 F, with surroundings at absolute zero 
X — mean heat emission, Btu per square foot per hour from surfaces of room 
11 1 = heat emission, Btu per square foot per hour from human body. 

A = total surface, square feet of i^'alls, ceilings, windows, etc , in room. 

B = heat emission per square foot from radiant heater surface 


16 • What natural evidence have we that air temperature alone is no criterion 
of comfort and that radiant heat affects the body more quickly? 

When standing in the sunshine on a cool spnng day, a person feels perfectly comfortable, 
but when a cloud passes over the sun, he instantly feels much cooler as the shadow reaches 
him. A shielded thermometer recording the temperature of the air shows no reduction 
in air temperature in so ^ort a period, so that the person actually feels a sensation of 
cold whidi an ordinary thermometer cannot register This shows that light and heat 
rays are shut off simultaneously and travel at the same speed, it also proves that radiant 
rays affect the comfort of the body quicker than air temperature does. 
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ELECTRICAL HEATING 


Resistors^ Heatins! Elements^ Electric Heaters, Unit Heaters, 
Central Fan Heatings Electric Steam Heating, Electric Hot Hater 
Heating, Electric Hot Hater Heating for Domestic Supply\ In-- 
dustrial Hmting, Cooling and Reier^ Cycle Heating by Electric 
Refrigeration, Auxiliary Electric Heating, Control. Calculating 
Capacities, Potcer Problems, Insulation, Electric Heating Data 

E lectric heating is steadily assuming a more important place in 
heating, ventilating and air conditioning installations, accelerated in 
many territories by the load building efforts of the utilities which usually 
include reduced rates to encourage such installations. Electrical heating 
has a logical place in the heating industry^ because of its features of 
flexibility, cleanliness, safety, convenience and ease of control. Electrical 
heating practice has many basic principles in common with fuel heating, 
but there are also important differences. WTien heat units are deliver^ 
to each room by wire, no combustion process is necessarx*, either at a 
central plant or at the indi\ddual room units. The maximum output of 
an electric heater is a fixed constant, unaffected by the temperature of the 
surrounding air and it follows that the maximum total load on an electrical 
heating system is the total wattage of connected electric heaters, regard- 
less of weather conditions. The real obstacle to the more general adoption 
of electric heating for buildings is the cost of the electricity itself. Because 
the heat units produced electrically are more costly, their conserv^ation is 
of more relative economic importance than with fuel heating, so that 
sponsors of electric heating give greater attention to temperature-insu- 
lated building construction. 

All heat is a form of energy. Fuels hold stored chemical energy which 
is released into heat by combustion. Electrical power is a form of enei^y 
which can be released into heat by passing it through a resisting material. 
Both fuel and electric heating have two divisions: first, the conversion of 
energy into heat; second, the distribution and practical use of the heat 
after it is product. 

In converting the chemical energy of fuels into heat by combustion, 
there is necessarily a considerable variation in thermal efficiency. This 
is not true, however, when converting electric power into heat, because 
100 per cent of the energy applied in the resistor is always transformed 
into heat. In electric heating practice the engineer need not be concerned 
about efficiencies of heat production, but rather about efficiencies of heat 
utilization. It is the engineer's problem to distribute the electrically 
produced heat units in such manner as to obtain ojnditions of maximum 
comfort with the minimum consumption of electricity. 
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DEFDJinONS 

Defeitions of terms used in fuel heating are given in Chapter 44. The 
following terms apply particularly to electric heating: 

Electric Resistor: A material used to produce heat by passing an electric current 
through it. 

Electric Heating Element: A unit assembly consisting of a resistor, insulated 
supports, and terminals for connecting the resistor to electric power. 

Electric Heater: A complete assembly of heating elements with their enclosure, 
ready for installation in service. 

TYPES OF RESISTORS 

Solids, liquids, and gases may be used as resistors, but most com- 
mercial electric heating elements have solid resistors, such as metal 
alloys, and non-metallic compounds containing carbon. In some types of 
electric boilers, water forms the resistor which is heated by an alternating 
current of electricity passing trough it. One of the more common 
resistors is nickel-chromium wire or ribbon which, in order to avoid 
oxidation, contains practically no iron. 

HEATING ELEMENTS 

Commercial electric heating elements are divided into open type 
elements, enclosed t3^e elements, and cloth fabrics. Open type elements 
have resistors exposed to view. The resistors may be coils of wire or 
metal ribbon, supported by refractory insulation, or they may be non- 
metallic rods, mounted on insulators. Open t^e elements are used 
extensively for operation at high temperatures when radiant heat is 
desired. They are also frequently used at low temperatures for convec- 
tion and fan circulation heating, especially in large installations. 

Enclosed type elements have metallic resistors embedded in a refractory 
insulating material, and encased in a protective sheath of metal. Fins or 
extended surfaces may be used to add heat-dissipating area. Enclosed 
elements are made in many forms, such as strips, rings, plates, and tubes. 
Strip elements are used for clamping to surfaces requiring heat by con- 
duction, and in convection and fan circulation oir heaters. Ring and 
plate dements are used in dectric ranges, wafHe irons, and in many small 
air heaters. Tubular elements may be immersed in liquids, cast into 
metal, and, when formed into coils, used in electric ranges and air heaters. 
Cloth fabrics woven from flexible resistor wires and asbestos thread, are 
used for many low temperature purposes. 

ELECTRIC HEATERS 

Electric heaters may be divided into three groups, conduction, radiant 
and convection. 

Conduction dectric heaters^ which ddiver most of their heat by actual 
contact with the object to be heated, are used in such applications as 
aviators' clothing, hot pads, foot warmers, soil heaters, ice melters,^ and 
pipe heaters. Conduction heaters are useful in conserving and localizing 
heat ddivery at definite points. They are not suitable for general air 
heating. 
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Radiant electric heater^, which deliver ni:5t of their heat by radiation, 
have high temperature incandescent heating element? and reflectors to 
concentrate the heat rays in the desired directions. The immediate and 
pleasant sensation of warmth which is caused by radiant heat makes this 
t\'pe desirable fjr tempcraiy* use where the heat rays can fall directly 



Fig. 1. Portable Radiant Electric Fia. 2. Raliant Electric Heater 
Heater Recesseo in Wall 

upon the body. They are not ^tisfactor>" for general heating, as radiant 
heat rays do not warm the air through which they pass. They must 
first be absorbed by walls, furniture, or other solid objects which then 
give up the heat to the air. The location of radiant heaters is important. 
They should never face a window because some rays would pass through 
the glass and be lost. Figs 1 and 2 show common types of portable and 
wall-mounted radiant heaiers. 

Gravity convection electric heaters^ designed to induce thermal air circu- 
lation, deliver heat laigely by convection, and should be located and used 



Fig. 3. Convection Electric Heater Fig. 4. Fan Conv^ection Electric 
Recessed in Wall Heater Recessed in Wall 

in much the same manner as steam and hot water radiators or convectors. 
They generally have heating elements of large area, with moderate 
surface temperature, enclosed to give proper stack effect to draw cold air 
from die floor line (Figs. 3 and 4). The fieidbility possible with electric 
heating elements should discourage the use of secondary mediums for 
heat transfer. Water and steam add nothing to the efficiencv’ of an 
electric heater and entail expensive construction. 
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Fan convection electric heaters^ which include a built-in fan unit, circu- 
late room air over the heating elements at 300 to 400 fpm. Heaters of 
this type are manufactured in three designs, portable, wall hung and wall 
insert. The fan draws air from the floor zone through a lower gnlle, 
forces it over the heater elements and out through an upper grille into 
the breathing zone. The improved heating effectiveness of this type 
electric heater has done much to promote electric heating for residences. 

UNIT HEATERS 

Fan umt electric heaters, similar to steam unit heaters, ha\ing a pro- 
peller type fan mounted behind the heating element, are made in many 
styles and can be located and used much the same as steam unit heaters 



(Figs. 5 and 6). These electric unit heaters are used in industrial plants, 
sub-stations, power houses, pumping stations, etc., where large initial use 
of electricity for power purposes earns a low rate for electric heating. 
Portable unit heaters (Fig. 7) of this type are useful for temporary work, 
such as drying out damp rooms, or for wanning rooms during construction. 

CENTRAL FAN HEATING 

Electric heating elements can be used for the prime source of heat in a 
central fan electric heating system or in the heating phase of a complete 
air conditioning system. They can be used in the same manner as steam 
served heating units for tempering, preheating or reheating the air at the 
main supply fan location and as booster heaters at the delivery terminals 
of the duct system. In the humidification phase of air conditioning 
electric heating elements can be used to provide moisture by the evapori- 
zation of water, or for controlling air washer dew-point temperatures when 
mounted as preheating units on the intake side of the air washer. 

In coordinating the input of heat ener^ and the volume of air droi- 
lation, a basic difference between electric heating and steam heating 
enters into the problem. Steam is approximately a constant-temperature 
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source of heat for any g:^en pressure as a change In air \oIuine 
o^ er steam coils does not greatly aftect the temperature cf the delivered 
air. The amount of steam condensed ■ heat input arles in propcrtion to 
the air volume, but the surface temperature cf the steam coils remains 
about the same. Electric heat is omte dinerent, being a constant source 
of energ\'. If the \c!ume of air row o\er electric heating elements is 
changed, and no chanee is made in the electnca: power connections, there 
wrill be a corresponding change in the temperature of the air delivered 
because the electrical energ\’ input remains cc-nstant and the surface 
temperature of the heating elements Wili \a,ry as is necessar>’ to force the 
air to accept all the heat. With electric heat the total heat is co.^stant 



Fig 6 Large Industrul Type Fan 
Unit Electric Heater 



Fig, 7. Large Industrlu- Type Port- 
able Fan Unit Electric Heater 


unless some compensating action is performed by control. Automatic 
modulation to vary the electrical heat input and s>mchronize it properly 
with the air flow has been successfully applied to central fan systems. 

ELECTBIC STERM HEATING 

Electric steam heating differs from fuel heating only in the use of electric 
boilers to generate steam. Electric steam boilers are entirely automatic 
and are 'well adapted to intermittent operation. Small electric boilers 
usually have heating elements of the enclosed metal resistor type im- 
mersed in the water. Boilers of this construction may be used on either 
direct or alternating current since the heat is deliver^ to the water by 
contact with the hot surfaces. To lessen the likelihood that the heating 
elements will bum out, they are made removable for cleaning off deposits 
of scale which restrict the heat flow. Large electric boilers are usually of 
the type employing water as the resistor. Only alternating current can 
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be used, as direct current would cause electrolytic deterioration. Lar^e 
boilers of this kind have electrodes immersed in the water where heat is 
generated directly. Electric steam boilers are useful in industrial plants 
which require limited amounts of steam for local processes, and for 
sterilizers, jacketed vessels and pressing machines which need a ready 
supply of steam. It sometimes is economical to shut down the main 
plant fuel burning boilers when the heating season ends, and to supply 
steam for summer needs with small electric steam boilers located close 
to the operation. In general, electric steam heating is confined to auxi- 
liary or other limited applications. If the heating system is designed to 
use electricity exclusively, steam generating or distnbuting equipment is 
superfluous. 

ELECTRIC WATER HEATING^ 

Electric water heating, using an electric boiler in place of a fuel burning 
boiler, like electric steam heating, is generally confined to auxiliary or 
other limited applications. However, the use of insulated water storage 
tanks in which to store heat generated by electricity during off-peSk 
hours at extremely low rates, is a development which may bring electric 
water heating systems into general^ use. This type of system, known as 
the off-peak hot water storage heating system, offers striking possibilities 
in the Southern and Pacific Coast States where the degree-day heating 
load is low and the Utilities have developed or are now developing large 
blocks of hydro-electric power which can be marketed at 1 cent per 
kwhr or less. 

In this system of heating, the primary storage t^k is simply a large, 
well-insulated, pressure type steel tank, equipp^ with immersion electric 
heating elements connected to line with automatic time switches, which 
also have automatic limit controls for temperature and pressure. The 
heating system installed in the home or other type building may be of the 
individual radiator type or fan-served indirect type, with provisions for 
the heating and humidification phases of cin air conditioning system. 

The following types of off-peak heating systems are used : 

1. Hot water with gravity circulation. 

2. Hot water with forced circulation. 

3. Warm air utilizing forced circulation. 

4. Unit heaters utilizing hot water as the heating medium 

5. Warm air utilizing stored heat in connection with waste heat. 

The essential parts of all types of off-peak storage systems are: 

1. Heavily insulated storage tank. 

2. Immersion heating elements. 

3. Automatic chargmg control. 

4. Heat distributing system. 

5. Automatic temperature control. 

The insulated storage tank, the heating elements and the charging 
control are practically identical for all types of off-peak systems. Only 

^Performance Test of an Electric Hot Water Heating; Boiler, by John James (A S H V E Joubnai 
Section, HeeUtng, Piping and Air Conditionings September. 1936) 
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the heat distributing systen: and the rccn: temperaturt? ccntr./* differ 
to any extent. 

The size of the storage tank is based upon the heat Icsses cf the building, 
the heating schedule, the hours of heating from storage, and all:>wance for 
heating up. In new buildings and where openings perntit, factors' 
fabricated tanks are used. Otherwise, the tanks are welded at the final 
location. 

In hot water systems, the storage tank supplies hot water tti standard 
heating units (radiators or convectors installed in the building The 
■water in the storage tank is heated to approximately 2oU F. In the 
system using gravity circulation, the temperature of the hot water sup- 
plied to the heating units is varied by the action of a mixing valve under 
control of the room thermostat. In larger installations, the circulation 
is obtained by means of a pump under thermostatic control. In this case, 
the temperature of the water supplied to the heating units is regulated by 
mixing the proper amount of return water with the 250 F water from the 
storage tank through a suitable by-pass. 

The warm air system makes use of extended heating surface and a 
plenum chamber assembly a central fan system; which is usually 
installed in the basement alongside the storage tank. The warm air 
supply ducts are run in the usual manner from the top of the plenum 
chamber to the registers in the rooms. The return air is brought back 
through cold air ducts to the inlet side of the fan or blower. Temperature 
regulation is obtained by thermostatic control of the blower and the valve 
admitting hot water to the heating units. Air cleaning and humidifying 
apparatus is readily incorporated in the system. 

Unit heaters are used in connection with off-peak storage heating 
systems for industrial buildings. For sub-stations and certain types of 
industrial buildings, the electric stor^e heater is used to supply hot 
water to unit heaters placed in various parts of the building. Certain 
sections of the building, such as offices and rooms which are partitioned 
oflf from the larger areas, may be heated by ducts leading from indirect 
heating units supplied with hot water in pJarallel with the unit heaters. 

Warm air supplied from off-peak storage is sometimes used in con- 
jimction with a system desired to utilize waste heat. In this application, 
heating units are installed in the waste heat ducts, which supply waste 
heat from the losses of synchronous condensers and other apparatus. 
When the waste heat does not provide sufficient heating, the air tempera- 
ture is boosted by supplying the proper amount of hot water from the 
storage tank to the heating units. Controls are provided, which not only 
make the entire operation automatic, but insure maximum recovery from 
the waste heat source. 

ELECIBIC WATER HEATING FOR DOMESTIC SUPPLY* 

Electric water heaters of the automatic storage type for domestic hot 
water supply are simple and reliable, and in many sections of the country 
very low electric rates have been established by the electric utilities to 
secure this load. In some districts, rate schedules divide the current 


n'est Results of Electric Water Heaters, by C G. HBIHer CA.S,H.V,E. Jousmal Sbctxon. STraAnf , Ftpiu 
and Atr Condttumtng, November. 1936), 
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used for water heating into two classifications, regular and off-peak. A 
time switch automatically limits use of the off-peak heating element to 
the hours of off-peak load, while the regular heating element is a stand-by 
at all times. Storage of this two-element type of water heater is larger 
than average to carry over the periods when the off-peak element is timed 
out, without too frequent demands on the regular heating element which 
takes the high domestic lighting service rate. Some utilities now offer a 
schedule which, beyond a stipulated minimum, lowers the rate for all 
service if an electric water heater is installed. 

INDUSTRIAL ELECTRICAL HEATING 

Electric heating elements have been successfully developed for in- 
numerable industrial furnaces such as annealing, brazing, carburizing, 
enameling, forging, ceramic firing, hardening, metal melting, nitriding 
and process heating. Industrial ovens where precise control of high 
teinperatures is necessary can be very successfully operated with electnc 
resistance elements where temperatures as high as 700 F are required. 
Electric heaters for heating oil to high temperatures for secondary circu- 
lation in process work are used as a substitute for superheated steam. 
Special oil can be electrically heated as high as 600 F and pumped at a 
pressure just sufficient to cause flow. When used in heating coils or 
jacketed vessels, this gives a safe and convenient automatic system for 
moderate-sized installations. 

COOLING AND REVERSED CYCLE HEATING BY 
ELECTRICAL REFRIGERATION" 

Reversed refrigeration is frequently referred to as a heal pump since the 
electric motor driving the refrigerating compressor furnishes the motive 
power to transfer heat from one temperature to a higher temperature 
level. The compressor acts as a reversible refrigerating unit to extract 
heat from the outdoor air in winter and deliver it indoors for heating 
purposes, and, by a reversal, to extract heat from the indoor air in summer 
and discharge it outdoors. 

In normal use a refrigerating machine is arranged to remove heat and 
the heat removed is dissipated to the condenser cooling water. The 
driving energy is converted into heat most of which is added to the heat 
removed and extracted. In so-called reversed refrigeration the heat 
removed together with the heat converted from the driving energy is 
utilized to heat the building. This conservation of the heat converted 


•Cooling Homes, A Field for Refngeration, by A R Stevenson, presented at the si^mposmm of the 
Refrigeration with Gas Committee of the American Gas Association, Apnl 20, 1926 

The Heat Pump, An Economical Method of Produang Ixjw-grade Heat from Electnaty, by T G N. 
Haldane ^ectnc Remew, VoL 105, p 1161-1162, December 27, 1029, and IRE Journal, Vol 68, p 
666-675, June, 1930). 

Edison Building Heated and Cooled by Electnaty, by H L. Doohttle (Power, Vol 74, p 384, Septem- 
beit 8v 1931) 

. House Heating by Pump mth 5 to 1 Pick-up Ratio, by Gilbert Wilkes and R E. Marbury (Electrical 
WhrU, Vol 100, p 828. December 17. 1932). 

' 'An All Electnc Heating, Coohng and Air Conditiomng System, by Phihp Spom and D. W. McLenegan 
(A S H V E. JouRKAi. Section, Seating, Piping and Air Conditioning, August, 1935) 

, Using the Reversed Cycle Refrigerating Pnnaple for a Self-Contamed Heating and Coohng Umt, by 
Hexiry L Galson (A S H V E Joxjenal Section, Seating, Piping and Atr Conditioning, October, 1935) 
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from the driving energy enaMef the reve-sed ref*‘:::erat:cr. t'j shew a 
better performance :n heating rer^.ce than straight refrigeration can 
show in cooling service. 

For a detailed description c: thiS cycle see Chapter 2 on Refrigeration 

AUXILIARY ELECTRIC HEATING 

In conjunction with heating systems of other types, an auxiliarr elec- 
trical heating arrangement is a convenient means of caring for mild days 
in the spring and fall which require little heat to make a house rr building 
comfortable. Likewise, such electrical heating might be used on ab- 
normally cold days to help out the main heating system and by this means 
reduce the necessary’ size of the system. 

Because of the feeling of comfort that a radiant type heater gives, 
bathrooms may be heated electrically with this t\'pe of heater while the 
rest of the house is cared for by some other system. Offices and rooms 
which require heat at periods when the main heating plant is shut down 
can be conveniently cared for electrically. 

CONTROL 

Because the efficienmc of electric heat production is the same for la^e 
or small units, it is possible to reduce heat waste to a minimum by appKring 
local heating, locally controlled. Wherever radiant heaters are used, 
thermostats can be used which operate through changes in air tempera- 
ture but such thermostats can not integrate the combination effect of the 
radiant and convected heat. More accurate control can be had by the 
eupatheoscope, described in Chapter 3S on Radiant Heating. For all con- 
vection and fan circulation heaters thermostatic control is useful. Heaters 
up to 5000 watts on 230 volt current can be thermostatically controlled 
by direct-acting wall thermostats. For larger size heating elements the 
thermostat should operate a relay which in turn interrupts or closes the 
circuit to the heating element. 

CALCULATING CAPACITIES 

The methods of calculating heat losses outlined in Chapters 6, 7, and S 
may be used for electric heating exactly as for fuel heating. The total 
heat requirements in Btu per hour may then be converted into the 
electrical rating of an equivalent heating system by using the equation: 

Total Btuj)er jour ^ rating of required electric heating (1) 

o41o 

For comparison with steam radiation: 

3415BtuJone lgd g) „ 14 3 3 ,, ^ radiation 

While many empirical rules based on cubic contents, floor areas, etc,, 
are us^ in steam heating practice, they should never be used to deter- 
mine size of equipment for an electrical heating installation. 
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For electrical heating actual heat losses should be figured accurately 
because the utility company rates and minimum charge items are com- 
monly based on the size of equipment installed, so that cost of operation 
might be penalized by rule-of-thumb sizing of the heating equipment. 

POWER PROBLEMS 

The first point to determine is the cost of the power which is available 
for electric heating. Unlike fuels, there is no uniform cost for electric 
power because of the unequal cost of distribution to large and smaJl 
users. The fact that electricity cannot be economically stored, but must 
be used as fast as it is generated, makes it impossible to operate power 
plants at uniform loads; hence, even the time of use may affect the cost of 
power. 

Homes are almost universally supplied with lighting current of 115 
volts, which cannot be used economically for any but the smallest heaters. 
Usually the service lines will not permit more lian plug-in devices. The 
underwriters permit heaters of 1250 watts to be us^ from approved 
baseboard receptacles. Where homes have 230 volt service for cooking 
and water heating, and rates are favorable, larger heaters can be installed. 
For industrial purposes, heaters should be designed to use polyphase 
power, which is usually supplied at 230, 460 or 676 volts. All polyphase 
heaters should be balanced between phases. 

INSULATION 

The value of building construction which^ incorporates built-in in- 
sulation to reduce the outward heat loss in winter and the inward heat 
gain in summer has been placed in the spotlight by the increasing adop- 
tion of complete air conditioning. With electric heating, adequate 
insulation is very important. Two groups of 16 homes each, in Southern 
California, are compared in the following actual figures taken from 
operating records of not less than two years, and in some cases up to 
eight years. 


IXEIC 

Inbulatbd 

Hoicks 

UNIMBinilTEO 

HoUBS 

Average Si 2 e of Home: Number of Rooms. 

Number of Bathrooms 

Average kw Connected Load per Home: 

Range — . 

Water Heater. 

Heating.- 

Tn^a^ Irw . 

8.7 

2.6 

9.6 

6.3 

34.0 

49.9 

4562 

134 

8.7 

2.3 

9.3 

5.9 

32.7 

47 9 

8223 

252 

Annual kwhr for Heat per Home. 

Annual kwhr per kw Heat Connected- ^ - ~ 



Cost of Heating 

If the consumer obtains heating at 2 cents per kwhr his annual cost of 
heating an insulated home would be $91.24, as compared with $164.46 for 
heating an uninsulated home. Thus, insulation in the average home 
creates an annual saving of $73.22, representing 45 per cent of the annual 
heating cost if the house is not insulated. 
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Cost of Insulatioxi 

When the average ccst cf msulitirig a home is from ?25.00 ZZ' i?o0-00 
per room, or from S200.00 to for a heme cf the size used herein, 

it is therefore apparent that savings in healing costs will pay for the cost 
of insulation in from 3 to 6 years. In case the insulation warrants a 
reduction in connected load, the subsequent reduction in installation cost 
of heating equipment can be applied against insulating costs -which would 
materially reduce total cost. 

ELECTBIC HEATING DATA 

Electric heater capacit\- is rated in kilowatts kw<. Electric energy is 
measured in kilowatt-hours 'kwhr . Cost cf operation = kw rating 
X hours used X cost per kwhr. 

One boiler horsepower q^hp') — 33,471.9 Btu per hour 

One kilowatt-hour (kwhr) « 3,415 Btu. 

M 471 0 

One boiler horsepower « ~ ^*50 kwhr 

o,4lo 

One boiler horsepower will e^-aporate 34.5 lb >;^ater per hodr from and at 212 F 
34 5 

One kilowatt-hour = -j-— = 3 52 lb of «ater per hour at 212 F 

Additional conversion factors are given in Chapter 44. 


PROBLEMS IN PRACTICE 

1 • Under what conditions are electric heaters most feasible? 

a. In cliznates such as in the South and in California, where they are used economically 
for many heating purposes. 

b. As auxiliary to central steam or hot water heating plants. 

1. Fall and spnng. 

2. During peak loads. 

3. During shut-down periods. 

c. In factories, offices, etc., where they have a large mimmum load charge for electrical 
power due to large size of connect^ motors that they cannot use up but must pay 
for r^rdless of non-use. 

2 # On what bam should electric heating costs be compared to heating with 
fdcOs? 

a. Use. 

b. Safety. 

c. Rates. 

d. Locality. 

e. Initial investment: 

1. Interest. 

2. Depreciation. 

/. Ease of serving electric heaters 
g. Ease of control. 
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3 • Approximately how low must the rates be to permit the use of electricity 
for heating purposes? 

Probably the ener^ must sell for 2 cents or less per kwhr At 2 cents the cost would be 
$5.86 per 1000 Mbh (See Chapter 29 for comparison with other fuels ) This looks 
high, but the seasonal energy consumption would not be as large with electncity as with 
ot£er fuels, for reasons stated in Que^ion 1. 

4 # In fan heating systems, what is an important difference between a steam 
heated coil and[ an electrically heated coil? 

A coil supplied with steam at constant pressure will remain at constant temperature 
regardless of the amount of air passing over it The temperature of the electric coil 
supplied with a constant amount of energy will rise if the air quantity is decreased and 
fall if the air quantity is increased. 
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Am CONDITIONING FOR INDUSTRIAL 
PROCESSES 


Moisture Content and Regain^ Typical Industries Requiring Air 
Conditioning^ Classification of Problems, Control of Regain^ 
Control of Rate of Chemical Reaction, Control of Rate of Bio~ 
chemical Reaction, Control of Rate of Crystallization, Conditioning ^ 
and Drying, Atmospheric Conditions Required, General Require^ 
ments. Air Conditioning of Libraries, Greenhouse Heating 


I N the manufacture or processing of hygroscopic materials such as 
textiles, paper, wood, leather, tobacco and foodstuffs the temperature 
and relative humidity of the air have a marked influence upon the rate of 
production and upon the weight, strength, appearance and general 
quality of the product- This influence is due to the fact that most 
materials of vegetable or animal origin, and to a lesser extent minerals in 
certain forms, take moisture from or give it up to the surrounding air. 

In industries where the physical properties of the product affect value, 
the question of moisture is of special importance. With increase in 
moisture content, hygroscopic materials ordinarily become softer and 
more pliable. Standards of r^ain are firmly fixed in trade with fair 
penalties for excesses. Deficiencies result in loss of revenue to seller and 
loss of desirable quality to buyer. 

Manufacturing economy therefore requires that the moisture content 
be maintained at a percentage favorable to rapid and satisfactoty manipu- 
lation and to a minimum loss of material through breakage. A uniform 
condition is desirable in order that high speed machinery may be adjusted 
permanently for the desired production w^ith a minimum loss from delays, 
wastage of raw material and defective product. 

In the procesring of hygroscopic materials, it is usually necessary to 
secure a final moisture content suitable for the goods as shipped. Where 
the goods are sold by weight, it is proper that they contain a normal or 
standard moisture content. 

MOISTOBE CONTENT AND BEGAIN 

The terms moisture content and regain refer to the amount of moisture 
in hygroscopic materials. Moisture content is the more general term and 
refers either to free moisture (as in a sponge) or to hygroscopic moisture 
(which varies with atmospheric conditions). It is usually expressed as a 
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Table 1. Regain of Hygroscopic Materials 

Moisture Content Expressed in Per Cent of Dry Wetght of the Substance at 
Various Relative Humidities — Temperature, 75 F 


Clabbi- 

nCATION 

Matbbial 

DBSCBDnOM 

' 

Rblativ* HmnDirr— P ie Gsssn 

AmHOBITT 

10 

20 

30 

40 

50 

60 

70 

80 

90 


Cotton 

Sea island— ronng 

25 

3.7 

46 

55 

66 

7.9 

93 

115 

SB 

Hartahome 

Cotton 

Amenoan— doth 

26 

3.7 

44 

52 

59 

68 

8.1 

100 

143 

Schloesing 

Cotton 

Aba<9bent 

48 

90 

125 

15 7 

18 5 

m 

223 

243 

258 

Puwa 

Wool 

Australian menno— skein 

4.7 


89 

108 

12 8 

14.9 

173 

199 

234 

Hartahome 

SiOc 

Raw chevennes— riiein 

32 

55 

69 

80 

89 

10.2 

119 

143 

18 8 

Schloesing 

TjTiftn 

Table cloth 

19 

29 

36 

43 


m 

Vm 

84 


Atkinson 

Tinaw 

Dry spun— ' 7 am 

36 

54 

65 

73 

8.1 

84. 

93 

112 


Sommer 

Jute 

Average of several grades 

31 

52 

69 

85 

102 

12 2 

14.4 

17.1 


Storch 

Hemp 

MaTiila sisal— tope 

27 

47 

60 

72 

8.5 

9.9 

11.6 

13 6 


Fuwa 

RajoiB 

Yiscose Nitroodb- 
loee Cupramoniom 

Average skein 

m 

57 

68 

79 

92 

m 

124 

14 2 

n 

Robertson 

Celluloea Acetate 

Fibre 

08 

1.1 

14 

19 

24 

3.0 

36 

43 

53 

Robfftson 

Piper 

M.F Newsprint 

Wood pulp— 24% ash 

21 

3.2 

40 

47 

53 

6.1 

73 

8.7 

10 6 

U S B ofS 

H M.F. Wntmg 

Wood pulp-i3% aah 

30 

42 

52 

62 

72 

83 

9.9 

113 

14 2 

H.S B oFB 

WMteBond 

Rstf— l%Mh 

24 

3.7 

4.7 

5J 

65 

73 

88 

m 

13 2 


Com Ledger 

75% rag— 1% ash 

32 

4.2 

50 

56 

6.2 

6.9 

8.1 

103 

13 9 

U.S B ofS 

Hraft Wrapping 

Coniferous 

32 

46 

5.7 

66 

7.6 

8.9 

m 

12 6 

149 

IT S B ofS 

Mbo. 

Otguuo 

ITatM-inlB 

Leather 

Sole oak— tanned 

50 

85 

11.2 

13.6 

m 

183 

20.6 

24.0 

292 

Phelps 

Catgut 

Racquet stnngs 

46 

72 

86 

102 

12 0 

143 

173 

198 

217 

Fuwa 

Glue 

Hide 

34 

48 

58 

66 

76 

90 

m 

m 

m 

Fuwa 

Rubber 

Solid tne 

oai 

021 

032 

0.44 

054 

066 

076 

088 

099 

Fuwa 


Wood 

Timber (average) 

30 

44 

59 

76 

93 

113 

ESI 

SB 

m 

Forest P l«b 

Soap 

White 

1.9 

38 

5.7 

76 

m 

119 

161 

193 

238 

Fuwa 

Tobaeeo 

Cignette 

54 

86 

og 

133 

5 

193 

250 

333 

500 

Ford 

Food- 

•taffs 

White Bread 


05 

17 

31 

45 

62 

83 

111 

143 


Atkinson 

Cradcen 


21 

28 

3J 

39 

5.0 

65 

83 

m 


Atldnaon 

Maisarom 


51 

1 A 

8J 

10.2 

11.7 

13./ 

163 

19.0 


Alkmson 

Flour 


26 

4.1 

SJ 

65 


9.9 

124 

15 4 

191 

Ballsy 

Starch 


22 

38 

5.2 

64 

74 

83 

92 

10.6 

12.7 

Atkinsott 

Gelatin 


07 

16 

28 

38 

49 

6.1 

73 

93 

114 

Atkinson 

IfiM. 

TflAHHmiW 

Mfttenab 

Asbestos Fibre 

Fln^ divided 

016 

024 

m 

032 

0.41 

m 

m 

073 

084 

Fuwa 

SihcaGel 


57 

98 

117 

15 2 

17.2 

183 

202 

213 



Domestio Coke 


020 

040 

061 

081 

103 

134 

146 

1.67 



Aotnrated Chareoal 

Steam activated 

71 

14J 

218 

26 2 

283 

292 

SQ 

311 

327 

Fuwa 

Sulphnno And 

S £ 0 i 

330 

4L0 

475 

52 5 

57.0 

613 

670 

733 

823 

Mason 
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percentage of the total weight of material. is more specinc and 

refers only to hygroscopic moisture. It is e.%pres£ed as a percentage of the 
bone-dry weight of material. For example, if a sample of cloth -weighing 
100.0 grains is dried to a constant weight of 93.C grains, the less in weight, 
or 7.0 grains, represents the weight of moisture originally contained. This 
expressed as a percentage of the total weight 100.0 grains gives the 
moisture content or 7 per cent. The regain, which is expressed as a per- 


centage of the bone-dr\" weight, is or 7.5 per cer 


The use of the term regain dees not necessarily imp!:" that the material 
as a -whole has been completely dried out and has re-abserhed moisture. 
In the case of certain textiles, for instance, complete dr\-ing during manu- 
facturing is avoided as it might appreciably reduce the ability’ of the 
material to re-absorb moisture. In measuring moisture it is necessary 
to dry out a sample so that the less in weight may be used as a basis for 
calculating the regain of the whole lot. 


The moisture content of an hygroscopic material at any time depends 
upon the nature of the material and upon the temperature and especially 
the relative humidity of the air to which it has been exposed. Not only 
do different materids acquire different percentages of moisture after 
prolonged exposure to a given atmosphere, but the rate of absorption or 
drying out varies with the nature of the material, its thickness and 
density. 


Table 1 shows the r^ain or hygroscopic moisture content of several 
organic and inorganic materials when in equilibrium at a dr>^-bulb tem- 
perature of 75 F and various relative humidities. The effect of relative 
humidity on regain of hygroscopic substances is clearly indicated. The 
effect of temperature is comparatively unimportant. In the case of 
cotton, for instance, an increase in temperature of 10 deg has the same 
effect on r^ain as a decrease in relative humidity of one per cent. Changes 
in temperature do, however, affect the rate of absorption or drying. 
Sudden changes in temperature cause temporary fluctuations in regain 
even when the relative humidity remains stationary. 


INDUSTBIES REQUIRING AIR CONDmONING 

A few of the industries in which air conditioning plays an important 
part and the major uses in these industries are as follows: 

Automobile. Drying of accative coatings, manufacture of steel, manufacture of 
artificial leather, d^ng of rubber, manufacture of tire fabrics, cementing of inner tubes, 
conditioning of wooden spokes and other wooden parts, conditioning and manufacturing 
of all electrical windings in connection with the electrical apparatus, storage battery 
plates and the nibb^ containers. 

Bakery. Flour storage, yeast and ingredient storage, mixers, fermentation rooms, 
make-up room, proof boxes, load cooling, wrapping ^including paraffin paper), cake 
mixing and cal^ icmg. 

Brewery. Fermentation and starting rooms. 

Chemical. Powders (including exploaves and baking powder), drying of salts o( all 
kinds, hygroscopic compounds and drugs, glues and ge&tins. 

Clay Products. Bricks, pottery and ceramics. 

ConfecHonery. Chocolates, bon bons, hard candy, gum drop*, marshmallows, caramels, 
chewing gum and starch and various sugars. 
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Drugs and Pharmaceuticals. Drugs and pharmaceuticals might also be included under 
chemicals, but definitely to be added to this group are capsules, hygroscopic colloidal 
crystals, serums and toxins. 

Electrical Goods. Toll cable manufacture, telephone exchanges, winding rooms, lamp 
manufacturer and filament departments 

Films and Film Laboratories Diynng cabinets, printing rooms, perforating rooms, 
projection assembly rooms, mo\’ing picture studios, celluloid and color photography. 

Foods Bread and cake, cereals, macaroni, meats fcold storage markets), yeast, 
enzymic products, fruits, including apples and bananas, both for preser\nng and ripening 

Furs. Fur storage. 

Incubators. Human babies, chickens and similar hatching 

Laboratories All kinds 

Leather Drying and processing of hides, skms and manufacture of bags, shoes and 
findings 

Linoleum Drying, printing, oil cloth, and linseed oil buildings 

Matches. Storage of raw materials, machine drying and packing. 

Minerals. Gold beater rooms, gold and silver leaf mamifactunng, metal enameling, 
and mottled T\are, particularly all cutting on iron. 

Paper and Paper Products Moisture absorption m manufacture, cutting, folding, 
binding and furnishing bags, mcluding gluing, parchment paper, cellophane containers, 
paste board containers, paste board bottles and ^g containers 

Pearls Artificial pearls 

Printing, Lithography and Rotogravure. Plajnng cards, process work, storage, offset 
w’ork, binding, roUers and ink. 

Soap. Crystallizing under the cold process. 

Textiles Cotton: drying, spinning and wea^dng Rayon: chemical house, spinning, 
dr3nng, twisting, reeling, winding, inspection and storage Silk storage, twisting and 
reeling, spinning, wea\Tng, knittmg, tm and lead weighing and regain rooms Chosiery 
and underwear) 

Tobacco Cigarettes: storage, mixing, blending, paper and machine manufacture. 
Cigars storage, cunng, cleaning, wrapping and packing. 

It is apparent that the subject of air conditioning for industrial pro- 
cesses is extensive and greatly involved, and that a detailed treatment is 
therefore beyond the scope of this book. A few of the salient points of 
the general subject are covered in this chapter. 


CLASSfflCATION OF PROBLEMS 

The problems of industrial air conditioning fall into four general classes: 

1. Control of R^ain 

2. ^ Control of Rate of Chemical Reactions. 

3. Control of Rate of Biochemical Reactions 

4. Control of Rate of Crystallization. 


CONTROL OF REGAIN 

In the first class the textile plant offers a good example. The regain or 
moisture content affects the physicd properties of textiles to a marked 
degree, changing the strength, pliability and elasticity. 

The fact that the regain of textiles will come into equilibrium with the 
conditions of lie surrounding air and vary with its temperature ^d 
relative humidity is the fundamental basis for the control of physical 
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qualities during manufacrure During the p-epar^::* n process :n a 
cotton mill, the fibers should be in a erudition easi.p to Le loroucirt 
parallel to each other. 

A relative humidity of 50 to 55 per cent ^nes tire Ires: "“e^jult f -r these 
preliminaiy" processes. As the cotton fiber comes to the spinning opetti- 
tion, more flexibility is needed and the relative hjmid.ty :s ir/redsed in 
this department. For many years. u5 per cent rel.it:ve humidity WdS 
considered the optimum. As pointed out in a paper presented before the 
Cotton Manufacturers Associaiwji in 392d, a higher relat.ve humidity is 
necessary’ to offset the extra work performed on the d’- er as the spindle 
speed was increased. Today many cotton mills carr\' 70 per cent relative 
humidit\* in the spinning rooms. Winding, warping and weaving are all 
processes calling for great flexibility and a consequent need for higher 
humidit>o 

Other textile fibers, due to their different natural characteristics, are 
processed under relative humidities and temperatures applicable to each. 

Rayons, on account of great loss of strength with the higher regains, 
should be processed in a relative humidity* of 57 per cent. Acetate silk, 
another chemical fiber, with approximately 50 per cent of the r^ain of 
rayon, may be process^ between 60 and 65 per cent relative humidity. 

All hygroscopic materials, w'hen absorbing moisture, release sensible 
heat equivalent to the latent heat of the moisture taken up by the ma- 
terial. This may account for a large percentage of the total load. 

CONTROL OF RATE OF CHEMICAL REACTION 

Typical examples of the second classification, the control of the rate of 
chemical reactions, occur in the manufacture of rayon. The pulp sheets 
are conditioned, cut to size, and passed through a mercerizing process. 
It is essential tliat this be under close control of both temperature and 
relative humidity. Temperature controls the rate of reaction directly, 
while the relative humidity^ maintains a constant rate of evaporation 
from the surface of the solution and gives a solution of knowm strength 
throughout the mercerizing period. 

Another well known example of this class is the drying of varnish 
which is an oxydizing process dependent upon temperature. High 
relative humidities have a retarding action on the rate of oxydization at 
the surface and allow the gases to escape as the chemical oxydizers cure 
the varnish film from the bottom. This produces a surface free from 
bubbles and a film homogeneous throughout. 

Temperatures for drying varnish vary with the ty^pe. ^ A relative 
humidity of 65 per cent is beneficial. In the field of biochemical control, 
industrii air conditioning has been applied to so many different and vrell 
Imown products that it is difficult to select an outstanding example. 

CONTROL OF RATE OF MOCHEMICAL REACTIONS 

All problems involving fermentation are" classed under this heading. 
As biochemistry is a subdivision of chemistry, subject to the same laws, 
the rate of reaction may be controlled by temperature. An example of 
this is the dough room of the modem bakery. Yeast develops best at a 
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temperature of 80 F with a relative humidity of 65 per cent to hold the 
surface of the dough open, so that the CO 2 gases formed by the fermenta- 
tion may pass out and produce a loaf of bread, when bak^, of even, fine 
texture without large voids. 

Another example of a similar nature is found in the curing of macaroni. 
The flour and water mixture is fermented and dried. As it is necessary 
to have a definite amount of water present to carty on a fermentation 
process, the moisture must-be removed in a relatively short period to 
stop fermentation and prevent souring and in such a manner as to avoid 
setting up internal strains in the mixture. Best results are obtained with 
the correct cycles of both temperature and humidity. 

The curing of fruits, such as bananas and lemons, also come under this 
classification. Bananas are treated somewhat differently and to accom- 
plish the required results, a cycle of temperatures and relative humidities 
is used. The starches in the pulp must be changed and the skin cured and 
colored. Then the fruit is cooled to maintain as slow a rate of metabolism 
as possible. Ideal conditions range between 55 to 57 F, and in no case 
should the temperature go below 49 F, as the starches then become 
indigestible. 

The curing of lemons is an entirely different problem. Bananas are 
cured for a quick market, while lemons are held for a future market. The 
process, therefore, varies in the temperature used. Temperatures from 
54 F to 59 F have been found to be best suited for this process. A high 
relative humidity, 88 to 90 per cent is necessary to hold shrinkage to a 
minimum and, at the same time, develop the rind so that it will be 
sufl&dently tough to stand handling. 

Tobacco from the field to the finished dgar, dgarette, plug or pipe 
tobacco, offers another interesting example of what may be done by 
industrial air conditioning in the control of color, texture and flavor. In 
the processing of tobacco, the first three classifications of industrial air 
conditioning are involved, and only through dose atmospheric control 
can the best quality of the leaf be developed. 

CONTROL OF RATE OF CRYSTALLIZATION 

The rate of cooling of a saturated solution determines the size of the 
crystals formed. Both temperature and relative humidity are of im- 
portance, as the one controls the rate of cooling, while the other, through 
evaporation, changes the density of the solution. 

In the coating kettles for pills, gum and nuts a heavy sugar solution is 
added to the tumbling mass. As the water evaporates, each separate 
piece is covered with crystals of sugar. A smooth, opaque coating is 
only accomplished by blowing into die kettle the proper amount of air 
at the right temperature and rdative humidity. If the cooling and drying 
is too slow, the coating will be rough and semi-translucent, ^d the 
appearance unsightly; if too fast, the coating will chip thru to the interior. 
Only by balancing temperatiire, relative humidity, and volume of air to 
the sugar solution can the proper rate be obtained and a perfect coating 
assured. 

The forgoing is presented as typical of a few of the problems met with 
in industrial air conditioning. They are far from complete but, with the 
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help of a few of the natural laws, act a» a sti.-nulu? to the initaination 
and assist in solving others 

CONDITIONING AND DRYING 

In general, the exposure of ntateriais to desirable renditions f:r treat- 
ment may be coincidental with ±e martifacture or processing of the 
materials, or they may be treated separately in special €nclosure^. This 
latter treatment may be classified as conditioning or drxdng. Tiie purpose 
of conditioning or drying is usually to establish a desired condition of 
moisture content and to regulate the physical properties of the material. 

When the final moisture content is lower than the initial one, the term 
dr>’ing is appli^. If the final moisture content is to be higher, the process 
is termed conditioning. In the case of some textile products and tobacco, 
for example, drying and conditioning may be combined in one process for 
the dual purpose of remo\’ing undesirable moisture and accurately 
regulating the final moisture content Either conditioning or diying are 
frequently made continuous processes in which the material is conveyed 
through an elongated compartment by suitable means. 

ATMOSPHERIC CONDITIONS REQUIRED 

The most desirable relative humidity during processing depends upon 
the product and the nature of the process. As far as the beha\'ior of the 
material itself and its desired final condition are concerned, each material 
and process represents a different problem. The best relative humidit>' 
may range up to 100 per cent. Similarly the most desirable temperature 
may range between wide limits for different materials and treatments. 
Extremes in either relative humidity or temperature require relatively 
expensive equipment for maintaining these conditions and controlling 
them automatically. Also, in departments where people are working, 
their health, comfort, and productive efficiency must be considered. A 
compromise often is ciesirable. 

It is generally considered that relative humidities below 40 i^r cent 
are on the dry side, conducive to low r^ains, a brittle condition of 
fibrous materiis, prevalence of static electricnty, and a tendency toward 
dbyness of the skin and membranes of human beings. At the other end 
of the scale, humidities above 80 per cent are relatively damp, conducive 
to high r^ains, extreme softness, and pliability. 

Table 2 lists desirable temperatures and humidities for industrial pro- 
cessing. In using tJiis table, care must be taken in qualifying the pnxress. 
In preparing many materials, cx)nditions are not ma int ai n ed constantly, 
but Afferent temperatures and humidities are held for varying lengths of 
time. 

GENERAL REQUIREMENTS 

In general, air conditioning apparatus for industrial purpe^ must be 
capable of absorbing heat from various sources such ^mac h i n ery power, 
electric lights, people, sunl^fht and chemical reaction;^ of warming or 
cooling to any desired degree, and of giving or permitting ample air 
supply at all times. Refrigeration may or may not be required, depending 
upon natural conditions, the required relative humidity and the maximum 
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Table 2 Desirable Temperatures and Hl’midities for Industrial Processing 


iT^DrSTBT 

Fbocess 

Temperatcsb 

Dbobess 

PAHBENHErr 

Rxiativi 
H nnDHT 
Peb Cbst 

Automobile 

Assembly 

60 

40 




Cfllrp icing- 

70 

50 


Cake mt-sring _ 


65 


Dough fermentation room 

so 

76 to 80 


Loaf cooling 

70 

60 to 70 

Baking. 

Make-up room 

75 to 80 

55 to 70 

Miving room _ 

75 to 80 

55 to 70 

55 


Paraffin paper ■wmppiog 

80 


Proof boxes 

Storage of flour 

Storage of yeast 

SO to 90 

70 to 80 

28 to 40 

so to 95 
60 

60 to 75 



Biological 

V’^icclnes V---- - ■ — - -- 

belovr 32 


Products 

Anritoyins .r . 

38 to 42 





Brewing 

Fermentation in vat room.. 

44 to 50 

60 


60 

30 to 45 



Ceramic. 

Dr 5 dng of auger machine brick 

Drying of refractory shapes.— 

180 to 200 
110 to 150 
80 

50 to 60 

60 


Storage of clay 

60 

35 





General storage 

60 to 80 

36 to 50 




Chewing gum rolling _ 

76 

50 


Chewing g^m wrapping 

70 

45 


Chocolate c^^vering ___• 

62 to 65 

50 to 55 

Confectionery . 

Hard candy making , - - - 

70 to 80 

30 to 50 

Packing - 

65 

50 


Starch room 

Storage — . .......... . 

75 to 85 

60 to 68 

50 

50 to 65 



Distillery 

General manufacture r. - -t 

60 

45 

Storage of grama 

60 

30 to 45 



Hr nr: 

Storage of powders and tablets 

70 to 80 

30 to 35 




Insulation wnnding 

104 

5 

Electrical 

Manufacture of cotton covered wire 

ManuI**Ctur^ of f^lectri«*l winHinga __ 

60 to 80 

60 to 80 

60 to 70 
35 to 50 


Storage of electrical goods 

60 to 80 

35 to 50 




Butter making 

60 

60 


Dairy chill room . ___ __ 

40 

60 


Preparation of cerenla __ 

60 to 70 

38 


Preparation of macaroni 

70 to 80 

38 


Ripening of meata __ . _ 

40 

80 

TTnnn 

Slicing of bacoTi 

60 

45 


Sf'^r^ige of apples _ 

31 to 34 

75 to 85 


Storage of citni* fruit. _ „ 

32 

80 


Storage of eggs in shell 

30 

80 


Stooge of meata. _ __ .. 

Oto 10 

50 


Storage of aiigar . _ . 

80 

35 




Fttr 

Drying of fiira __ I 

110 

28 to 40 


Storage of fnra - ----- 

25 to 40 
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?z:cic5I5 


■ 

m 

l\2U3TEr 


Ti f-KOAT-ra 
LlC’XIs 
F i;i::a^as*T 

r.ZULTn'X 
HrauiTT 
Pn ' SWT 

Incubators 

Chicken - . 

to 2' -2 

53 to 75 

L.\boratory 

General anoint cal an-l p-njsXiii 

Storage o: materials .. 

K ' to 7 ' 
to 7^- 

t to 7 J 
tc 5''’ 

Le.\ther-. 

Drv :ngoi ‘':>.;es 

9-J 





Library 

6oo«v storage seea*scL=is O'" ." t/*:sc} apte^ 

bj to 7<< 

to 3'J 


Linoleum _ 

: Printing - 

SU 

4.* 

I\L\tches 

Manufacturing 

1 Storai^e of matrres _ .. . 

72 to 74 

5<'» 


62 





Munitions 

! Fuse loading 


55 



Paint 

1 ' 

1 Air dr>nng lacquers 

1 Ralrtngr ]Arqii<»r« 

70 to 

ISO to 300 

25 to 50 


i Air drjnng of oil paints - 

60 to 90 

25 to 50 




Binding, cutting, drj'ing. folding gluir*g . 60 to >0 25 to 50 

Storage of paper 60 to SO 35 to 45 


Photographic..- 


Printing- 


Rubber.. 


Soap.... 


Textile 


Tobacco.. 


Development of film - 

Printmg- - - — 

Cutting ' 

7U to 75 , 
75 to >0 

70 

72 1 

CO 

50 

70 

65 



Binding- 

70 

45 

Folding - 

77 

65 

Pressroom ^general) - - 

Pressroom lithographic - ' 

Storage of rollers 

75 

60 to 75 ' 
»>0 to SO ' 

60to7S 

20 to 60 
35 to 45 


Manufacturing 

Dipping of surgical rubber articles 

St^dard laboratory tests. • 

90 

75 to SO 
SOtoSl , 

25 to 30 
42 to 48 


Drjnng _ . I 

110 1 

70 



Cotton — rerd*ug - ^ , 

75 to so 

50 

r-omhingr „ 

75 to SO 

1 60 to 65 

rovinpr . 

75 to SO 

, 50 to 60 

. • j 

Spinning. 

i;wPi»v?n£r _ ^ i 

OOtoSO 

6S to 75 

1 60 to 70 
70 to SO 

Rayon — spinning -. * 

70 

S5 

twisting __ __ _ “ - j 

70 

65 

flrf^inor ____ _ i 

75 to SO 

; 60 to 65 

spinning , .. ' 

75 to SO 

65 to 70 

throwing , r i 

75to<^n 

< 65 to 70 

WAAVingr ___ 

75 to SO 

1 60 to 70 

Wool — carding - j 

spinning. — 1 

wMvingr __ _ - - j 

75 to SO 
75 to SO 
75 to SO 

, 65 to 70 

1 55 to 60 
50to55 




Cigar and cigarette making.. 
“ ftening. 


Stemming or stripping 


70 to 75 
90 

75toS5 


55 to 65 
So 
70 














American Society of Heating and Ventilating Engineers Guide, 1937 


permissible temperature. Washing, purifying and recirculating of the air 
may be desirable. Good distribution is essential to the control of air 
motion and for the prevention of undesirable conditions. Accurate, 
sensitive and reliable automatic control of humidity or temperature, or 
both, is vital in most cases. 

Ordinarily, outside weather conditions and the ventilation required for 
workers are of secondary importance in relation to the total work to be 
done by the air conditioning system. In extreme cases of high concentra- 
tion of industrial heat from machinery and ovens the error of entirely 
omitting the heat gain through the building structure would not be 
serious. At the other extreme, where low temperatures must be produced 
with refrigeration and where comparatively little power is used for driving 
the machinery, the heat gain through the building structure will become 
the major factor in determining the size of equipment and in this case the 
ventilation requirement assumes a normal degree of importance. 

Buildings which are to be air conditioned should therefore be designed 
with careful consideration of over-all cost and efficiency.^ Condensation 
resulting from high humidities must be prevented by suitable materials 
and construction, or else collected and drained to prevent lo^ of product 
or quick deterioration of the structure. Air leakage or filtration may add 
greatly to operating costs or make the maintenance of low humidities 
(relative or absolute) wholly impossible. Low temperatures require good 
insulation. 

In the general application of industrial air conditioning, the conditions 
to be maintained are governed almost entirely by the requirements of the 
product. If any consideration is to be ^ven to the comfort and, there- 
fore, the efficiency of the occupants, it is secondary. In a great many 
cases, the requirements of the product must necessarily govern, for the 
physical properties of the material are more important for maximum 
production than the efficiency of the worker. There are, however, many 
cases where the worker can and should be given equal consideration and 
better overall results may be obtained by a proper compromise. 

AIR CONDITIONING OF UBRABIES^ 

Temperature has little effect on the preservation of books, A tempera- 
ture over 100 F, combined with low relative humidity, may cause the book 
materials to become brittle, while a temperature much below freezing may 
cause permanent deterioration of the glue in the binding. The relative 
humidity should be maintained between 40 and 70 per cent, although 
these limits need not hold for short periods of time. If the relative 
humidity gets much below 40 per cent, first the glue and then the paper 
will tend to become brittle which will not cause any permanent damage 
imless the book is used while in ^s condition, as a subsequent increase 
in humidity will bring the materials back to their normal condition. If 
the rdative humidity gets above 80 per cent, the growth of mildew may 
be expected. 

One of the principal agents of destruction and deterioration of paper 


^U. S Bureau of Standards BuUettn No, 128 entitled A Survey of Storage Conditioiu in Libranes, by 
Kimberly and Hicks 
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and bocks in libraries is sulphur d:o\*de zis in the rlr. If air ccntaining 
sulphur dioxide is allotved tc ccnr.e in c-ntact 7 ’lth tellulrse. the principal 
constituent of paper, sulphuric acid is fcrnted cn the surface. This acid 
is not volatile at crdinar^r temperatures and therefore accumulates 
throughout the life of the paper. The cestructi" e e.*ect 'jf the acid cn the 
paper is independent of the relatne humidin’ c: the surrounding air. 
Low alkaline concentration spray water may be used In an air washer to 
neutralize the acid conditicn. Such an air washer must be especially 
constructed to resist corrosion. 


GREENHOUSES 

Table 3 lists customaiy’ dr\--bulb temperature ranges for dififerent 
types of plants and flowers raised in greenhouses. 

Table 3. Customary Temperatures for Differekt T\pes of Greenhcuses^ 


Ttpe Of Horsi 


lEVIPHr^TT 

T'n: ::’E'-r22 

Dzo r 


TsafXSATTXB 

Xavgi. 


Carnation — 55 to 65 

Consen’atory (general collection > 65 to 70 

CooL- 50 to 60 

Cucumber 65 to 70 

Fern, Common GO to 65 

Fern, Tropical 65 to 75 

Forcing 60 to 70 

General purpose 60 to 70 

Lettuce. 55 to 65 

Orchid, warm 65 to 75 


Orchid, cool 50 to 0* f 

Palm, warm Co to 75 

1 Palm, ccol 55 to o5 

' Propagating.. 55 to 60 

Propagating, Bottom heat.. .i 70 to 75 

I Rose 65 to 70 

' Sneet pea ' 50 to 60 

<1 Tomato... - 65 to 70 

i Tropical ' 65 to 75 

! Violet i 45 to 55 


•Lower values may be considered approximate n'ght tempeiatures and higher values approximate day 
temperatures 


PROBLEMS IN PRACIICE 


1 • Why is air conditioning required for some industrial processes? 

To control the physical properties of the materials being processed. 

Example. In the manufacture of chewing gum, it is rolled into slabs and scored. _ The 
scored slab must then be broken at the score marks to form the sticks. If the slab is too 
warm, br^i^g is impossible, if the slab is too cold or too dry, it becomes brittle and 
diatters, thereby producing much material to be reworked. 

2 • 'Why is it necessary to control the physical properties of the material being 
processed? 

To permit permanent adjustment of machinery'. 

Example. In the manufacture of cip:arettes, the amount of tobacco M upon the paper 
tape is determmed by pressure against springs \\Ti«i the tobacco is over-moist and, 
therefore, over-soft, a great excess wiU go into the finished dgamtte; when the tobacco is 
too dry and, therefore, harsh, too little goes into the finished rigarette. 

3 # A condition of 75 F dry-bulb temperature and 55 per cent relatrre hninidity 
is being maintained in a cigarette manufacturing department* What will be 
the regain and moisture content of the tobeooo? 


The regain, from Table 1 = 17.75 per cent. 

17 75 X 100 

The moisture content « loo + 17l75 “ ^ 
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4 • A 1-lb sample taken from a lOO-lb batch of material is found to have a bone 
dry weight of 0.89 lb. This material is to be processed under atmospheric 
conditions which should produce a regain of 15 per cent. Compute the Ob^hed 
weight for each original 100-lb batch. 

Let W equal the number of pounds of moisture in a finished batch 
gg = regain =15 per cent = 

W = 13.35 

89 + 13.35 = 102 35 lb finished weight 

5 • A bundle of sea island cotton is found to have a bone dry weight of 9.26 lb. 
What is the proper relative humidity at 75 F to produce a weight of 10 lb at 
equilibrium? 

Desired conditioned weight = 10 00 lb 
Bone dry "height = 9 20 lb 

Weight of moisture required = 0 74 Ib 
0 74 

R^in = X 100 =» 7 9 per cent 
From Table 1, the proper relative humidity required is 60 per cent. 


6 • Compute the bone dry weight of 1000 lb of manila rope which has been 
stored for a considerable period of time in a conditioned room at 75 F dry-bulb 
temperature and 50 per cent relative humidity. 

Assuming that this material has come to equilibrium under the atmospheric conditions 

given, Table 1 shows a regain of 8 5 per cent 

Let W equal the total weight of moisture in pounds. 

1000 — PF = bone dry weight in pounds 


W 

1000 - W 


— r^ain =*8.5 per cent 


§1 

100 


W = 78.3 lb moisture 


1000 — 78 3 = 921 7 lb bone dry weight 


7 • An egg evaporating plant wishes to dry 2000 lb of egg whites (85 per cent 
water) to crystsdline form each 24 hours. The maximum permissible air de- 
livery temperature in the dryer is 140 F. What air volume will be required, 
assuming that outside air is at 95 F dry-bulb and 78 F wet-bulb and that air 
leaves the dryer 70 per cent saturated? 

Moisture to be removed = 2000 X 0 85 = 1700 lb. Using psychrometric chart and 
starting at the intersection of the vertical 95 F (^-bulb temperature line and the 46 per 
cent humidity line, move honzontally to the right to the intersection with the 140 F 
vertical temperature line at 13 per cent relative humidity; then move along the constant 
heat (or wet-bulb line) to its intersection with the 70 per cent relative humidity curve 
and read 97 5 F dry-bulb, which will be the temperature of the air leaving the diyer. 

Moisture per cubic foot at 97 5 F and 70 per cent relative humidity =* 13 2 grains 

Moisture per cubic foot at 95 F and 78 F wet-bulb * 8 3 grains 


Moisture added per cubic foot of air handled 


1700 X 7000 
24 X 60 X 4.9 


= 1685 cfm 


4 9 grains 


No allowance is made for heat lost in the transmission to and from the dryer or for the 
heat required to raise the product from its entering temperature to that maintained in the 
dryer. This would necessitate a trial and error solution common to all drying problems 
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DRYING SYSTEMS 

Drying Method^ Driers, Mechanism of Drying, Moisture, General 
Rules for Drying, Equipment, Humidity Chart, Combustion, 
Design, Estimating Methods 

D rying, in its broader sense, refers to the removal of water, or other 
volatile liquid from either a gaseous, liquid, or solid material. In 
practice, the process of direct drjdng gaseous material is referred to 
generally as dehumidifying, or condensing, and in some cases chemicals 
are used in the adsorption or absorption of moisture. Diying a liquid is 
called evaporation or distillation. The common usage of the word drying 
refers to the removal of water or other liquid, such as a solvent, by evapo- 
ration from a solid material. 

When the solid to be dried contains large amounts of free water, the 
actual drj’ing process is frequently preceded by the remoral of part of the 
water by some mechanical means, such as filtration, settling, pressing or 
centrifuging. Removal of as much water as possible by such methods is 
usually ad\nsable, as the cost of these operations, per pound of water 
removed, is generally much less than by evaporation, 

DRYING METHODS 

Drying may be accomplished in any one or combination of the following 
methods; 

1. Radiation 

2. Conduction, or direct contact 

3. Convection 

Radiation 

The source of heat for radiation may be either the sun, or heated 
surfaces. Sun dr3dng is practiced where danger from rain is slight, and 
where sufficient time can be allowed. Where a strict adherence to a 
schedule is necessary, or where dusty atmosphere is present, this method 
is not in favor. Fruits are often dried in the sun. 

Radiation from hot surfaces (heated by steam, electricitj', or other 
means) furnishes generally, from one-third to one-half the total heat 
required for evaporation. Convection currents set up by these hot 
surfaces and the cooler materials carry the balance of the heat. 
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Table 1. Driers for Evaporation of Water 
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Conduction or Direct Contact Drying 

This method of d’^dnc is ad’anzict;' can be 

flowed on to the dr\'in^ surface and the 'idea mi'^erla' -craped or 
where the material to be dried can ’“e hard'cd in a shi-et. and where 
there is no danger of subjecting the product to the full temperature rf tne 
heating medium. The source of heat fn- this n:tth'd nrji’" he steam, 
electricity, hot oi! or hot water. 

Convection 

The^ circulation of heated air or other gases about the material to be 
dried is generally termed convection diydng. The con\ecti:>n may be 
either natural or forced. With forced circulation, the temperature of the 



Fig. 1. Relation Between Useful 
AND Total Heat Supplied 


Fig. 2. Rate of Drying of 
Whiting Slab 


dryer is more uniform and the rate of drying is much higher than wdth 
natural circulation. Where humidity is used, the control is much easier, 
and more accurate. 

The source of heat for a convection diyer may be steam, electricity, 
hot water, oil fired heater, gas fired heater, or coal furnace. Where either 
oil, gas or coal is used, the type of heater may be direct or indirect; f.p., 
the products of combustion may be used (direct), or the circulated air 
may be heated through an interchanger (indirect). 

Where the direct type is used, there is naturally a higher thermal 
efficiency, but it can only be used where the odor, soot, or the chemical 
elements of the products of combustion do not affect the material being 
dried. When heat economy is an important consideration this method 
(Fig. 1) may be used, permitting a small amount of air to be circulated, if 
a sacrifice of accurate control of temperature and humidity can be 
justified. 

DBIESS 

The term adiabatic drier is applied to a drier in which all the heat is 
supplied by air externally heat^. The temperature of the air in the 
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drier decreases as a transfer of heat to the material being dried takes place. 
Where part or all of the heat is supplied by steam coils or other means, 
within the drier itself, the drier is known as a constant temperature drier. 
Driers using little air for heating medium with a high temperature drop, 
are difficult to hold at uniform temperatures; the more air used, the easier 
it is to secure accurate control of temperature and humidity. Driers may 
be classified as shown in Table 1. 

MECHANISM OF DRYING 

The modern theory of drying may be summed up as follows- Assuming 
uniform velocity and distribution of air at a constant temperature and 
humidity over the surface to be dried, the drying cycle will be divided into 
two distinct stages: 

1. Constant rate penod 

2. Falling rate penod. 

The constant rate period occurs while the material being dried is still 
very wet, and continues as long as the water in the material comes to the 
surface so rapidly that the surface remains thoroughly wet, and evapora- 
tion proceeds at a constant rate, precisely as from a free water surface. 
The material assumes a temperature corresponding to the wet-bulb 
temperature of the surrounding air, or slightly higher, due to radiation 
and conduction from dry surfaces adjoining the material The constant 
rate period continues until a time when the moisture no longer comes to 
the surface as fast as It is evaporated. This point is called the critical 
moisture content. 

As the drying proceeds, a period of uniform falling rate is entered. 
During this period, the surface of the material is gradually drying out, and 
the rate of drying falls as the remaining wet surface decreases in area. 
This period is also known as unsaturated surface drying. 

As drying continues, the surface is completely dry and the water from 
the interior evaporates and comes through the surface as vapor. As the 
plane of water recedes, the diffusion of the vapor becomes more difficult 
and hence the period is known as varying falling rate period^ or subsurface 
drying. 

As drying progresses another point called equilibrium moisture content 
is reached, where the vapor pressure of the moisture in the air and the 
vapor pressure of the moisture in the material are equal, and drying 
ceases. The drying of a slab of whiting is shown in Fig. 2 and illustrates 
the principles pointed out above. The factors affecting the variations of 
drying rates during the above periods are pointed out in Table 2. 

Omissions in the Cycle 

Many solids, such as lumber, are so dry at the beginning of the drying 
operation that the constant rate penod of free surface evaporation does 
not occur. Frequently the surface of the material is dry enough so that 
no surface drying can take place, in which case only the final stage of sub- 
surface drying is involved. In other instances, the critical moisture con- 
tent of a wet solid is sufficiently low that sub-surface drying starts almost 
immediately after the conclusion of the constant rate period. Thus the 
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intermediate state of ursatu-atc-I surface d'"!",- d- c-s n.t :jr the 
drj’ing is of the sab-s^-face v pe dunr.r ’■be \vh .ie of the 

falling rate period. With rpthe-’k.nds < f material thin sheets, 

such as newsprint paper, sa". '-surface dr%-i-.,r .ma:. < -car at su.h a ’'jw 
moisture content that it is ■niat encountered in .cmme-;!,!’ wirk. the 



Tabl^. 2 FilCt.-'cs I\rL* “N 

1 - 

FArxoR 

?i.p 

■ :: 


Cdnatact Rate » 


Temperature 

Increase in tempeMt-re ncreases 
diTvin^ rate 

Increase te^-tcr^at-re in- 
creases dr\ r-te : e'-anse 

lecrea^e- %’sc-5.t 
‘us bi increafes 

Humidity 

Diyin;? rate increases as 

1 IS decreased 

X-j erfect -it e',« ''bnaii : j 1 - 
tert ’s rfi*c"e:* iis *^ei 

ce-ses 

Air Velcx:ity 

. Drying rate \aries approx* n:ate>» as 
the 0 6 power of the \e!ac:ty 

Xo e^ect 

Air direction 

j Drying rate i^icreases the ircre 

1 nearly the air blows pernen iicu'ar 

1 to surface, for dead air nlm becomes 
! thinner 

Xo effect 

Thickness of 
Material 

j Drying rate is not affected by the 

, thickness 

1 

Diying rate \anes m\erseiy as 
the square the thic'cness 


falling rate period being confined solely in practice, to unsaturated surface 
drying. 

MOISTURE 

Moisture in the solid may be in either of two forms: 

1. Capillary or free 

2 Hygroscopic or chemically combined 

Free moisture is contained in the capillaiy spaces between the particles 
or fibers of the materials. The loss of this moisture changes only the 
weight of the material. Chemically combined or hygroscopic moisture is 
intimately associated tidth the physical nature of the material and its 
removal changes both the physical characteristics as •well as the chemical 
properties. The amount of hygroscopic moisture a material can contain 
is limited. This limit is called the saturation point. When material 
is dried below this point, care must be exercised to avoid physical change 
in the material, such as shrink^e, hardening, etc. All hygroscopic 
materials have definite equilibrium moisture contents dependent on 
temperature and humidity. Materials are frequently dried to a lower 
moisture content than tibose of equilibrium conditions in use, and allowed 
to regain the necessary’ moisture after leaving the drier to equalize the 
moisture in the material. Fig. 3‘ shows the equilibrium moisture content 
of wood. 


*U S Department of Agnculture Bulletin No. 1136 
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GENERAL RULES FOR DRYING 

Temperature 

The highest temperature possible should be used because of faster 
drying and smaller requirements for ventilation. The amount of moisture 
that can be carried by a pound of air increases rapidly with rise in tem- 
perature as shown in the humidity chart of Fig. 4. Too high a tempera- 
ture may cause spoilage of materials; many materials calcine or change 
their chemical properties if heated too hot; g>psum and glauber salts lose 
some of the chemically combined water, fall apart, and change their 
chemical properties. Too high or rapid rise in temperatures in drying 
lumber or ceramics may create a liquid vapor tension within the materigj 
so high that the cells explode, causing permanent injury to the fiber. If 
too high a temperature is used on some chemicals, they begin to react 



RELATIVE HUMIDITY IN ATMOSPHERE, PER CENT 
Fig. 3. Relation of Equilibrium Moisture Content in Wood 
TO THE Relative HuMmiTY of Surrounding Air 

exothermally; a temperature rise and chemical action from within will 
bum the materials, e.g,, bakelite products, gunpowder, etc. During the 
constant rate period of drying, the materisJ heats only to the wet-bulb 
temperature of the surrounding air, consequently high temperatures will 
not injure the material in this stage. 

Humidity 

Moisture in the drying air may be very important. Many materials 
tend to case-harden, dry on the outside, forming a skin which retards the 
moisture flow from Ae inside to the surface, or stops it completely, and so 
increases the drying time very much or causes a change of the physical 
properties of the material. It is often necessary to add humidity to the 
air in the initial stage of drying. Lumber case-hardens, cracks, and 
warps if the outside is dried too fast. Ceramics crack if not heated through 
before drying commences. Elastic materials w^ while others crack if 
not evenly dried. Many paints case-harden if not dried under high 
humidity. 

On the other hand, in the case of those materials whose physical or 
chemical properties require that they be dried at relatively low tem- 
peratures high humidity tends to retard drying in the first stage and may 
even stop it altogether in the final stage, ^^ere drying temperatures 
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below 120 to 140 F are i th“ dn. inc r^te na** ' e hiw“lv 
atmospheric humidity Loncit^uns In ?nch :n«tan:t*s :t is ''ft?n de 5 :"c**Dle 
to dehumidify the air entenr;; the dr.er djrirc ped^'ds d hiah BlZtzls- 
phene humidity; where a h:^h dec’*ee ' f uni:crn:it> is rec/jirei it is ifter 
possible to secure complete independence cf atirr spheric a "^dition** by 
recirculating the air in a closed system which includes a suitable dehu- 
midifier. For this purpose absr^rptne dehumidifying system* have the 
advantage of accomplishing the desired reducti'n of humidity 'without 
appreciably elevating or lowering the dry-bulb temperature of the air: 
for this reason after-cooling is not required, and reheating is reduced to a 
minimum. Complete descriptions of such dehumidihing svstems are 
given in Chapter 11 on Cooling Methods. 

Air Circulailoii 

As noted under Mechanism of Diydng. air velocity is more important 
in the first two stages of diydng than m the last, and for this reason zone 
dr>dng in continuous driers is frequently considered. It permits accurate 
regulation of temperature, humidity, and velocity in the different zones. 
High velocity results in more rapid drying, more even distribution of 
temperature and consequently more even drying in the first period. Too 
high a velocity may be detrimental because of excessive power needed for 
creating it, or because the material may blow aw'ay if it is light and fluffy. 
In the drying of paints, varnishes, and enamels, high velocity or improper 
distribution of the air even with the use of filters, may cause dust already 
in the drier, to be blown against the material, ruining the finish. Table 3 
presents data on drying of various materials. 

EQUIPMENT FOR DRYING 

Equipment for drying may be dmded into the following classes; 

1. Heat and humidity supply 

2. Methods of handlmg. 

3. Ovens. 

The heat and humidity supply for low temperature work up to 250 F 
is often steam; steam coils either in the oven or outside, heat the air used 
for drying. Circulation of heated oil is used to a limited extent, but the 
danger of leaks is serious, for if the oil is hotter than the flash point, a 
fire may start if the oil is released to the atmosphere. In many cases where 
steam is not available, direct or indirect fired heaters are used with gas or 
oil as fuel. Indirect heaters should be carefully selected from a standpoint 
of long life and efficiency. The heat exchange surface should be adequate 
in area and easily accessible for cleaning and removal. For extremely 
high temperatures, alloy surface may be used. With direct fired equip- 
ment care must be used in the selection of burners and sufficient com- 
bustion space allowed to insure complete combustion of fuel. Humidity" 
can be obtained in driers by the use of steam spray, humidifiers, or 
recirculation. 

Methods of handling of material have been indicated in Table 1. 

For low temperature work up to 200 F ovens and driers are commonly 
built of two thicknesses of insulating board (fireproof preferred), with air 
space between. As the temperature increases materials better able to 
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withstand the heat must be used. Me^al Mn:-d //ens are tasv to keep 
clean, and many high Temperature drier? up to F are made vi metal 
panels with insulation between. Care should he t iken tt avid >z^Tdiik 
metal (metal extending through the oven f-om inside t:> out . Batch ttpe 
ovens are entirely closed whiie in use and control of air leakage is tak’y 
taken care of. In the continuous drier where the ends are open, heat and 
air leakage become important. Warm air leaking cut of the ends of 
ovens means a heat loss, and often the temperature and humidity outside 
the oven becomes unbearable. For this reason, inclined or bottom entr\’ 
ovens are used, as the warm air leakage can be more easilv controlled. 
See Figs. 5 and 6. 



HUMIDITY CHAET FOR DRYING WORK 


In drying problems the chemical engineer uses different psychrometric 
values than those used by the heating, ventilating and air conditioning 
engineer. The humidity chart illustrated in Fig. 4 is based upon values 
determined from the following explanations: 

Humidity {H) is the number of pounds of water vapor carried by one 
pound of dry air. 

Percentage Humidity (%H) is the number of pounds of w'ater vapor 
carried by one pound of dry air at a definite temperature, divided by the 
number of pounds of vapor that one pound of dr>^ air would carry if it 
were completely saturate at the same temperature. 

Percent Relative Humidity ($) is the ratio of weight of water vapor 
contained in any given volume of air, to the weight of water vapor present 
in the same volume of saturated air, all values referring to the same 
temperature. 

To convert from one relation to the other, 


where 
Ps = 


%JS 


2992 - Ps 
29.92 - p 


X 4> 


( 1 ) 


vapor pressure of water, inches mercury; at dry-bulb temperature, degrees 
Famrenheit. 


p ^ ^ps. 


COMBUSTION 


Where products of combustion are used directly in the oven, a Imow- 
ledge of their formation and heat values is important. The properties of 
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Table 3. Drying Time and Conditions for Representative Materials^ 


Ma.TESKUlL 

1 1 . 

i Temperattpb ■ 
1 Deg F 

1 

PebCent 

Rblatitb 

Huuinirr 

Dpma 

Time 

Apples. 



140-180 

200 


6Hrs 

2.5 Hrs 


, 

140 

. 4-6 nrs 


i 

300 

) 15 Min 



140 


18 ilrs 



1 

150-190 


40 Min 


120 



325 


12 Min 

Brsike Lining 

350 to 90 


24 Hrs 


1100 


108 Mm 


150 


4 5 Hrs 

Cabbage - 

Pssssi — 

165 


2 Hrs 

Casein 



180 

110-160 

70 to 20 

5 Hrs 

24 Hrs 


150 

Chicle 



95-100 


10 Hrs 

4r^ Hrs 

24 Hrs 

2 Hrs 




170-210 



160-200 



160-180 



400 Max 


V^UllUUJLU 

Cores, Oil sand for molding. yr 

Black sand with goulic binder. 

— 1 in thick 
f 3 in thick 
8 m thick 
[l6 m thick 

IR^ 

300 

480 

480 

700 

525-600 


30 Mm 

2.5 Hrs 

4 5 Hrs 

10 Hrs 



2-3 Hrs 

cores, ^..rauK. ca»c 

Cores, Radiator (in continuous ovens)... 

275-450 

150 


1 5 Hrs 

2 Hrs 

COrusXiaiK poaru.....— — 

180 



COtCOll LlUtCi » 



2 Hrs + 

x:<nauicxci 


225 



290-425 


Air Dry 
IHr 

ice boxes an lucuai 

225 


3 Hrs 

Ice boxes wooq insiae ^wnitcy — — 



IHr 

ii«namei uol syntneiic.^.. — - — — 

200 

40-50 

r6nc6 pusta gilXJ.1— — — — 

90-95 

18-36 Hrs 

LtOII DcLlls — — — — — ^ 

450 


1 Hr 


225-300 


30-350 Min 


250 


1 5 Hrs 


150-180 


20-30 Min 

r earners — y.~— * 

85-110 


rilms, rnotograpmc. 

140 


2-6 


no 



r urs.- — — — - — — - — — — — * 

no 


6-9 Days 


70-90 


Glue bone, tnin sneets on wire trayo. 

70-90 


2 Days 

4 Hrs 


130 


_ 

150 


60 Min 

8—16 Hrs 

— — — -- — — 

Gypsum board in thick 



/ Start Wet 
Finish 

350 

275 

350 to 19C 

\ 

O’ypsuJLu — — — 

Uo^t- fttl-h 

180-200 


IHr 

2 Hrs 


150-190 


nair guouo — 

120 


fiki-i- 

140-180 


2-4 Hrs 


90 


rliaes tniii leaLiiei— — - — — " 

Hides heavy. 

70-90 


4-6 Days 


aSee references at end of chapter. 
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Hops 

Ink pnntmg. 

Japan beds 

Japan cash register 

Japan metal shehing 

Knitted fabncs 

Leather mulling 

Leather thick sole 

Leather uppers 

Linoleum varnish 

Lithographing on tin color work. 

Lithographing on tin Japan 

Lumber green hardwood 

Lumber green soft viood 

Macaroni 

Matches 

^latrix. 

Milk and other liquid foods spray dned 

Millboard sheets 

Moulds green sand C I flasks Tone ' S in 

surface only exposed) 13 in 

Motors, field coils 

Motors, stators 

Noodles- 

Nuts 

Oil cloth - 

Paint, wood wheels - 

Paint, on sh^t metal 

Paper, machine dried 

Paper, air dried - 

Paper wall, ground coat 

Paper wall, varnished 

Paper cardboard, spirit varnish 

Peaches. 

Pears 

Peas. - 

Potatoes sliced— — 

Potatoes steamed — 

Prunes.-- 

Rags - 

^mie fiber — — 

Rock wool insulation - 

Rubber. 

Rubber reclaimed — - 

Rugs 

Salt 

Sand loose 1 in deep 

Sausage casings - 

Shade cloth 

Shirta - 

Soap 

Starch 

Stock feed mixed — - 

Storage battery plates 



-TI’ H 



.. ___ 









-i' 7 

‘ 





3>j 


: .>2 Hr.* 



1 5 Hrs 



50 M:n 


1 

S5 



70 

i ZU' s 



2-3 Djt^s 

i:r!-i4o 

10-30 

^i-10 Hrs 

25M-270 


18-25 Mm 

350 

20 o-;so 


3-1^1 Da'*s 

1W>-22»J 


2-14 Da*.-s 

90-110 


7 5-S Hrs 

140-iSO 

350 


15 Min 

13^300 


Instantaneous 

95 


10 Hrs 

600 


6 Hrs 

700 


13 Hrs 

ISO 


6 Hrs 

250 


6.5 Hrs 

90-95 

75-140 


24 Hrs 

150 

150 

35 

&-24 Hrs 

350-140 

22-30 

2.5 Hrs 

ISO 1 

90-200 

140 

, 

3 Mm 

140-160 

1 45 

15 Mm 

150 

1 

1-2 Min 

135 

1 

26 Hrs 

140 

1 

1 

24 Hrs 

150 

; 

6Hre 

85 

1 

4 Hrs 

170 


6.5 Hts 

140 

180 

140 


10 Hrs 

150 

300 

I 

8 Hrs 

85-90 

‘ 

&-12 Hrs 

140-200 

\ 

1-2 Hrs 

190 

1 

4-8 Hrs 

350 

1 

Rotary Drier 

300 


10-15 Mm 

no 

i 

5 Hrs 

240 


1-2 Hrs 

120 


20 Min 

100-125 


12-72 Hrs 

180-200 

1 

1-4 Hrs 

180-220 

i 

1 _ 

20-30 Min 


100-110 ; 90 for ; 24 Hra 
250 Low for* 6 Hrs 
150-200 ' I 20-30 Min 


aSee references at end of chapter. 
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Tanin anc other chemicals spray -dnei 
Terra Cctta - a.r drying in conditioned room . 

Tobacco leaves . ’ ' 

Tobacco stems. 

Varnish refrigerator boxes . 

Varnish steenng hee.s 

Veneer *4 in 3-pi> 


1?16 in. 5-plj 

1;4 in. 5-ply. - 


\ltreons Enamel sheets before firing — 

Wallboard pasted plj-wood 

Wallboard fiber insulating, roller type dner.. 
Wallboard fiber insulating, truck t>*pe dner . 

Walnuts - 

\Mieat, com, oats, nee, barley 

Wire cloth Japan — 

Woo! - 


TzsirraATnE 
Dns F 

PeeCiot 

RZLiTITI 

HrHorrr 

Dstotg 

TniE 

250-300 


Instantaneous 

150-200 


12-96 Hrs 

S5-130 


12 Hrs 

... lSO-200 


12 Hrs 

110 

35 

5-7 Hrs 

110-140 

2o— 3o 

Overnight 

. 120-130 

35-40 

^8 Hrs -i- 2 
Hrs acclima- 
tion 

.. 120-130 

35-40 1 

16-18 Hrs -h 4 
Hrs acclima- 
tion 

. . 120-130 1 

1 1 

1 35-40 

20-24 Hrs + 4 
Hrs acclima- 

.... 170 

[ 1 

I 1 

tion 

...300 ' 


15-20 Min 

.... 300-385 1 

1 j 

2H-3Hrs 

300-385 1 

1 1 

24-48 Hrs 

100 1 


24 Hrs 

....' 180 1 

1 i 


.... 200 


20 Min 

. ... 105 i 

1 i 



i6ee referecces at ecd cf chapter. 


the common constituents of fuel are shown in Table 4. The heating values 
of oils are shown in Fig- 7- The sensible heat in Btu contained in the 
products of combustion of an average fuel oil and various gases is given 
in Fig, 8. The problem of securing complete combustion in a heater is 
important, in order to secure efficiency and the absence of soot formation, 
but unlike the ordinary power or heating boiler, excess air need not be 
maintained at a minimum in most cases. Excess air is generally admitted 
either in the heater or before the products go into the drier. 


DE^GN 

In all drying problems, data r^arding temperatures, time, and hu- 
midity must be obtained by experiment or previous experience. Experi- 
ments are best performed at the temperatures, humidities, and velocities 
to be actually used in the full sized drier, and with full size samples- 

The following nomenclature and explanation of terms will be used in 
the discusrion of drying calculations: 

H «= humidity of air, pounds of water vapor per pound erf dry air. 

G » pounds of dry air supplied to the drier per unit of time. 

S « pounds erf stock dried per unit of time in a continuous drier. 

5’ » pounds <rf stock diarged per batch to a discontinuous drier 

0 ** time. 

Q n total heat supplied to the drier. 
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t = a:r temperature, 
t' = stock temperature 

= average stoc.v temperature o er sh'rt t r e .nter\ aI r a b-tch ur*er 
= wet-bulb temperature 
s’ = specific heat oi the steel: 

3 = total raciatioa ano cou'JijctieT losses per un.t time, 
e; = pounds of water per pound c: irp stack 
f = heat of e\aporation of water 

s = humid heat of air, : e , heat necessar/ to ri se 1 lu of drv' air — Iz \h of steam 
IF. 

Subsenpt (1 designates conditions at the point -.here the material :n question air 
or stock/ enters and ,2 ' where it lea\es the drier. 

Air driers may be divided into two classes, those in which all moisture 
evaporated from the stock leaves the drier as vapor in the effluent air. and 
those in which part or all of the moisture is condensed from the air in the 
drying equipment itself. In any continuously operating drier of the first 
type the relation between moisture content of the stock and quantit\’ of 
air required for the diydng operation is given by the equation : 

G (Hi ~ Hi'i = 5'tn - vi: ’2: 


Table 4. Gas Combustion Constants* 


Ga8 

i 

1 ^ 
ii ! 

III ll 

J 

CcFt 

raaLe 

C^mSIih ' UaraUorCaavaaLt 

Bta per Lb Heqaired fer C'’niba8+.cai Eie Pradusts 

Grew ] Net Os .Vs Air COi ' Vs 

j 1 1 ^ 

Carbon 

C I 12 000 

. . 1 14.140 : 14.140 2 ^>67 ' S S73 . 11 540 1 3 667 . , _ S 873 

Hydrosen | Bt 

2 015 

187 723! 61,100 

51,643 7 93y 26 414 34 353 , 5 930 26 414 

! 

Oxygen | Os 

32 000 

- ■ ' 1 

11 sigj 

1 

Nitrogen 

-V, 

28 016 

13 443 

- -:-d 

1 1 . 1 . 

Carbon 

Monoxide 

CO 

28 000 

13 506 

. . 

4,369 

4,369 

osn 1 1900 ' 2471' isri ' ' 1900 

Carbon 

Dioxide 

COi 

44 000 

8 518 



- ' . 1 ^ 

Methane 

CHa 

10 031 

23 565j 23.912 

21533 3992 ; 13282 ; 17 274 2 745 “ 2 24Sjl32S2 

Ethane 

CsH* 

30 016 1 12 456j 22^15 

20,312 , 3 728 ■ 12 404 1 16 132 , 2 929 1 799 12 404 

' 1 1 

Propane 

CjHg 

44 062 

1 

S 365< 21,564 

\ . 

19,834 

3631 ! 12 081 ! 15 712 1 2 996 1 1 635 ' 12 051 

' 1 > 

Sulphur 

Dioxide 

50i 


6.770 



- 


Water Vapor 

HiO 

18015 

21 017 




j — j 1 1- - 

Air 

— 

28900 

13 063 

- 



i 

'll* 


■All 838 v6!uaa«8 corrected to 60 F and 30 m. mercory beiometric pxeatnre dry. 
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In discontinuous driers, t .f., compartment driers, the dr\nng operation 
is given by the equation: 

G H,-H, = 5' || f2a: 

In the continuous drier, the heat consumption per unit time is: 

= Gi.'tj - t{ ~G'Ti~ k - J'j 'Hi -Hi ^ 5i'j - i'l- V -f toi) -f 5 '3 

Equation {31 assumes continuity of operation. For charge or batch 
operations, the total time of the drying c>xle may be broken up into a 
number of periods, sufficiently short so that over each period average 



values of /, and II may be employed provided the third term of the 
right hand member of the equation is modified to read: 

S - i^i) ( 5 * - Wi) 

and in the second term be replaced by 

ft + 

2 

Theoretically these periods should be very short and the equation 
int^atrf* Practically the error introduced by using a small number of 
long periods and employing average values of the variables over each, 
rarely introduce serious error. The evaluation of equation (2a) may be 
approximated in a similar manner. 

The first term of the right hand member of equation (3) represents heat 
lost as sensible heat in the effluent air. In many drying operations this 
becomes excessive. Each pound of air supplied should remove the maxi- 
mum amount of moisture. This is best accomplished by bringing the air 



Chapter 41 — Drying Systems 


into contact with the stock with sufficient intimacy so that the air leaving 
the drier is saturated, or nearly so. Counter-current as against parallel 
flow of air and stock gives rise to optimum operating conditions, resuiting 
in a minimum quantity of air required {G}, and a corresponding minimum 
loss, as sensible heat, in the exit air. Similarly, continuous operation is 
superior to intermittent operation. 

Despite the fact that the sensible heat loss increases with the rise 
in temperature of the air, the percentage of heat lost from this source 
decreases, provided the increase in moisture carrying capacity of the air, 


TEMPERATURE. DEfi FAHR 



due to high temperature, is actually utilized. To secure maximum 
thermal efficiency in drjdng, a high drying temperature and high satura- 
tion of the outlet air is imperative. 

Ventilation Phase 

The technique of attack of the ventilation phase of a drying problem is 
best made dear by an illustration. Assume that a material containing 
40 per cent moisture is to be dried until this quantity of moisture is 
reduc^ to 5 per cent by weight. The material will stand an air tempera- 
ture of 150 F and it is possible to provide suffidently good contact 
between the material and the drying air so that the efiluent air can be 
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brought up to 50 per cent humidity at 150 F. The drier is to use room 
air, the temperature and humidity of which may be assumed to average 
70 F and 50 per cent. A counter-current drier will be employed and the 
air in tliis drier will be kept at a substantially constant temperature of 
150 F by heaters thermostatically controlled. The stock enters at 70 F, 
rises quickly to the wet-bulb temperature of the air, with which it is in 



Fig. 9. Temperature-Humidity Relations in a Drier 



Fig. 10, Core Drying Time Temperature Relations 



contact, and is found experimentally to maintain wet-bulb temperature 
until the moisture content has fallen to 20 per cent. From this point its 
temperature rises progressively as it dries. In this range the difference in 
temperature between stock and air, divided by the wet-bulb depression, 
may be assumed proportional to the moisture content. 

The moisture content of the entering stock, in the units here efnployed, 
is: 
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wi — wj = A Ttf = 0.614 lb water evaporated per pound of dry stock. Since the air 
leaving the drier is 50 per cent saturated at 150 F from Fig. 4, iZi « 0 105 Similarly, 
Hi = 0 008, corresponding to 50 per cent humidity at 70 F. Consequently Hj — Hi =» 
A H = 0 097 lb water evaporated per pound dry air. 

Inspection of equation (2) shows that (H) is linear in w. Hence, one 
can construct on Fig. 9, the line marked (fl) being drawn connecting the 
initial and final points just computed. 

Since the air leaving the drier has a temperature of 160 F and a 
humidity of 0.105, Fig. 4 shows that its wet-bulb temperature is 129 F. 
This is plotted at the right hand side of Fig. 9. Since the stock maintains 
a wet-bulb temperature down to 20 per cent moisture, where w = 0.26, 
the corresponding humidity can be computed by the use of equation (2) 
or by reading directly from the diagram, the value being 0.0392. Fig. 4 
shows that the corresponding wet-bulb temperature is 105 F. Any 
intermediate point on the wet-bulb temperature curve can be calculated 
similarly. The points for w = 0.5 are shown in Fig. 9. 

Below the point, w = 0.25, the temperature of the stock begins to rise 
appreciably above the wet-bulb temperature. Its temperature at any 
given point in this range, for example at w = 0.16, may be computed as 
follows: At this point, H = 0.0234 (from equation (2)) and from Fig. 4, 
^ = 95 F. Hence the wet-bulb depression, t — tw — 150 — 95 = 55 F. 
The assumption made regarding the relation between stock temperature 
and moisture content in 9iis range may be formulated: 

A _ w 
t - tw ~ 025 

At the point w == 0.15, A/* = 33 F, = 117 F. The temperature of the 
stock leaving the drier, similarly computed, is 136 F. 

Fig. 9 thus computed gives in graphical form the information as to the 
temperature humidity relationships in the drier. The air requirement 
can be computed by equation (2). Thus, per 100 lb of dry stock, it is 
necessary to supply 633 lb of dry air. Furthermore, since from Fig. 4 
it is seen that the volume of 50 per cent saturated air at 70 F, is 13.55 cu ft 
per pound; 8580 cu ft of room air must be supplied per 100 lb dry stock. 
Similarly, since the volume of 50 per cent saturated air at 150 F is 18.0 
cu ft per pound, the volume of hot wet air discharged from the drier is 
11,400 cu ft per 100 lb of dry stock. Finally, the heat necessary to supply 
to the drier, as a whole, or to any section of it, may be computed from 
equation (3). 

High Tempwature Drier 

In the design of a high temperature drier unit a method of approach 
to the necessary calculations involved are outlined as follows: 

Example 1 Cores 4 and 5 in, thick are to be dned by heating to a temperature at 
400 F. An intermittent type box oven is to be used, size 12 x 14 x 10 ft with 856 sq ft 
surface having an average heat transfer of 0 3 Btu per square foot per degree per hour. 
Drying time as determined by test is 2 hr (Fig. 10) Cores weighing 6 tons, and 15-ton 
steel plates, trucks etc. are delivered to the dner at 70 F. The oven is heated by an 
external heater; the products of combustion and 66% per cent recirculated air will be 
delivered to the oven at 825 F. Fuel oil of 19,980 Btu gross and 18,830 Btu per pound 
net heating value, weighing 6 76 lb per gallon and having 16 Ib product per pound fuel 
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for perfect combustion. Cores consist of 91 per cent sand, 3 per cent oil binder, and 
6 per cent water. 

Solution Heat required per ton of cores 


Lb Material X Temp. Rise X Sp Ht. = Btu 

Sand 0.91 X 2,000 X (400 - 70) X 0 2 = 120,120 

Binder. 0 03 X 2,000 X (400 - 70) X 0 4 = 7,920 

Water heating. 0 06 X 2,000 X (212 - 70) X 1 0 = 17,040 

Water evaporation 0.06 X 2,000 X 970 (Fig. 4) = 116,620 

Water superheating (approx 50 per cent reaches 576 F) 


Total Heat. 271,400 Btu 


Heating Load First Hour 



Ebateuto 

Btu 

Sand 

212 F 

212 F 

212 F 

66 7% 

66 7% 

1A9 

X 120,120 = 51,688 

X 7,920 = 3,408 

= 17,040 

0 667 X 116,520 = 77,680 

0 667 X 9,800 => 6,530 

Bmdftr* . _ 

Water 

Evaporation 

Superheat 



Total Per Toa 156,346 


For 6 ton — 


6 X 156,346 

« 938,076 

Steel plates. 

390 F 

320 X 30,000 X 0 12 

- 1,152,000 

Radiation^ 

422 F Avg. 

352 X 856 X 0.30 

- 90,394 


Total 2,180,470 


Heating Load Second Hour 


Sand. 

400 F 

188 

330 

X 120,120 

« 08,432 

Binder* 

400 F 

188 

330 

X 

7,920 

« 4,612 

Water. 





Evaporation 

33.3% 

0 333 

X 116,520 

= 38,840 

Superheat 

33 3% 

0 333 

X 

9,800 

= 3,270 


Total Per Torn 1 \ 5,054 


For fi ton„_ 


6 X 115,054 

70 X 30,000 X 0 12 
505 X 866 X 0.30 

« 090,324 

« 252,000 

^ 129,684 

Steel plates 

460 

Radiaton^ 

576 


Total 



1,072,008 


aBmder oxidizes and liberates heat, which is neglected m this calculation. 

bAveiage value of coefiSaent is less than 0 8 because oven is not up to 576 F This is neglected 422 F 
is arrived at by taking area under curve as compared to area under 575 F ordinate. 
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Heat in 1 lb fuel oil = 18,830 Btu 

Heater Loss (10 per cent) = 1883 

Duct Loss (5 per cent) = 942 2,825 Btu 

16,005 Btu available to heat oven 

Heat content of gases in 1 lb fuel oil at 825 F is 205 Btu (Fig. 8) 

15 lb X 205 = 3,075 Btu sensible heat in products 

of perfect combustion 

12,930 Btu To heat air X and Y 
(Fig 11). 

y {Sm ■— 5432 ) + X (5a25 — 870 ) = 12930 (4) 

F = 2 (J^L + 15) for 66 7 per cent recirculation. 

where 

S = heat content of air at temperature noted taken from Fig 8 
(Recirculation and exhaust contains water vapor, products of combustion, and a 
greater portion of air. Heat capacities of all vary so little that they have all been 
assumed to be air) 

iSsas — <5422 =* 190 — 91 =99 
5826 “ 5:0 = 190 - 8.6 = 181 4 

Substituting values of 7, H, etc. in Equation 4, 

(2 Z + 30) 99 + 181 4 X = 12,930 
X = 26 3 lb excess air 
y = 82 6 lb rearculating air 

Total = 26.3 H- 82 6 + 15 = 123 9 lb air and products of combustion circulated per 
pound fuel burned. 

Heat in air exhausted from oven at 422 F per pound fuel burned = 0 333 X 123 9 
X (5422 - 570 ) - 41 3 (91 - 8 6) = 3,400 Btu 

Btu available for heating material = 16,005 — 3,400 = 12,605 Btu per pound fuel 
Fuel used in first hour = 2,180,470 - 12,605 = 173 lb = 25.6 gal. 

During the second hour the heater capacity will be much greater than required If 
an automatic oven temperature control operates on the oil supply, the delivery teni- 
perature of the air entering the oven and the quantity of oil burned will decrease, the air 
supply being constant. 

Heat in air exhausted = 41 3 (5 b7b — 57 o) = 41 3 (127 — 86)= 4880 Btu per pound 
fuel 

Heal available for heating material = 16,005 — 4880 = 11,125 Btu. 

Fuel used in second hour = 1,072,008 — 11,125 = 96 5 lb oil = 14 3 gal. 

Total oil used per load = 25 6 4* 14.3 = 39 9 gal 

ESHMAUNG METHODS 

Values based on practical experience are available for rough estimating 
of drying problems. The temperature will drop approximately 8H F per 
grain of water evaporated per cubic foot of air (measured at 70 F) or 
approximately 0.62 F per pound of air at any temperature. Air will drop 
65 F per cubic foot for each Btu extracted. Generally air will absorb 
from 2 grains to 5 grains per cubic foot of air in one passage through an 
air drier, depending on the temperature and the degree of contact with 
the material. The amount of steam required to evaporate a pound of 
water will vary from lb to a more usual figure of from 2J4 to 3 lb of 
steam per pound of water evaporated. 
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PROBLEMS IN PRACnOE 

1 # What xnakes a commercial adiabatic drier differ from a theoretical one? 

The word aMdbattc means no heat lost to the outside and that the sensible heat lost by 
the air is equal to the latent heat of the water evaporated In an actual dner, the solid 
containing the water, and the water itself must be heated to the temperature of evapora- 
tion, before evaporation can begin Radiation losses from the drier enclosure is the 
other factor causing deviation from the theoretical adiabatic process 

2 • What is a zone drier? 

This term refers to a continuous drier where the drying medium is divided into two or 
more sections, in order to have better control of the temperature and humidity gradients 
through the drier, and often different velocities. 


3 ©If a material enters a drier containing 70 per cent water and 30 per cent 
solids, and leaves the drier with 10 per cent water and 90 per cent solids, (a) 
what is the evaporation per pound of dried product? (b) What is the evapora- 
tion per pound of bone dry material? 

90 

a gg — 1 = 2 lb water per pound dried product. 

70 

6. Water entenng ~ ^ 233 per cent on bone dry basis 

Water leaving = ^ - 11 per cent on bone dry basis. 

Water evaporated 222 per cent on bone dry basis. 

Evaporation » 2.22 Ib water per pound bone dry material. 

4 • What items must he included in a calculation of the drier heat require- 
ments? 

a Heating water to be evaporated from the entering temperature to the temperature of 
evaporation. 

b. Evaporating water to be removed. 

c. Superheating evaporated water from the temperature of evaporation to the exit 
temperature of the air 

d Heating material from entering to leaving temperatures. 

e. Heating residual water from the entenng to the leaving temperatures. 

/. Heating conveyor or other supporting raatenals 
g Radiation losses through the enclosure. 
h. Sensible heat in the exit air. 

5 # The following conditions prevail in a drier; 230 Ih water evaporated per 
hour. Air enters heater at 80 F dry-bulb and 65 F wet-hulb. Air exhausted 
from drier at 130 F dry-bulb and F wet-bulb. Stock enters drier at 70 F. 
Heat required for warming stock and radiation losses are not considered. Fan 
is located ahead of heater. Find conditions of air entering and leaving drier, 
volume handled by fan, and teiwerature air entering drier to supply the 
necessary heat, using Hiunidity Chart in Fig. 4. 

Entering Air: Humidity, if * 0 01 lb water vapor per pound dry air. 

Dew-point =* 57 F 

Per Cent Humidity, % H « 46 
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Leaving Air Humidity, H — 0 0355 lb water vapor per pound dry air. 

Per Cent Humidity, % H = B2 

Water pick up = 0 0355 — 0 01 = 0 0255 lb per pound bone dry air 
Bone dry air circulated per hour = 250 — 0 0255 = 9800 lb 

Volume of air arculated at 80 F dry-bulb, and 46 per cent humidity 
14 1 — 13 6 = 0.5 cu ft vapor (Fig 4). 

Volume = 13 6 + (0 46 X 0 5) = 13 87 cu ft = 1 lb dry air + vapor 

Volume handled by fan at 80 F = — = 2260 cfm. 

oU 

Btu received by water = (130 — 70) X 1 0 = 60 
Latent heat of steam at 130 F (Fig. 4) = 1019 

Total 1079 Btu per pound. 

Heat used for evaporation per pound dry air = 1079 X 0 0255 = 27.43 Btu 
For entering air: Humidity, H = 0 01, Humid Heat = 0 2425 Btu per pound (Fig. 4) 
(^1 — fe) X 5 = Btu for evaporation 

ih - 130) X 0.2425 = 27 43 
h = 247 F 

6 • Given the following conditions, air 160 F dry-bulb, 49.6 per cent relative 
humidity (4>), 29.92 in. Hg, barometric pressure, find the per cent 11, absolute 
humidity. 

For 160 F, pa = 9.65 in. Hg (From Table 6, Chapter 1) 
p = = 0.496 X 9 65 = 4 78 

29 92 — 9 65 

29 92 — 4 78 ^ ” 0 40 or 40 per cent absolute humidity. 
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MOTORS AND CONTROLS 


Direct Current Motors, Alternating Current Motors for Single Phase 
and Polyphase, Special Applications, Classification of Motors, Manual 
Control, Automatic Control, Pilot Controls, Direct Current Motor 
Control, Squirrel Cage Motor Control, Multispeed Motor Control, 

Slip Ring Motor Control, Single Phase Motor Control 

T he electric motor, available in many different types suitable for 
various services, is now the most widely used form of prime mover. 
The equipment for starting, controlling and protecting these motors vanes 
with the type and with the functions it is desired to attain. Motors used 
for heating, ventilating and air conditioning applications may be divided 
into two general classifications as follows: 

1. For use with direct current. 

2. For use with alternating current 


DIRECT CURRENT MOTORS 

There are three types of direct current motors available: 

1. Shunt Wound. 

2 Compound Wound 

3. Senes Wound 

Shunt Wound motors being suitable for application to fans, centrifugal 
pumps, or similar equipment where the amount of starting torque required 
is relatively small, are used for the majority of applications in the field of 
heating, ventilating and air conditioning. They may be used on recipro- 
cating pumps and compressors, if started under unloaded conditions. 

Compound Wound motors are required for application to compressors, 
stokers, reciprocating pumps when started under loaded conditions, and 
also when applied to similar equipment where high starting torque is 
required. Whenever frequent starting makes high starting and accelerat- 
ing torque desirable, or where sudden changes of load are encountered, 
compound wound motors are used 

Series Wound motors find only limited application in a few special cases 
and are available in only a limited range of sizes. 
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Speed Chaiacteristics 

Direct current motors are available with speed characteristics of four 
types* 

1. Constant speed. 

2. Adjustable speed 

3. Adjustable varying speed 

4 Varying speed 

Constant Speed motors may be shunt wound or compound wound. 
Shunt wound motors have a nearly flat speed-load characteristic, with a 
regulation of 15 per cent for up to hp, 12 per cent for one to 6 hp and 
10 per cent for hp and larger, based on full load speed. 

Compound wound motors have a speed regulation over the range from 
full load to no load of not more than 26 per cent, based on full load speed. 

Adjustable Speed motors are usually shunt wound since it is impractical 
to maintain the proper relation between the shunt and series fields of 
compound wound motors when wide variations of the field strength are 
required to obtain the speed adjustment. 

Adjustment of the speed of shunt wound motors is obtained by field 
control on motors rated at % hp and larger, with the minimum or base 
speed at full field strength and higher speeds at reduced field strength 
(obtained by adding resistance in the field circuit). The speed regulation 
from no load to full load will not exceed 22 per cent for 2 to 5 hp; nor 
15 per cent for hp and larger. Below 2 hp, the regulation may exceed 
22 per cent. If closer speed regulation is required, specifically wound 
motors must be obtained. 

Practically constant horsepower output is obtained at all speeds up to a 
ratio of 2 to 1. For higher speed ratios, the horsepower rating at the 
minimum speed is less than at the maximum speed, this difference varying 
with the speed ratio. High efficiency is maintained over the entire speed 
range. Most listed constant speed motors are suitable for operation up to 
a speed ratio of 2 to 1 by the use of proper control equipment. 

Adjustable Varyvng Speed motors may be either shunt or compound 
wound and speed adjustment is obtained by adding resistance in series 
with the armature. The speed thus obtained is always below the rated 
full-field speed. Any standard shunt or compound wound constant speed 
motor may be used in conjunction with the proper armature resistor. 
The usual range of speed reduction is 60 per cent. The speed obtained 
for any setting of the resistor depends on the load of the motor and will 
vary with this load. 

The speed regulation at high speed is comparable to a constant speed 
motor, but becomes poorer as the speed is decreased. 

When operating at reduced speed, an increased torque requirement 
which the motor could easily handle at rated speed is easily sufficient 
to stall the motor; for example, a motor operating at two-thirds speed 
would be stalled by a torque about 60 per cent in excess of the normal 
requirement. 

The efficiency of the motor is reduced as the speed is reduced, since the 
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loss in the resistor is greater at lower speeds. Speed reduction by armature 
control is usually selected where: 

1 A wide speed range is not required 

2 Close speed regulation is not necessary. 

3 Operating time at reduced speed is short 

4 Operating load at reduced speed is small so that the reduced efficiency can be 
ignored 

5 The rating is less than 1 hp. 

Varying Speed motors are series wound and the speed varies with the 
load on the motor. They should be used where: 

1. The load is practically constant or increases with speed 

2 The motor can easily be controlled by hand 

They should not be used where there is a possibility of operation 
without load or at a reduced load, as the speed of the motor may become 
dangerously high. 

For shunt wound motors with full field strength, the starting torque 
varies almost directly with the starting current, which is dependent on the 
resistance in the armature circuit. With varying positions of the starting 
rheostat, it is possible to obtain a wide range of starting torque, within 
the limits of starting current permitted by the power company. 

A compound wound motor requires somewhat less current for the same 
starting torque. The maximum torque of shunt, series, and compound 
wound motors is limited by commutation. 

ALTERNATING CURRENT MOTORS 

Alternating current motors may be divided into two main groups, 
namely, (1) those operating on single phase current, and (2) those oper- 
ating on polyphase current. 

1, Single phase motors are available in four common types* 
a Capacitor motors 

1. Full capacitor 

2. Capacitor start-induction run 

b. Repulsion induction motors. 

c. Repulsion start, induction run motors 
d Split phase motors. 

2. Polyphase (2 or 3 phase) motors are available in four common types. 
a. Squirrel cage induction motor 

Automatic start induction motor 
c. Slip ring, wound rotor induction motor. 
d Synchronous motor 

Where the public utility supplying the current determines that a 
particular installation should be served with polyphase current, it is 
generally understood that the major portion of the motors will be for 
polyphase current, although it is commonly acceptable for the smaller 
motors to be single phase. This will limit the use of single phase current 
to the smaller motor ratings and the polyphase to the larger motors. 
Domestic and semi-commercial installations will invariably be single phase. 
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Single Phase Motors 

Capacitor type motors are available in ratings up to 10 or 15 hp for 
general purposes. These motors are recommended for pumps, compressors 
and fan duty including housed centrifugal fans and propeller fans The 
general purpose motor is commonly known as a high torque capacitor 
motor having approximately 300 per cent starting torque with^ normal 
current and having a different value of capacitance for starting and 
running which is automatically changed over by a mechanical or electrical 
means. 

Capacitor motors for fan duty are usually divided into the open high 
torque type for belted fans and the totally inclosed non- ventilated low 
torque type for propeller fans mounted directly on the motor shaft. The 
open low torque capacitor motor may be used with small centrifugal fans 
mounted on the motor shaft. 

Although the motors for belted fans are called high torque, the available 
starting torque is somewhat less than the torque of the general purpose 
motor and the slip at full load is approximately 8 per cent. With this 
larger amount of slip, adjustable speed down to 60 or 70 per cent of rated 
speed may be obtained by line voltage variation. Motors for propeller 
fan drive may be supplied with sleeve bearings to obtain greater quietness 
in the smaller sizes where the fan thrust does not exceed approximately 
25 lb. For larger fans, thrust ball bearing motors should be used* Low 
torque capacitor motors have approximately 50 per cent starting torque 
and do not change the value of capacitance from start to run. 

Capacitor motors with high slip may have taps brought out from the 
main winding whiph when connected to the line, give a second speed of 
from 65 to 70 per cent of the normal speed. This type of motor must be 
specially designed for the individual fan, otherwise the correct low speed 
will not be obtained. Care should be exercised m applying it to centrifugal 
fans where restriction to the air flow through the use of adjustable dampers 
changes the motor load and consequently the speed. This same effect is 
also found in transformer speed controllers, however, a scries of trans- 
former taps allow for a selection which partially overcomes the effect of 
change in motor load. 

Capacitor start-induction run motors are usually confined to the smaller 
horsepower ratings and differ from the capacitor motors by having no 
running capacitor. The value of starting capacitance used may vary with 
the different types of applications involved. These motors may be used 
for practically any of the applications met in air conditioning. However, 
consideration should be given to the fact that they are not as quiet as a 
capacitor motor. 

Repulsion induction motors start as repulsion motors and operate under 
full speed as combined repulsion and induction motors through the in- 
herent characteristics of the motor which hats, in addition to the wire 
winding with commutator, a buried squirrel cage winding. No additional 
switching devices are required to change over from start to run. This and 
the repulsion motor described below may be used for constant speed 
drives where high starting torque is required and where commutator and 
brush noise is not a factor. 


764 


Chapter 42 — ^Motors and Controls 


The repulsion start-induction run motor starts as a repulsion motor, 
has a switching means for transferring from start to run which short 
circuits the commutator and permits operation under full speed as a 
wound induction motor. This motor is suitable for applications similar 
to those for which the repulsion induction motor is used. 

^ The spht phase inotor has a high resistance auxiliary winding in the 
circuit during starting which is disconnected through the action of a 
centrifugal switch as the motor comes up to speed. Under running con- 
ditions, it operates as a single phase induction motor with one winding in 
the circuit. These units are available for the lower horsepower ratings and 
when equipped with a high slip rotor may be used for adjustable varying 
speed through line voltage control. 

Polyphase Motors 

Squirrel cage tnduciion motors are available in three types and a full 
range of sizes: 

1 The normal torque, normal starting current squirrel cage motor has close speed 
regulation, high efficiency, high power factor, medium starting torque, high pull-out 
torque, and is suitable for general purpose applications This motor has a large current 
inrush and a low starting current power factor It operates with these characteristics 
only when started directly across the line on full voltage. When central stations require 
current limiting starting equipment on such motors, the starting torque is less. Current 
limiting hand operated starters are standard equipment. 

2. The normal torque, low starting current squirrel cage motor has approximately the 
same torque as the normal current motor, but the starting current is about 20 per cent 
less than the normal torque motor on full voltage and ordinanly within the National 
Electric Light Associatton locked rotor current limits on sizes up to 30 hp. 

This motor lends itself to automatic or remote control because no current limiting 
starting equipment is necessary up to and including 30 hp A magnetic starter with low 
voltage and thermal relay overload protection gives the most satisfactory service 

3 The high torque, low current squirrel cage motor has a starting torque approxi- 
mately 26 to 50 per cent greater than the normal torque motor on full voltage with 
starting current approximately 10 per cent less than the normal torque motor started on 
full voltage, but within the required limits on 30 hp sizes and smaller. These motors are 
also startea directly across the line on full voltage through a magnetic starter or other 
approved starting device 

These three types of motors are also available in two, three, or four 
speed designs with variable torque, or constant torque characteristics. 
Two speed motors may be either single, or two winding; three speed 
motors are single, two, or three winding; and four speed motors are two, 
three, or four winding. When a motor is wound with a winding for each 
speed, better operating characteristics may be obtained because no 
sacrifice is made for the other speed and operating characteristics ap- 
proaching single winding motors may be expected. 

Frequently, multispeed motors lend flexibility to an installation that 
cannot be obtained in any other way. 

Multispeed motors are started directly across the line through magnetic 
starting equipment with overload and low voltage protection and com- 
pelling relays to insure starting on low speed regardless of the ultimate 
running speed. Starting on low speed limits the starting current to the 
starting current of the low speed winding and consequently lowers the 
maximum demand. 
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Table 1 Classification of Motors 


CUBRBNT 

TYPE 

Sfebd 

Gharao* 

TXRlSnCS 

Poll Vowaoh 

Hp 

Trpaop 

Application 

Sbb Footnotb* 

Btabting 

ToaquB 

SHABITINa 

OOERBNT 

Ranob 



Constant Speed Dnves 




1. Shunt 

Constant 

Medium 

Medium 

All 

(a) Fans and 
(c) Centrifugal 

Pumps 

Direct 

2. Compound 

Constant 

or 

Vanable 

High 

Medium 

All 

(i) (c) («) Reap- 
procatmg Pumps and 
frequent or hand 
starting 


3. Series 

Vanable 

High 

Medium 

Small 

(d) Fans direct 
connected 


4. Squirrel Cage 
General Purpose 

Constant 

Normal 

High 

6-8 Times 

All 

(a) Fans and 
(c) Centrifugal 

Pumps 


6. Squirrel Cage 
Medium Torque 

Constant 

Normal 

Medium 
5-6 Times 

Medium 

Small 

(a) Fans and 
Centnfugal Pumps 


6. Squirrel Cage 
High Torque 

Constant 

High 

Medium 
5-6 Times 

Medium 

Small 

ib) Reciprocating 
Pumps 

(«) and Compressors 
started loaded 

Poly- 

phase 

7 Automatic Start 
High Torque 

Constant 

High 

Low 

3 Times 

Medium 

(6) Reciprocating 
Pumps 

(«) and Compressors 
started loaded 


8. Slip Ring 

Wound Rotor 

Constant 

High 

Low 

1-3 Times 
with sec- 
ondary 
control 

All 

(а) and Hoists 

(б) Reciprocating 
Pumps 

W and Frequent 
(e) or Hand Start 


9 S 3 mchronous 

High Speed 

Constant 

Medium 

Medium 
5-7 Times 

Medium 

Large 

(a) Fans and Cen- 
trifugal Pumps 


10. Synchronous 

Low Speed 

Constant 

Low 

Low 

3-4 Times 

Medium 

Large 

(a) Reciprocating 
Compressors Start- 
ing Unloaded 

Single 

PHASE 

11. Capacitor 

Constant 

High 

Normal 

Medium 

Small 

® Pumps and 
Compressors 


*Apphcatioii8 

a I^ves having medium or low starting torque and inertia (WJR?) such as fans and centnfugal pumps 
or reoprocating pumps and compressors started unloaded 

b Dnves having high starting torques, such as reaprocating pumps and compressors started loaded. 
c Similar to (a) except where frequent or hand starting (large WR^) reqmres a higher starting and 
apcelerating torque 

d Pans direct connected 
e Stoker drives 
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Table 1 Classification of Motors— (Continued) 




Spbsd 

Poll Voltaob 

Hp 

Ttph of 

CUBBBKT 

TYPE 

CH&BA.O 

TXRISnCS 

Stabting 

TOBQTn 

Stahting 

CUBBBNT 

Rakgb 

Affucation 

Sbb Fooiitotb* 


J2 Capacitor Fan 

Constant 

High 

Medium 

Medium 

Small 

(fl) Fans — belted 


13. Capacitor Fan 

Constant 

Low 

Medium 

Medium 

Small 

(d) Fans — direct 


14. Capacitor Start 
Induction Run 

Constant 

Any 

Medium 

Medium 

Small 

(a) Fans 

(b) Pumps and 
Compressors 

Single 

PHASE 

16 Repulsion 
Induction 

Constant 

High 

Medium 

Medium 

Small 

(fl) Fans 

(b) Pumps and 

Compressors 


16. Repulsion Start 
Induction Run 

Constant 

High 

Medium 

Medium 

Small 

(a) Fans 

Pumps and 
Compressors 


17 Split Phase 

Constant 

and 

Adjust- 

table 

Medium 

Medium 

Frac- 

tional 

(a) Fans 

(b) Pumps and 
Compressors 



Adjustable Speed Drtves 



Direct 

18. Shunt Field 
Adjustment 

19. Shunt Armature 
Resistor 

Constant 

Vanable 

Medium 

Medium 

Medium 

Medium 

All 

All 

(a) Fans and 
(e) Centnfugal 
Pumps 

(a) Fans and 
(e) Centrifugal 
Pumps 


20. Squirrel Cage 
High Slip, 
Tapped winding 

Variable 

Medium 

Medium 

Medium 

Small 

(a) Fans 

POLTT- 

PEUiSB 

21. Squirrel C^e 
High Slip, Trans- 
former Adjust- 
ment 

Variable 

Medium 

Medium 

Medium 

Small 

(a) Fans 


22. Squirrel Cage 
Separate Wind- 
ing or Regrouped 
Poles 

Constant 

Multi- 

Speed 

Medium 
or High 

Low 

All 

(a) Fans 

0) Pumps and 
(c) Compressors 
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Table 1 Classification of Motors— (Continued) 


CUBKBKT 

TYPE 

1 

SnoD 

Chajbao 

TBRiancs 

Fuu. VoLTA-aB 

Hp 

Tips op 
Application 

Sbb Pootnoth* 

Stamino 

Tobqitb 

STAsma 

CvaBXST 

Ransb 

Poly- 

phase 

23 Wound Rotor, 
Slip, Ring, Ex- 
ternal Secondary 
Resistance 

Variable 

High 

Low 

All 

(a) Fans and 

(b) Centrifugal 

Pumps 


24 Capacitor High 
Torque Tapped 
Winding 

Variable 

High 

Normal 

Medium 

Low 

(a) Fans, belt 


25 Capacitor Low 
Torque Tapped 
Winding 

Variable 

Low 

Medium 

Medium 

Low 

(d) Fans, direct 

Single 

PHASE 

26 Capacitor High 
Torque Trans- 
former Adjust- 
ment 

Vanable 

Low 

Low 

Frac- 

tional 

(d) Fans 


27 Capacitor Low 
Torque Trans- 
former Adjust- 
ment 

Variable 

Low 

Low 

Frac- 

tional 

(d) Fans 


28. Split Phase 
Regrouped Poles 

Constant 

Normal 

Normal 

Frac- 

tional 

(d) Fans 


Often where the central station requires current limiting starting 
equipment for the normal torque, normal starting current motor, it is 
advisable to use the normal torque low starting current multispeed motor. 

High slip polyphase motors may be used for adjustable varying speed 
drives in a manner similar to that described for capacitor motors, with 
either a transformer speed regulator or tapped motor windings. 

It is apparent from these motor characteristics that a squirrel cage 
motor may be selected for operating any air conditioning and allied 
equipment. 

Automahc start vniuction motors are constructed with two windings on 
the rotor, one of which is a high resistance, squirrel cage winding used in 
starting and gives a high starting torque approximately the same as the 
high torque, squirrel cage A centrifugal mechanism within the motor 
switches to the second low resistance winding when the motor comes up to 
speed, thus obtaining running characteristics equal to the normal torque, 
normal current squirrel cage motor. The power factor of the starting 
current is high. 

Slip ring wound rotor motors are built for two classes of service, con- 
stant speed and adjustable variable speed. The motors are identical in 
each case and use the same primary control, the only difference being in 
the secondary control. 
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Slip ring motors for constant speed service are used where high starting 
torque with low starting current is required for banging heavy loads up 
to speed. The resistance is in the secondary or rotor circuit, only when 
starting, and is short circuited when the motor is up to speed. 

For adjustable varying speed service, part or all of the secondary 
controller resistance is in the circuit whenever the motor is operating 
below full speed. The speed obtained with a given resistance in the 
secondary circuit is dependent on, and changes with the load on the 
motor. The horsepower developed by the motor is approximately pro- 
portional to the speed, whereas the power required by the motor is 
practically the same at reduced speed as at full speed, hence the efficiency 
at reduced speeds is much lower than at full speed. 

Synchronous motors are ordinarily used only where there is a need for, 
or advantage in, obtaining power factor correction. It is necessary to 
consider each application as a special case which must be individually 
engineered, since for satisfactory operation, the combined moment of 
inertia of the compressor fly wheel and motor rotor must be correctly 
established. 

The general classification of motors used for heating, ventilation and 
air conditioning is shown in Table 1. 

SPECIAL APPUCAHONS 

A few applications of motors may require special constructions such as 
splash proof, explosion proof, fully enclosed, and self-ventilated to meet 
hazardous or special duty conditions. These requirements are frequently 
encountered in certain industrial applications, in which casp^ it is neces- 
sary to select the motors from the viewpoint of service conditions, as well 
as the required operating characteristics to meet the demands of the 
machines being driven. 

CONTROL EQUIPMENT FOR MOTORS 

In selecting control for alternating and direct current motors it is 
necessary to determine whether the installation is to be operated by 
manual or automatic control. The available controls and the function of 
each group of apparatus may be outlined as follows 

1 Manual Control: 

a. To establish current. 

(1) Snap switch 

(2) Knife switch 

(3) Manually operated contactor 

(4) Drum switch. 

h Establish current and add overload protective device 

(1) Snap switch with overload element. 

(2) Knife switch with fuse or thermal cutout. 

(3) Manual contactor with overload protective device; also reduced voltage 
starting compensator. 

(4) Drum switch with overload protection 

c Establish current and add overload and low voltage protective devices 

(1) Not used, 

(2) Not used. 
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(3) Manual contactor or reduced voltage compensator with overload and low 
voltage release. 

(4) Drum switch equipped with latch coil to give low voltage release 

2 Automatic Control 

a. To start on full voltage 

(1) Without overload device. 

(2) With overload device. 

(3) With combination overload device and knife switch 
&. Reduced voltage starting 

(1) Primary resistance type starter. 

(2) Auto compensator type. 

(3) Reactance type. 

PILOT CONTROLS 

In selecting pilot control devices to operate in conjunction with either 
manual or automatic motor control, it is necessary that they be classified 
as follows: 

1. Two Wire Control. Most thermostats, float switches, and pr^ure regulators, 
provide two wire control which gives low voltage release. A three position pilot s^tch 
can be used in connection with this method and thus provide manual control. With a 
low voltage (12 or 20 volt) control circuit it is desirable to use a low voltage thermostat 
When this type of thermostat is used it will be found that a saving in the wiring cost 
results. When using the low voltage thermostat on a control circuit a relay and trans- 
former panel should be used instead of the low voltage coil on the starter 

2 Three Wire Control Momentary contact start and stop push button stations are 
usually furnished as standard accessories with automatic starters, which gives low 
voltage protection. This control cannot be used in combination with two wire pilot 
devices. 

In selecting manual control for an alternating or a direct current motor, 
the common practice is to locate the control near the motor. When the 
control is installed at the motor, an operator must be present to start and 
stop or change the speed of the motor by operating the control medianism. 
Frequently manual control is employed only as a device to give overload 
protection and another device is employed to start and stop the motor. 
Manual control is used particularly on small motors which operate unit 
heaters, small blowers, and room coolers in an air conditioning system 
In other caaes manual control in the form of drums, when used with 
multispeed motors, is only used as a speed setting device with the starting 
and stopping functions operated automatically through thermostats, and 
pressure switches. 

Because of the increasing complexity of air conditioning systems, 
heating, ventilating ^d air conditioning equipment is being operated on 
automatic control with less dependence on manual operation and regu- 
lation. 

Automatic control of motor starters may be accomplished by the use of 
remote push button stations, by a thermostat, float switch, pressure regu- 
lator or other similar pilot devices. An added advantage of automatic 
control is &at the main wiring for the starter may be installed near the 
motor, while the starter may be operated by a control device located else- 
where. In the majority of air conditioning installations, requiring motors 
1 hp and larger, two or three phase alternating current is usually supplied. 
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DIRECT CURRENT MOTOR CONTROLS 

Air conditioning installations using direct current power are now only 
used where alternating current is not available. Direct current motors 
are always started through starters, which are devices using a resistance 
to be put in^ series with the armature circuit during starting only, lie 
resistance being gradually cut out as the motor comes up to speed. The 
starting current is held within safe limits by the use of the resistance. 

The speed of a direct current motor may be regulated by the following 
methods: 

1. Speed regulation by field control — ^by using a device with resistance to be put in 
series with the field winding. After the motor has been started to be used to increase the 
speed of the motor above full field speed. 

2 Speed regulation by armature control — by using devices with resistance to be put 
in series with the armature circuit to be used to reduce the speed of the motor below full 
field or normal speed 

3 Combinations of field and armature control, so that the starting, field control, or 
armature control may be combined in a single unit 

Field control is usually preferred, depending on the size of the instal- 
lation. ^ For example, if a direct current motor were required with speed 
regulation between 1200 and 600 rpm, a choice of supplying a 1200 rpm 
motor with armature control or a 600 rpm motor with field control, both 
giving the same speed variation would be possible. While the 1200 rpm 
motor with armature control is lower in first cost than the 600 rpm motor 
with field control, the cost of operating the 600 rpm motor with field 
control is less and will save the difference in first cost over a period of time 
depending on the size of installation. A wide speed variation can be easily 
obtained in a direct current motor by using a combination of field and 
armature control. 

SQUIRREL CAGE MOTOR CONTROL 

To meet the requirements of various drives of an air conditioning 
system, three types of squirrel cage, two or three phase motors may be 
used: 

1. Normal torque, normal starting current. 

2. Normal torque, low starting current. 

3. High torque, low starting current. 

Because of the large current inrush of the normal torque, normal 
starting current motor, central stations usually require current limiting 
starting equipment on such motors above 6 hp. To meet the starting 
current requirements, manual or automatic current limiting starting com- 
pensators are used. These compensators are equipped with 50, 65 and 
80 per cent voltage taps, the 65 per cent tap being regularly furnished 
when the compensator leaves the factory. Motors 5 hp and smaller have 
starting currents within the requirements of central stations and manual 
or magnetic, full voltage control may be used. 

The normal torque, low starting current motor has a starting current 
whi^ is approximately 20 per cent less than the normal current motor on 
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full voltage and well within the required current limits on 30 hp sizes and 
smaller. This motor, therefore, lends itself to across-the-line control 
because no current limiting equipment is necessary. In selecting motors 
for fans, pumps, or blowers, it should be noted that while the cost of the 
normal starting torque, low starting current motor is higher, the cost of 
full voltage control is lower, so that the total cost of low starting current 
motors with across-the-line control is lower. 

A magnetic starter with low voltage and thermal overload protection 
gives the most satisfactory service. These switches may be controlled 
by remote push button stations, thermostats, or pressure switches to 
meet the requirements of any particular installation. 

The high torque, low starting current motor has a starting current 
approximately 10 per cent less than the normal torque, low starting cur- 
rent motor when started on full voltage. These motors, most commonly 
used on compressor dnve, can be started directly across-the-line with 
manual or magnetic starters. 

Adjustable varying speed motor control by terminal voltage regulation 
requires a tap-changing switch manually or magnetically operated. Such 
a control switch operates to alter the voltage applied to the motor by 
contacting different auto-transformer voltage-ratio taps or by changing 
the amount of resistance inserted in the primary or line circuit. 

MUITISPEED MOTOR CONTROL 

To make an installation more flexible, multispeed motors are available 
with two, three or four speed designs, with variable torque, constant 
torque or constant horsepower characteristics. Multispeed may be 
started by means of manual or magnetic starting equipment. 

When using automatic magnetic control with two, three, and four 
speed separate winding or consequent pole motors, control is obtained 
from a remote point by means of a push button master switch. The 
various speeds of the motor are obtained from the master switch by 
simply depressing the correct push button, which is known as selective 
speed control. It is commonly used in the smaller theatre installations 
where the fan and motor is located backstage and the speed control is 
located in the lobby. 

Magnetic multispeed motor controllers may also be provided with a 
compelling relay which makes it necessary that the operator press the first 
speed button before regulating the motor to the desired speed. This 
assures the operator that the motor is always started at low speed before 
the motor is adjusted to one of the higher speeds. Starting on low speed 
limits the starting current to the starting current of the low speed winding, 
and therefore, permits the use of motors in sizes larger than ordinarily 
permitted by central stations for full voltage starting. 

TinGiing relays, which provide for automatic acceleration, may be used 
for control. With the automatic acceleration feature, it is only necessary 
to press the button for the desired speed. The motor will always start 
in low speed and automatically step up to the desired speed. 

Where the change of speeds does not occur at regular intervals, and 
where it is only necessary to change from one speed to another to take 
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care of seasonal requirements, a manual drum speed selector may be used- 
This drum is used to select the proper motor speed while an automatic 
starter is used to start and stop the motor. 

The smaller size speed selector drums rated 10 hp at 220 volts and 
smaller may also be used as a motor starter to make and break the current, 
as well as, serving as a speed selector device. Reversible or non-re- 
versible drums may be supplied depending on the requirements of the 
installation. 

In the large size drums, a separate contactor must be provided to make 
and break the current. The contactor may be any approved starter. 
Overload and low voltage protection may be accomplished by using a 
magnetic starter. No push button station is required, the handle switch 
on the drum having the same characteristics as a three wire push button 
station. 

In selecting two speed motors for fan, pump, blower, or compressor 
drive it will be found that the two winding motors are more expensive 
than the single winding. The control for two speed, two winding motors 
is more economical and the combined price of the motor and contactor is 
only slightly higher. Because of the better performance of the two speed 
motor and the factor of safety in having two independent motor windings, 
the increased cost is considered worth the difference. 

SLIP RING MOTOR CONTROL 

When close speed regulation and low starting current is required slip 
ring or wound rotor motors are used. Slip ring motors are built for two 
classes of service, constant speed and adjustable varying speed. The 
motors for the two classes of service are identical, the only difference 
being in the secondary control used with the motors. Control for both 
primary and secondary of a slip ring motor is required. 

The primary control for a constant or adjustable speed is the same type 
as used with squirrel cage motors. Manual or magnetic starters, across- 
the-line type, may be used depending on the installation. 

The starting current and starting torque of a slip ring motor are almost 
entirely dependent on the amount of resistance in the secondary control 
and in the manner in which the secondary control is operated. The 
National Electric Manufacturers Association has adopted service classi- 
fications which allow a selection of resistors permitting a starting current 
on the first contact of resistance varying from approximately 25 per cent 
of full load current to approximately 200 per cent of full load current or 
more, and permitting the resistor to remain in the secondary circuit of the 
motor for a period varying from not more than 15 seconds during an 
interval of operation from 4 minutes to continuous. 

Speed regulation of a slip ring motor is obtained by inserting resistance 
in the secondary circuit and usually provides for a 50 per cent speed 
reduction when the motor takes its full rated current at normal speed. 
As resistors are supplied for both fan duty ^d constant torque duty, care 
should be taken in selecting tihe proper resistors. 

Slip ring motors when used with centrifugal pumps and fans should have 
fan duty resistors. Because of the low current inrush of the fan and pump 
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load a starting resistor NEMA classification No. 15 may be used. For 
speed regulation resistor, classification No. 93 should be selected. On a 
compressor drive using an unloader, a constant torque resistor classi- 
fication No. 15 should be used. If the compressor is started under load, 
NEMA classification No. 56 or 76 are used. For constant torque speed 
regulation, resistor No. 95 is used. 

SINGLE PHASE MOTOR CONTROL 

Where three phase current is not available or where single phase opera- 
tion is preferred, then single phase repulsion induction, capacitor type or 
multispeed single phase motors may be used. Since the starting currents 
of all single phase motors are required to be within the starting-current 
limits established by the local power-supply company, a suitable type of 
starter may be chosen from the following selection: 

1. Enclosed two pole manually operated motor starters with thermal overload 
protection. 

2. Enclosed two pole automatic motor starter operated by a push button, thermostat 
or similar device, with thermal overload relay and low voltage protection. 

3. A manual or magnetic resistance type starter with low voltage protection 

4. A manual or magnetic control for pole changing motors and for adjustable varying 
speed motors using an auto-transformer or resistance in the pnmary circuit to obtain 
line (or terminal) voltage drop. 

In selecting across-the-line control for single phase capacitor type 
motors it is usually very desirable to use three pole across-the-line starters. 
Control for multispeed, single phase capacitor motors may be selected 
from tables on three phase rating when consideration is given to the 
increased current and the necessary switching of connections. 


PROBLEMS IN PRACTICE 

1 • Tniezi motors are being considered as prime movers, what are some of the 
basic considerations that determine the final selection of the correct unit? 

a. The kind of current available for driving the necessary motors is a pnmary con- 
sideration. There are two groups of motors available for driving the equipment on any 
job, which are the direct current type or alternating current type. The proper group 
selection depends entirely on the current available. 

b It is also necessary to decide whether constant speed or variable speed operation is 
desired. 

c. Consideration must also be given to the type of service required. 

1. Whether variable torque or constant torque motors will be required. 

2. Whether a high starting torque is required or whether a relatively small starting 
torque is required. 

d It is important to take into consideration the atmospheric conditions surrounding the 
motor location 

2 # When using direct current motors: a. What three l^es are available as 
regards their windings; b. What four types are available with reference to 
their speed characteristics? 

a. Shunt wound, compound wound, and series wound. 

&. Constant speed, adjustable speed, adjustable varying speed, and varsdng speed. 
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3 • With direct current motors as prime movers what type would you use: 
a. For driving a fan; &. For driving a compressor? 

a A fan requires a relatively small starting torque, therefore, a shunt wound motor 
would be ideal for this type service 

h A compressor has a constant torque, therefore, a compound wound motor would be 
the proper selection for this duty 

4 • What is one of the important factors that should be taken into account 
when a series wound direct current motor is being considered? 

With a series wound motor the speed varies with the load, therefore this type should 
never be used where there is a possibility of the motor operating without being loaded. 
The resultant high speed may prove to be dangerous 

5 • With the use of alternating current motors what two groups are generally 
considered? 

Motors using single and polyphase power supply. 

6 • Under the alternating current group of motors what common types are 
available: a. For single phase duty; b. For polyphase duty? 

a Capacitor high torque, capacitor fan — (1) high torque, (2) low torque, capacitor 
start-induction run, repulsion induction, and split phase 

b Squirrel cage — (1) general purpose, (2) medium torque, (3) high torque, automatic 
start high torque, normal torque normal current, normal torque low current, high torque 
low current, slip ring wound rotor, synchronous high speed, synchronous low speed 

7 • What is the most commonly used of the polyphase motors? 

The squirrel cage induction motor is the type most generally used for ordinary applica- 
tion. 

8 • With the use of squirrel cage motors what speed characteristic is available 
and what construction is used to make these more flexible? 

The squirrel cage motor is basically a constant speed motor. However both single phase 
and polyphase high slip motors are used for adjustable varying speed drive through the 
use of line voltage control. When using an adjustable varying speed motor, particularly 
with a centrifugal fan and to a somewhat lesser extent, with a propeller fan, special care 
should be taken to assure that the fan is closely motored (t e , adequately loads the motor) 
in order to obtain the desired speeds under reduced speed operation To make the 
squirrel cage motor more flexible, multispeed units are used quite frequently. These 
units may be single winding for the two speed unit or for different number of win(^ngs 
depending upon the number and combination of speeds required For two speed single 
winding units the second speed is always one-half of top speed 

9 • Differentiate between synchronous speed and full load speed of a motor. 

Synchronous speed is the theoretical or no load speed With the induction motor there 
is a certain amount of slip depending upon the load. As a rule, at full load, the speed is 
approximately 96 per cent of synchronous speed, however, motor manufacturers generally 
list full load speeds on their motor name plates 

The synchronous type of motor has a full load speed which is the same as the synchronous. 

10 • What are the general requirements usually recommended by the power 
company with reference to connecting polyphase motors to the power line? 

For motors up to and including 6 hp, normal torque, normal starting current type of 
units can be connected directly to the line 

For motors from 6 to 30 hp, both high torque and normal torque, low starting current 
types of units can be used with across-the-line type of control. 

Above these sizes, it is necessary to furnish current limiting starting equipment. 

It IS always advisable to check with local power companies as there are no standards for 
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connecting of loads on the power line and they are likely to vary with different pow'er 
companies 

11 • In controlling direct current motors what two methods are used, what 
speed ranges are obtained, and what is the relative efficiency of each method? 

In controlling direct current motors, resistance is placed m either the armature circuit or 
the field circuit For armature control, the speed is reduced with the increase of re- 
sistance With the field control, the speed is increased with the addition of resistance 
in the field arcuit 

For most listed direct current motors, it is possible to obtain operation up to a speed 
ratio of two to one with field control equipment. This type of control is used in con- 
nection with shunt wound motors for best results 

For speed adjustment by resistance in series with the armature circuit, a reduction of 
50 per cent in speed can generally be obtained This control can be used with either 
shunt or compound wound motors 

The field control method of changing speeds on direct current motors is the most ef- 
ficient. Due to the large current in the armature circuit, this method results in a high 
loss when the speed is reduced any appreciable amount It is well to remember that with 
field control only constant horsepower output is obtained, therefore, care should be taken 
that the motor at normal speed is large enough to care for any increase in load as a 
result of speeding up the unit. 

12 • What reduction in speed is possible and how is it obtained when alter- 
nating current slip ring motors are used? 

Speed variation in slip ring motors is obtained by inserting resistance in the secondary 
nrcuit. This generally allows for a 50 per cent speed reduction when it is fully loaded at 
normal speed. 

From 20 to 30 per cent speed reduction can be obtained through the use of line voltage 
control of an adjustable varying speed motor with a fan closely motored (i e,, the fan 
approximately fully loads the motor) 
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TEST METHODS AND INSTRUMENTS 


Pressure Mec^urementf Temperature Measurement^ Air Move- 
ment^ Humidity Measurement^ Carbon Dioxide Determination, 

Dust Determination, Flue Gas Analysis, Measurement of Smoke 
Density, Heat Transmission, Eupatheoscope Problems in Practice 

S EVERAL types of measuring apparatus are available for accurately 
determining the thermal capacity and air movement of gaseous vapors 
and homogeneous materials. This ^apter gives a brief description of the 
principal instruments used in connection with the proper control and 
testing of heating and air conditioning installations. 

PRESSURE MEASUREMENT 

Atmospheric pressure is usually measured by a mercurial barometer 
which, in its simplest form, consists of a glass tube about 3 ft long, closed 
at the upper end, filled with mercury and inverted in a shallow bath of mer- 
cury. The pressure of the atmosphere on the exposed top of the mercury in 
the cistern supports a column of mercury in the tube to a height of about 
30 in. Readings are taken of the height of the column between the levels 
of mercury in the tube and in the astern. Atmospheric pressure is the 
same as the pressure exerted by this supported column of mercury, and, 
in pounds per square inch, is equal to its height in inches times 0.491, 
which is the weight in pounds of 1 cu in. of mercury. At latitude 45 deg 
and sea level, and at a temperature of 32 F, the atmosphere will support a 
column of mercury 29.921 in. in height. The pressure of 14.7 lb per square 
inch, derived by multiplying 29.921 by 0.491, is called standard or normal 
barometric pressure. Since die height of the barometer depends on the 
density of tihe mercury as well as on the pressure of the atmosphere, and 
since the density is dependent on the temperature, mercurial barometer 
readings should ^ways be corrected for temperature. An aneroid barometer 
contains no liquid ; it is portable but less accurate than the mercurial baro- 
meter. Atmospheric pressure in bending the thin corrugated top of a 
partially exhausted metallic box, or in distorting a thin-walled bent tube 
of metal, is made to move a pointer. 

Pressures above or below atmospheric eire usually measured by means 
of gages which indicate the difference between the pressure being measured 
and atmospheric pressure at the same time and place. A gage which 
indicates pressures higher than atmospheric is known as a pressure gage, 
and a gage which indicates pressures lower than atmospheric is known ^ a 
vacuum gage. The most common type of these gages contains a flexible 
hollow metal tube of oval cross section, known as a Bourdon tube. When 
subjected to unequal inside and out^de pressures, this tube tends to 
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straighten out, and a pointer motivated by this straightening indicates 
the pressure difference on a suitably graduated scale. 

High vacuum readings such as are encountered in condenser and steam 
jet refrigeration practice are commonly obtained, by the use of mercury 
column vacuum gages. When the readings obtained with the mercurial 
barometer and those with the mercury vacuum gage have both been 
corrected to 32 F, the difference in the two readings will give the absolute 
vacuum in inches of mercury. The following equation may be used to 
make corrections for temperature* 

k ==> hill - 0 000101 ih - t)] (1) 

where 

h = height of mercury column corrected to temperature t 
hi = actual height of mercury column. 
k = actual temperature of mercury column. 
i = temperature to which column is to be corrected 

A gage which indicates pressures slightly above or below atmospheric is 
known as a draft gage. It is essentially a U tube containing either water, 
kerosene, alcohol, or mercury, with one leg exposed to the air and the 
other connected to a point where the pressure is to be determined. When 
the pressure being read is equal to atmospheric, the level of the liquid in 
the legs will be the same, indicating a zero gage pressure. When a pres- 
sure is applied to one leg, one side will fall and the other will rise an equal 
amount. The difference in height between the two liquid levels indicates 
the pressure expressed in inches of liquid used in the gage. 

Various forms of high sensitivity draft gages^ frequently called micro- 
manometers are available for the measurement of small pressure differen- 
tials and may be sensitive to pressures as small as 0.001 iji. of water. 
These gages are often useful where measurements are to be made on 
pressure differentials less than 0.1 in. of water, although their total range 
may extend as high as 5 to 10 in. of water. 


TEMPERATURE MEASUREMENT 


In enginemng work, mercurial thermometers are largely employed to 
measure the intensity of heat. These depend on the uniform expansion of 
mercury to indicate changes in temperature. An amount of mercury held 
m a sealed tube with a bulb at one end will rise to one definite level when 
immersed in melting ice, and to another definite level when immersed in 
boiling water. These two points are marked, and the space between them 
IS divided into a number of equal portions, each of which is called a 
de^ee. In tJie Fahrenheit scale, there are 180 deg thus obtained, 
while the centigrade scale has 100 and the Reaumur has 80. Like divisions 
axe marked off on the column above and below these two determined 
points in order that a greater range of temperature may be read. 

Thermocouple^ may be u^ to measure any range of temperatures up 
to 2,900 F. When two dissimilar metals are joined at two points and a 


|||||k|pmoi8 


Microznanoxoeter, Uuversity of Illinois En&neenng ExfenmerU Station Bulletin No 120, p, 91 
|udy of the Application of Thermocouples to the Measurenient of Wall Surface Temperatures, by 
piatz and E L Brodenck (A S H V E Transactions, Vol 38, 1932) 
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temperature difference exists between these junctions, an electromotive 
force will be developed. Its magnitude depends on the composition of the 
wires and the difference in temperature between the junctions, A poten- 
tiometer or sensitive galvanometer of high resistance connected to the 
thermocouple will give a deflection which is a function of the temperature 
difference be^een the hot and cold junctions. Thermocouples con- 
nected in series are called thermopiles. Thermocouples for the measure- 
ment of high temperatures are calibrated with the aid of the known 
melting points of pure metals. 

Resistance thermometers are suitable for temperature measurements up 
to 1800 F. Th^e thermometers depend for their operation on the change 
of resistance with temperature of a platinum, nickel, or copper wire coil, 
and they are calibrated in the same way as thermocouples. 

Pyrometers of various types may be used for temperatures above 500 F, 
The mercurial pyrometer is a thermometer with an inert gas, such as 
nitrogen or carbon dioxide, above the mercury column to prevent the 
mercury from boiling. The radiation pyrometer consists of a thermopile 
upon which the radiation from a hot source is focused by a concave mirror 
or lens. A sensitive galvanometer or potentiometer with a calibrated 
temperature scale indicates the thermo-electromotive force created by the 
heat on the thermopile. The optical pyrometer measures radiant energy 
by comparing the intensity of a narrow spectral band, usually red light 
emitted by Qie object, with that emitted by a standard light source 
(electric lamp). Thermo-electric pyrometers operate on the same principle 
as thermocouples. When measuring high temperatures, it is customary to 
hold the cold junction at room temperature and this may c^use some error 
if the room temperature is above or below the calibration point. For 
extremely precise temperature measurements, the cold junction is us^ually 
immersed in melting ice to fix the cold junction temperature. Various 
forms of hand-operated and automatic cold junction temperature com- 
pensators are also available. 

In the measuring of room temperatures care must be exercised to pre- 
vent the results from being affected by the body heat of the observer, 
by drafts from doors, windows and other openings, or by radiant heat 
from some local source such as a radiator or wall. All glass thermometers 
should be mercury thermometers with engraved stems. The total gradua- 
tions of the thermometers should be from 20 to 120 F, in one degree 
graduations. No ten degrees should occupy a space of less th^ one-half 
inch. The accuracy throughout the whole scale must be within one-half 
degree. The operator should take hold of the top and no part of the body, 
including the hand, should be nearer than 10 in. to the bulb. The 
thermometer should not be closer than 5 ft to any door, window, or other 
opening; should not be closer than 12 in. to any wall; and should be 
between 3 and 5 ft from the floor. A sling instrument should be used for 
extreme accuracy. Thermocouples or resistance thermometers may also 
be used for room temperature measurements, an advantage being that the 
operator can read temperatures from outside the room if desired, and thus 
eliminate the errors which might be caused by his presence close to the 
temperature measuring device. 

For measuring duct temperatures a duct thermometer should be used, 
with the bulb extending into the duct at least 6 in. When the thermo- 
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meter is to be permanently located in the duct, a pipe flange or nipple 
should be used to receive the threaded portion of the thermometer stem. 
When the thermometer is not to be permanently located, a cork or rubber 
stopper may be placed around the stem to prevent errors from air leakage. 
Readings should be taken at various locations in a duct so due con- 
sideration may be given to temperature stratification. ^ Other forms of 
temperature measuring devices may be used, but the active part must be 
at least 6 in. from the duct wall. 

Recording instruments may be used for testing and for making con- 
tinuous records of operation. Potentiometer and Wheatstone bridge 
recorders for thermocouples and resistance thermometers respectively 
may have accuracies of 3^ per cent of their range, or, for example, to 
1 F in a range of 0 to 300 F. This accuracy compares favorably with 
that of other forms of temperature measuring devices. 

AIR MOVEMENT MEASUREMENT 

The quantity, velocity and pressure of air moved by a fan or flowing 
through a duct or grille may be determined by various methods. The 
instruments in common use are the Pitot tube, anemometer, direct 
reading velocity meter, and Kata-thermometer, the latter being suitable 
for low air velocities and being commonly used for measurements at 
points where the air is not confined in a duct. Electrical anemometers are 
also available, operating on the principle of measurement of the variation 
of resistance of a hot wire cooled to various degrees by air velocities past 
the wire. The use of calibrated nozzles, orifice plates, and Venturi meters 
are recognized methods, which, however, have little application in con- 
nection with ventilation practice, 

Pitot Tube 

This usually consists of two tubes, one within the other, which when 
properly held in the air stream will register the total or impact pressure 
and the static pressure, respectively. If these tubes are connected to 
opposite sides of a water column, or other type of manometer, the recorded 
pressure will be the differential or velocity pressure. Volume measure- 
ments may thus be made in a duct of known area. Pitot tube measure- 
ments are preferably used for air velocities exceeding 20 fps. Volumetric 
determinations from Pitot tube readings should take into account the 
barometric pressure and the temperature and humidity of the air measured. 

Air flow in ventilation practice is generally in the turbulent range. 
When stratification of velocity, vortex motion, or violent eddy currents 
of air in ducts exist, accurate velocity pressure measurements are difficult. 
To insure^ accuracy a straight section of duct from 6 to 10 times its own 
diameter is desirable in order to straighten out the air currents. If it is 
necessary to take Pitot tube readings in shorter sections of straight duct, 
the results must be considered subject to some doubt and checked accor- 
dingly. For accurate work it is necessary to make a traverse of the duct, 
dividing its cross^ section into a number of imaginary equal areas and 
taking a reading in the center of each, the average of the velocities cor- 
responding to these pressures giving the true velocity in the duct. 
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Anemometer 

This instrument is delicate, and requires frequent calibration when 
accuracy is desired. The vanes of the instrument should never be 
touched and it should never be held in air having a velocity greater than 
that for which it is calibrated. Readings taken directly in a fan inlet or 
discharge arc likely to harm the instrument because of excessive velocities. 
In duct measurements the same procedure is followed as for the Pitot 
tube. The anemometer usually reads directly in linear feet. To obtain 
the velocity in feet per minute, the reading must be divided by the 
elapsed time in minutes. 

The following procedure for obtaining anemometer readings is based 
on research conducted at Armour Institute of Technology in cooperation 
with the A.S.H.V.E. Research Laboratorjr®. 

Supply Grilles, The surface of the grille should be marked off into a 
number of equal areas approximately 6 in. square. A 4-in. anemometer 
should be used and should be held at the center of each section in contact 
with the grille (or as close as possible) for a period of time sufBdent to 
insure an average reading. In the case of supply grilles, the instrument 
should always be held with the dial facing the operator. The average of 
the corrected readings should then be used in the following formula to 
obtain the flow in cubic feet per minute: 


where 




. CVA (1 + P) 


V » average of corrected anemometer readings, feet per minute 
A * gross area of grille, square feet. 
a ** net free area of grille, square feet. 
p w percentage of free area of grille expressed as a decimal. 

C ■■ a coefficient that vanes with the velocity from grille and may vary slightly 
with type of grille For average use, with supply grilles, C can be taken 
as 0.97 at velocities from 150 to 600 fpm, and as 1 00 at higher velocities. 


Particular care should be exercised in the case of long, narrow grilles. 
The nature of the approach sometimes results in there being a narrow 
strip along the top or bottom of the grille through which no air will be 
flowing. This may be detected by holding the anemometer completely 
out of the air stream and then moving it slowly inward over the grille until 
the vanes just start to move. The distance which the vanes extend over 
the grille opening at this moment will indicate the width of the dead strip. 
Only the remaining portion of the grille should be considered in making 
the calculations for gross and free area. 

Exhaust Grilles, The surface of the grille should be marked off and 
readings taken in the same manner as with supply grilles, except that the 
instrument should be held with the dial facing the grille, and in contact 
with it. The traverse should be taken at a uniform rate, allowing suf- 
ficient time in each space to minimize the percents^e of error. In the case 
of exhaust grilles it is found that the formula 

cfm = KVA (3) 


•Mefcaurement of Flow of Air through Regiaters and Gnllea, by L E Davies (A S H V E Transactions, 
Vol. 36, 1980, Vol 37, 1931, and Vol 30, 1933) 
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in which 

V — average indicated velocity obtained by the anemometer traverse. 

A « gross area of gnlle, square feet. 

K = coefficient determined by experiment. For average use, with exhaust grilles, 
K may be taken as 0.8 for all usual veloaties. 

This formula is of advantage, especially with ornamental grilles, in 
that the free area need not be measured. 

The flow of air through registers and grilles is of considerable impor- 
tance, being frequently the only convenient method of measuring the 
volume of supply air to a room. While duct measurements, if available, 
are more dependable, grille measurements provide a fairly accurate 
method, if care is taken in the technique of using the anemometer. 

Eata-Thennometer 

The Kata-thermometer can be used to determine air velocities pro- 
vided the walls and surrounding objects are at or near the room tem- 
perature- Especially at low velocities it constitutes a useful instrument 
for readily detecting drafts. 

The instrument is essentially an alcohol thermometer with a bulb 
approximately % in. in diameter and 14 in. long with a stem 8 in. long 
reading from 100 F to 96 F, graduated to tenths of a degree. To take 
readings the bulb is heated in water until the alcohol expands and rises 
into a top reservoir. The time in seconds required for the liquid to 
fall from 100 F to 95 F is recorded with a stop watch and this time is a 
measure of the rate of cooling. 

The dry Kata loses its heat by radiation and by convection so for 
constant velocities the time of cooling is a function of the dry-bulb tem- 
perature of the surrounding air. The wet Kata, which has a cloth covering 
fitted snugly around its bulb, loses heat by radiation, convection, and 
evaporation, and for constant velocities its rate of cooling is a function of 
the wet-bulb temperature of the air irrespective of the dry-bulb tem- 
perature or relative humidity. It does not follow, however, that the 
difference in rate of cooling of the dry and the wet Kata is caused by 
evaporation. A change in the wet-bulb temperature produces a change in 
the surface temperature of the wet Kata which in turn ajBFects the heat 
lost by radiation and by convection. 

Several precautions should be taken to obtain the best results with this 
instrument: 

1. To obtain velocity readings use the dry Kata since the error in timing is reduced. 

2. 'Hie instrument should be heated and allowed to cool two or three times before 
recording the final time of cooling The first reading is not reliable 

3 All trac^ of moisture must be removed from the dry Kata before timing to eli- 
minate error introduced by evaporation. 

4. Use only the formula applying to a particular instrument. Each Kata receives an 
individual calibration. 


HUMIDITY MEASUREMENT 

The sling psychrometer is the reco^ized standard instrument for 
determining humidities. In order to obtain accurate readings considerable 
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skill is required on the part of the operator. The wicking and water must 
be clean and the temperature of the water should be slightly above the 
wet-bulb temperature of the surrounding air. The psychrometer should 
be swung rapidly and several and frequent observations should be made 
to see that the wet-bulb temperature has become stationary before the 
final reading is noted. Care should be taken that the wet-bulb has 
reached a minimum temperature, but the wick must still be moist. 
Standard psychrometric tables should be used^ 

In making wet-bulb measurements below 32 F the same procedure is 
followed as above 32 F. The water is liquid at the start, but as the sling 
is operated it will freeze rapidly enough so that in quicldy giving up the 
latent heat of fusion, the indicated wet-bulb temperature may drop 
below the actual wet-bulb temperature. After the liquid on the bulb has 
become thoroughly frozen the wet-bulb temperature will rise to normal. 
A very thin film of ice is more desirable than a thick film. Care must be 
taken to read the temperatures in the region below 32 F accurately 
because the spread between the wet- and dry-bulb is small. 

In taking humidity readings in ducts it is usually impracticable to use 
a sling psychrometer. For this work the stationary hygrodeik arranged 
for bolting on to the side of the duct, with two bulbs extending into the 
duct, will be found very convenient. Owing to the velocity of the air 
passing over the bulbs within the duct an accurate reading will be secured, 
corresponding to that given by the sling psychrometer. 

Various forms of humidity recorders are available, some merely re- 
cording wet- and dry-bulb temperatures, and others recording relative 
humidity directly. Any form of wet- and dry-bulb device must have 
sufficient air velocity over the thermometer bulbs to insure accurate 
readings; this velocity should be secured by a fan if the air is not itself in 
motion, as in a duct. For extremely low humidities, or for humidity 
measurements above 212 F, a thermal conductivity method is available^. 

CARBON DIOXIDE DETERMINATION® 

At ordinary concentrations carbon dioxide is not harmful. The amount 
of carbon dioxide in the air is a convenient index of the rate of dr supply, 
and of tlxe distribution of the dr within rooms. Unequal carbon dioxide 
concentrations in parts of a room indicate improper dr distribution. 

The Petterson-Palmquist apparatus has been generdly accepted as the 
standard device for the determination of carbon dioxide in air investiga- 
tions. The principle involved is the measurement of a given volume of 
dr, the absorption of the contdned carbon dioxide in a caustic potash 
solution, and the remeasurement of the volume of dr at the original 
pressure in a finely graduated capilla^ tube, the difference in volume 
representing the absorbed carbon dioxide. (See Report of Committee on 
Standard Methods for Examination of Air, American Public Health Asso^^ 
ciation, Vol. 7,, No. 1; American Journal oj Public Health, Jan., 1917.) 


^Psychrometnc Tables for Vapor Pressure, Relative Humidity and Temperatures of the Dew Point; 
U. S Department of Agncidture, Weather Bureau, Washington, D C 

«Gaa Analysis by Measurement of Thermal Conductivity, H A Daynes, Cambridge Press, 1933 
•Indices of Air Changes and Air Distnbution, by F C Houghten and J L Blackshaw (A S H V E 
Taansactione, Vol 39, 1983) 
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A thermal conductivity method may also be used to measure carbon 
dioxide in air over a range of 0 to 1.5 per cent^. 

Where field conditions are such that this apparatus may not be con- 
veniently used, as in street cars, air samples may be collected in clean 
bottles having mercury-sealed rubber stoppers, and these may be sub- 
jected to laboratory analysis. 

DUST DETERMINATION 

Many laboratory methods have been developed to measure the dust in 
the air. These involve the collection of dust on sticky plates, on filter 
paper, in water, on porous crucibles, or by electric precipitation, and the 
subsequent determination of the amount of dust by microscopic counting, 
weighing, or titration. While there is no standard method, the Hill 
dust-counter, using a microscope, the impinger®, using chemical changes 
in water, and the Lewis sampling tube^ involving the analytical weighing 
of a porous crucible, are accepted. All test results should be accompanied 
by the name of the instrument used as great variation in counts with the 
different instruments will be obtained. The American Society of 
Heating and Ventilating Engineers has developed a code^® for the 
testing and rating of air cleaning devices used in general ventilation work. 

FLUE GAS ANALYSIS 

The analysis of flue gases by chemical means is made with the Orsat 
apparatus. A solution of KOH is used to absorb the C0%. Free oxygen is 
absorbed by a mixture of pyrogallic add and KOH. The solution for 
absorbing the CO is cuprous chloride. The apparatus consists of a 
burette surrounded by a water jacket, to receive and measure the volume 
of gas. The burette is connected by a manifold of glass to pipettes con- 
taining liquids for absorbing €0%, O 2 and CO. 

Various forms of automatic indicating and recording gas analysis 
devices are available, operating on either chemical or physical principles. 
Such devices are convenient for plant operation. 

MEASUREMENT OF SMOKE DENSITY 

Relative smoke density is usually measured by comparison with the 
Ringelmann Chart (Fig. 1). In making observations of the smoke issuing 
from a chimney, four cards ruled like those in Fig. 1, together with a card 
printed in solid black and another left entirely white, are placed in a 
horizontal row and hung at a point 60 ft from the observer and con- 
veniently in line with the chimney. At this distance, the lines become 
invisible, and the cards appear to be of different shades of gray, ranging 
from very Jight gray to almost black. The observer glances from the 
smoke coming from the chimney to the cards, which are numbered from 
0 to 5, determines which card most nearly corresponds with the color of 
the smoke, and makes a record accordingly, noting the time. Observa- 


nx)c Cit Notes 

»Pubhe Health BuUettn, No 144, 1926, U. S. Public Health Service. 

!|Te®*“y[ Rating of Air aeanmg Devices Used for General Ventilation Work, by Samuel R Lewis 
(A. S H V E. Transactions, Vol 39, 1938) 

Standard Code for Testing and Rating Air Cleaning Devices Used in General Ventilation 
Work (A S H.V E. Transactions, Vol^, 1938) 
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tions are made continuously dunng one minute, and the estimated average 
density dunng that minute recorded. The average of all the records 
made during a boiler test is taken as the average figure for the smoke 
density during the test, and the entire record is plotted on cross-section 
paper in order to show how the smoke varied in density from time to time. 

Smoke Recorders 

Snioke recorders are available which give a much more accurate in- 
dication of the amount of smoke being produced than does the Ringel- 
mann Chart. They all depend upon projecting a beam of light through 
the smoke flue or through a separate compartment from which a sample of 
the flue gas is drawn continuously. The light of the beam which passes 


Fig. 1. Ringelmann Smoke Chart 

through without being absorbed by the smoke is measured to determine 
the smoke density. Most of these instruments make use of a photo- 
electric cell or a thermopile to measure the relative amount of light which 
has not been absorbed. Standard electrical instruments serve for in- 
dicating or recording. 

MEASUREMENT OF RATE OF HEAT TRANSMISSION 

The standard methods of testing built-up wall sections are by means of 
the guard^ hot-box^^ and the guarded hot-plate^K The Nicholls heat-flow 
meter^^ may be used for testing actual walls of buildings. 

It would be obviously impossible to determine the air-to-air heat trans- 
mission coefficients of every type of wall construction in use with the 
heat-flow meter, the guarded hot-box or the guarded hot-plate on account 
of the great amount of time involved. Hence, the method of computing 
the coefficients from the fundamental constants must be resorted to in 
most cases. The guarded hot-plate is used to determine the fundamental 
constants. The heat-flow meter, guarded hot-box and guarded hot-plate 
tests can be used to good advantage in checking the accuracy of the 
computed values. 

^tandaxxl Code for Heat Tranamiasion through Walls (ASH V.E Tsansactzo2^. Vol 34. 1928) and 
Report of the Comnuttec on Heat Tranamiasion. Nattonal Research Council 

»Meaaunng Heat Tranamiasion in Building Structures and a Heat Transnunion Meter, by P. 
Nicholla (A.S H V E Transactions, VoI 30, 1924) 
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If the hot-box or hot-plate methods are used, tests are usually run under 
still air conditions, which means there is no wind movement over the 
surfaces of the wall during the test. In the hot-plate method of test the 
inside surface coefficient is eliminated by the plate's being in direct contact 
with the wall. In practice, some wind movement over the exterior surface 
of the wall should always be allowed for; hence, still-air coefficients cannot 
be used over the outside of the building during the heating season. 
Moreover, still-air transmission coefficients cannot be corrected to provide 
for moving-air conditions by applying a single constant factor. Computed 
cx)efficients of transmission for vanous types of construction are given 
in Chapter 6. 


EUPATHEOSCOPE 

The eupatheoscope affords a means of evaluating the combined effect of 
radiation and convection in a given environment in terms of a standard 
environment and in some terms related to human comfort. See Chapter 
38. 


PROBLEMS IN PRACTICE 

1 • What is the corrected barometric pressure of the atmosphere at 32 F wheu 
a mercurial barometer reading of 29-51 in. Hg, is determined in a room having 
a temperature of 91 F? 

Substitute in Equation 1 h = 29.51 [1 - 0.000101 (91 - 32)], 
k = 29 33 in Hg 

2 • What advantages other than its sensitiveness, has the U-tube draft gage or 
manometer for measurement of low pressures? 

Inherent accuracy without calibration and low cost of the essential parts, which are 
glass tubing and an ordinary scale 

3 • Are thermocouples as accmate as mercury thermometers? 

Within the range which can be measured with both instruments (below 1000 F) either 
one may be made as sensitive as the service requires The accuracy of a thermocouple 
temperature measurement depends chiefly on (1) an accurate calibration of the wire, 
(2) the sensitiveness of the dectncal instrument, (3) accurate cold-]unction control, 
and (4) proper placement of the sensitive junction 

4 • Wheu au auemometer is used for measuring the air discharged from a 
grille or register, does it read the velocity through the gross face area or the 
velocity through the net free area? 

Neither. If either of these velocities is required, it should be calculated by means of 
Equation 2, 

5 • Do common errors made in humidity determination produce a result that 
is too high or too low? 

A higher relative humidity than the true value is likely to be found, either because there 
is insufficient velocity over the wet-bulb or because the reading is not taken at the right 
time. 

6 • What is the purpose of the carbon dioxide determination? 

It is an index of the adequacy of fresh air supply and also an indicator of air distribution 
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TERMINOLOGY 


Glossary of Physical and Heating, Ventilating and Air Conditioning 
Terms Used in the Text, Standard Abbreviations, Conversion 
Equations, Drafting Symbols, A.S.H,V,E, Codes 

Absolute Humidity: See Humidity. 

Absolute Pressure: The sum, at any particular time, of the gage 
pressure and the atmospheric pressure. 

Absolute Temperature: The temperature of a substance measured 
above absolute zero. 

Absolute Zero: The temperature (—459.6 F) at which the molecular 
motion of a substance theoretically ceases. This is the temperature at 
which the substance theoretically contains no heat energy. 

Acceleration: The rate of change of velocity. In the fps system 
this is expressed in units of one foot per second per second. 

V 


Acceleration Due to Gravity : The rate of gain in velocity of a freely 
falling body. In the fps system this is 32.174 ft per second per second. 

Adiabatic: An adjective pertaining to or designating variations in 
volume or pressure not accompanied by gain or loss of heat. When a 
substance undergoes adiabatic expansion, since it does not receive heat 
from without, the work which it does is at the expense of its internal 
energy, and therefore its temperature falls; similarly, when it is adia- 
batically compressed its temperature rises. 

Adsorption: The adhesion of the molecules of gases or dissolved sub- 
stances to the surfaces of solid bodies, resulting in a concentration of the 
gas or solution at the place of contact. 

Air Cleaner: A device designed for the purpose of removing air-borne 
impurities such as dusts, fumes and smokes. (Air cleaners include air 
washers and air filters.) 

Air Conditioning: The simultaneous control of all or at least the first 
three of those factors affecting both the physical and chemical conditions 
of the atmosphere within any structure. These factors include tempera- 
ture, humidity, motion, distribution, dust, bacteria, odors, toxic gases, 
and ionization, most of which affect in greater or lesser degree human 
health or comfort. 
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Air Infiltration: The inleakage of air through cracks and crevices, 
and through doors, windows and other openings, caused by wind pressure 
or temperature difference. 

Air Inlet and Air Outlet: Used to designate that point or location 
in an air handling device or system where air enters or leaves. These 
terms are misleading and meaningless standing by themselves; must be 
accompanied by other words to designate location, space, or device which 
the air is entering or leaving. Thus, atr tnlet to a room may be opening 
in end of a duct leading from the air outlet of a fan. 

Air Washer: An enclosure in which air is forced through a spray of 
water in order to cleanse, humidify, or dehumidify the air. 

^ Anemometer : An instrument for measuring the velocity of moving 
air. 

Altoospheric Pressure: The pressure exerted by the atmosphere in 
dl directions, as indicated by a barometer. Standard atmospheric pressure 
is considered to be 14.7 lb per square inch, which is equivalent to 29.92 in. 
of mercury. 

BafiBie: A plate or wall for deflecting gases or fluids. 

Blast: This word was formerly used to denote forced air circulation, 
particularly in connection with central fan systems using steam or hot 
water as the heating medium. As applied in this sense, the word blast 
is now obsolete. 

Boiler : A closed vessel in which steam is generated or in which water is 
heated. 

Boiler Heating Surface: That portion of the surface of the heat- 
transfer apparatus in contact with the fluid being heated on one side and 
the gas or refractory being cooled on the other, in which the fluid being 
heated forms part of the circulating system ; this surface shall be measured 
on the side receiving heat. This includes the boiler, water walls, water 
screens, and water floor. {A.S.MM, Power Test Codes, Series 1929.) 

Boiler Horsepower: The equivalent evaporation of 34.5 lb of water 
per hour from and at 212 F. This is equal to a heat output of 970.2 X 

34.5 = 33,471.9 Btu per hour. 

British Thermal Unit: The mean British thermal unit is -q- of the 

loO 

heat required to raise the temperature of 1 lb of water from 32 F to 212 F. 
It is substantially equal to the quantity of heat required to raise 1 lb of 

water from 63 F to 64 F. One Btu = „}, ■ kwhr. 

3415 

By-pass: A pipe or duct, usually controlled by valve or damper, for 
short-circuiting fluid flow. 

Calorie: The mean calorie is of the heat required to raise the 

temperature of 1 gr^ of water from Zero C to 100 C. It is substantially 
equal to the quantity of heat required to raise one gram of water from 

14.6 C to 16.5 C. 

Central Fan Syst^: A mechanical indirect system of heating, 
ventilating, or air conditioning, in which the air is treated or by 
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equipment located outside the rooms served, usually at a central location, 
and is conveyed to and from the rooms by means of a fan and a system of 
distribution ducts. See Chapters 9 and 10. 

Chimney E£Fect: The tendency in a duct or other vertical air passage 
for air to rise when heated, owing to its decrease in density. 

Coefficient of Transmission : The amount of heat (Btu) transmitted 
from atr to air in one hour per square foot of the wall, floor, roof or ceiling 
for a difference in temperature of 1 F between the air on the inside and that 
on the outside of the wall, floor, roof or ceiling. 

Column Radiator: A type of direct radiator. This radiator has not 
been listed by manufacturers since 1926. 

Comfort Line: The effective temperature at which the largest per- 
centage of adults feel comfortable. 

Comfort Zone (Average): The range of effective temperatures over 
which the majority (60 per cent or more) of adults fed comfortable. 
Comfort Zone (Extreme): The range of effective temperatures over which 
one or more adults feel comfortable. (See Chapter 3.) 

Concealed Radiator: A heating device located within, adjacent to, 
or exterior to the room being heated but so covered or enclos^ or con- 
cealed that the heat transfer surface of the device, which may be either 
a radiator or a convector, does not see the room. Such a device transfers 
its heat to the room largely by convection air currents. 

Conductance: The amount of heat (Btu) transmitt^ from surface 
to surface in one hour through one square foot of a material or construc- 
tion, whatever its thickness, when the temperature difference is 1 F 
between the two surfaces. 

Conduction: The transmission of heat through and by means of 
matter unaccompanied by any obvious motion of the matter. 

Conductivity: The amount of heat (Btu) transmitted in one hour 
through one square foot of a homogeneous material 1 in. thick for a 
difference in temperature of 1 F between the two surfaces of the material. 

Conductor (heat): A material capable of readily conducting heat 
The opposite of an insulator or insulation. 

Constant Relative Humidity Line: Any line on the psychrometric 
chart representing a series of conditions which may be evaluated by one 
percentage of relative humidity, there ^e also constant dry-bulb lines, 
wet-bulb lines, effective temperature lines, vapor pressure lines, and 
lines showing other physical properties of air mixed with water vapor. 

Control: Any manual or automatic device for the regulation of a 
machine to keep it at normal operation. If automatic, it is considered 
that the device is motivated by variations in temperature, pressure, 
time, light, or other influences. 

Convection: The transmission of heat by the circulation of a liquid 
or a gas such as air. Convection may be natural or forced. 

Convector: A heat transfer surface designed to transfer its heat to 
surrounding air largely or wholly by convection currents. Such a surface 
may or may not be enclosed or concealed. When concealed and enclosed 
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the resulting device is sometimes referred to as a concealed radiator. 
(See also definition of Radiator. See also Chapter 30.) 

Corrosive: Having the power to wear away or gradually change the 
texture or substance of a material. 

Decibel: The standard unit for noise or sound intensity. One decibel 
is equal to ten times the logarithm to the base e of the ratio of the sound 
intensities. 

De^ee-Day: A unit, based upon temperature difference and time, 
used in specifying the nominal heating load in winter. For any one day 
there exist as many degree-days as there are degrees Fahrenheit dif- 
ference in temperature between the average outside air temperature, 
taken over a 24:-hour period, and a temperature of 65 F. 

Debumidify : To remove water vapor from the atmosphere; to 
remove water vapor or moisture from any material. 

Density: The weight of a unit volume, expressed in pounds per cubic 
foot, d = 

Dew-Point Temperature : The temperature corresponding to satura- 
tion (100 per cent rdative humidity) for a given moisture content. 

Diffuser: A vaned device placed at an air supply opening to direct the 
air flow. 

Direct-Indirect Heating Unit: A heating unit located in iJie room 
or space to be heated and partially enclosed, the enclosed portion being 
used to heat air which enters from outside the room. 

Direct Radiator: Sz.m& os Radiator, 

Direct-Return System {Hot water): A hot water system in which the 
water, after it has passed through a heating unit, is returned to the boiler 
along a direct path so that the total distance traveled by the water is the 
shortest feasible, and so that there are considerable differences in the 
lengths of the several circuits composing the system. 

Down-Feed One-Pipe B^er {Steam): A pipe which carries steam 
downward to the heating units and into which the condensation from the 
heating units drains. 

Down-Feed System {Steam): A steam heating system in which the 
supply mains are above the level of the heating units which they serve. 

Draft Head {Side Oudet Enclosure): The height of a gravity convector 
between the bottom of the heating unit and the bottom of the air outlet 
opening. 

Draft Head {Top Outlet Enclosure): The height of a gravity convector 
between the bottom of the heating unit and the top of the enclosure. 

Drip: A pipe, or a steam trap and a pipe, considered as a unit, which 
conducts condensation from the steam side of a piping system to the 
water or return side of the system. 

Dry Air: Air with which no water vapor is mixed. This term is used 
comparatively, since in nature there is always some water vapor included 
in air, and such water vapor, being a gas, is dry. 
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Dry-Bulb Temperature: The temperature of the air indicated by 
any type of thermometer not affected by the water vapor content or 
relative humidity of the air. 

Dry Return: A return pipe in a steam heating system which carries 
both water of condensation and air. The dry return is above the level 
of the water line in the boiler in a gravity system. See Wet Return, 

Dust: Solid material in a finely divided state, the particles of which 
are large and heavy enough to fall with increasing velocity, due to gravity 
in still air. For instance, particles of fine sand or grit, the average 
diameter of which is approximately 0.01 centimeter, such as are blown 
on a windy day, may be called dust. 

Dynamic Head or Pressure: The total or impact pressure. This is 
the sum of the radial pressure and the velocity pressure at the point of 
measurement. 

Effective Temperature: An arbitrary index of the degree of warmth 
or cold felt by the human body in response to temperature, humidity, 
and movement of the air. Effective temperature is a composite index 
which combines the readings of temperature, humidity, and air motion 
into a single value. The numerical value of the effective temperature 
scale has been fixed by the temperature of saturated air which induces an 
identical sensation of warmth. 

Enthalpy: Total heat or thermal potential. 

Entropy: A ratio, evaluated for practical purposes by dividing the 
heat content of a unit weight of a substance by its absolute temperature. 
Useful in examining changes during a heat cycle. Entropy is constant 
during a reversible adiabatic change of state. 

Equivalent Evaporation: The sunount of water a boiler would 
evaporate, in pounds per hour, if it received feed water at 212 F and 
vaporized it at the same temperature and atmospheric pressure. 

Estimated Design Load: The load, stated in Btu per hour or equiv- 
alent direct radiation, as estimatedby the purchaser for the conditions of 
inside and outside temperature for which the amount of installed radiation 
was determined. It is the sum of the heat emission of the radiation to be 
actually installed plus the allowance for the heat loss of the connecting 
piping plus the heat requirement for any apparatus requiring heat con- 
nected with the system. (A.S.H.V.E. Standard Code for Rating Steam 
Heating Solid Fuel Hand-Fired Boilers — edition of April 1932.) 

Estimated Maximum Load: Construed to mean the load stated in 
Btu per hour or equivalent direct radiation that has been estimated by 
the purchaser to be the greatest or maximum load that the boiler will be 
called upon to carry. (A.S.H.V.E. Standard Code for Rating Steam 
Heating Solid Fud Hand-Fired Boilers — edition of April 1932.) 

Extended Heating Surface: See HeaPmg Surface. 

Extended Surface Heating Unit: A heating unit having a relatively 
large amount of extended surface which may be integral with the core 
containing the heating medium or assembled over such a core, making 
good thermal contact by pressure or by being soldered to the core or by 
both pressure and soldering. An extended surface heating unit is usually 
placed within an enclosure and therefore functions as a convector. 
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Fan Furnace System: See Warm Air Heating System. 

Force: The action on a body which tends to change its relative con- 

WV 

dition as to rest or motion. F = — 7-. 

gt 

Fumes: Particles of solid matter resulting from such chemical pro- 
cesses as combustion, explosion, and distillation, ranging from 0 1 to 1.0 
micron in size. 

Furnace: That part of a boiler or warm air heating plant in which 
combustion takes place. Also, a firepot. 

Furnace Volume {total): The total furnace volume for horizontal- 
return tubular boilers and water-tube boilers is the cubical contents of the 
furnace between the grate and the first plane of entry into or between 
tubes. It therefore includes the volume behind the bridge wall as in 
ordin^ horizontal-return tubular boiler settings, unless manifestly in- 
effective (i.s., no gas flow taking place through it), as in the case of waste- 
heat boilers with auxiliary coal furnaces, where one part of the furnace is 
out of action when the other is being used. For Scotch or other internally 
fired boilers it is the cubical contents of the furnace, flues and combustion 
chamber, up to the plane of first entry into the tubes. Power 

Test Codes, Series 1929 .) 

Gage Pressure: Pressure measured from atmospheric pressure as a 
base. G^e pressure may be indicated by a manometer which has one leg 
connected to the pressure source and the other exposed to atmospheric 
pressure. 

Grate Area: The area of the grate surface, measured in square feet, 
to be used in estimating the rate of burning fuel. This area is construed 
to mean the area measured in the plane of the top surface of the grate, 
except that with special furnaces, such as those having magazine feed, or 
special shapes, the grate area shall be the mean area of the active part of 
the fuel bed taken perpendicular to the path of the gs^es through it. 
For furnaces having a secondary grate, sudi as those in double-grate 
down-draft boilers, the effective area shall be taken as the area of the 
upper grate plus one-eighth of the area of the lower grate, both areas 
being estimated as defined above. (A.S.H.V.E. Standard and Short 
Form Heat Balance Codes for Testing Low-Pressure Steam Heating 
Solid Fuel Boilers.) ^ 

Gravity Warm Air Heating System: See Warm Air Heating System. 

Grille: A perforated covering for an air inlet or outlet usually made 
of wire screen, pressed steel, cast-iron or plaster. Grilles may be plain 
or ornamental. 

Heat: A form of energy generated by the transformation of some other 
form of energy, as by combustion, chemical action, or friction. Accord- 
ing to the molecular theory, heat consists of the kinetic and potential 
energy of the molecules of a substance. The addition of heat energy to a 
body increases the temperature or the kinetic energy of motion of its 
molecules {sensible heat) or increases their potential energy of position but 
does not increase the temperattire, as when melting or boiling occurs 
{latent heat). 
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Heat Capacity: The amount of heat (Btu or calories) required to 
raise the temperature of a body of any mass and variety of parts one 
degree (Fahrenheit or centigrade). This will depend on the masses and 
specific heats of the various parts of the body. 

Therefore 

5 = mi f I + «j Sj + Ml . . . etc. 
where 

S is the heat capaaty and mi, mi, mi, and ^i, ft, st stand for the masses and cor- 
responding specific heats of the parts, respectively 

Heating Medium: A substance such as water, steam, air, electricity 
or furnace gas used to convey heat from the boiler, furnace or other source 
of heat or energy to the heating unit from which the heat is dissipated. 

Heating Surface: The exterior surface of a heating unit. Extended 
heating surface (or extended surface): Heating surface having air on both 
sides and heated by conduction from the prime surface. Prime Surface: 
Heating surface having the heating mediuin on one side and air (or 
extended surface) on the other. (See also Boiler Heating Surface.) 

Heat of the liquid: The sensible heat of a mass of liquid above an 
arbitrary zero. 

Horsepower: A unit to indicate the time rate of doing work equal to 
650 ft-lb per second or 33,000 ft-lb per minute. (One horsepower = 
745.8 watts. In practice this is considered 746 watts.) 

Hot Water Heating System: A heating system in which water is 
used as the medium by which heat is carried through pipes from the boiler 
to the heating units. 

Htmnidify: To add water vapor to the atmosphere; to add water 
vapor or moisture to any material. 

Humidity: The water vapor mixed with dry air in the atmosphere. Ab- 
solute humidity refers to the weight of water vapor per unit volume of space 
occupied, expressed in grains or pounds per cubic foot. Specific humidity 
refers to the weight of water vapor in pounds carried by one pound of 
dry air. Relative humidity is a ratio, usually expressed in per cent, used to 
indicate the degree of saturation existing in any given space resulting 
from the water vapor present in that space. Relative humidity is either 
the ratio of the actual partial pressure of the water vapor in the air to the 
saturation pressure at the dry-bulb temperature, or the ratio of the actual 
density of the vapor to the density of saturated vapor at the dry-bulb 
temperature. The presence of air or other gases in the same space at the 
camp time has nothing to do with the relative humidity of the space. 

Humidistat: A regulatory device, actuated by changes in humidity, 
used for the control of humidity. 

Hygrostat: Same as Humidistat. 

Inch of Water: A measure of pressure which refers to the difference 
in the heights of the legs of a water filled manometer. 

TTiaiilntinTi (heat): A material having a rdatively high heat-resistance 
per unit of thiiiness. 

Ispbaric: An adjective used to indicate a change taking place at con- 
stant pressure. 
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Isothermal: An adjective used to indicate a change taking place at 
constant temperature. 

Latent Heat: See Heat, 

Laws of Thermodynamics ; The first law states that the total energy 
of an isolated system remains constant and cannot be increased or dimini- 
shed by any physical process whatever. The second law states that no 
change in a system of bodies that takes place of itself can increase the 
available energy of a system. 

Manometer: An instrument for measuring pressures, essentially a 
U-tube partially filled with a liquid, usually water, mercury, or a light 
oil, so the amount of displacement of the liquid indicates the pressure 
being exerted on the instrument. 

Mass: The quantity of matter, in pounds, to which the unit of force 
(one pound) will give an acceleration of one foot per second per second. 

W 

m = — . 
g 

Mb, Mbh^: Symbols which represent, respectively, 1000 Btu and 
1000 Btu per hour 

Mechanical Equivalent of Heat: The mechanical energy necessary 
to produce 1 Btu of heat energy. J = 777.5 ft-lb. 

Micron: A unit of length, the thousandth part of one millimeter or 
the millionth of a meter. 

Mol: The unit of weight for gases. It is defined as in lb where m 
denotes the molecular weight of a gas. For any gas the volume of 
1 mol at 32 F and standard atmospheric pressure is 358.65 cu ft and the 
weight of a cubic foot is 0.002788 m lb. 

Neutral Zone: The level within a room or building at which the 
pressure is exactly equal to the outside barometric pressure. 

One-Pipe Supply Riser {steam): A pipe which carries steam upward 
to a heating unit and which also carries the condensation from the heating 
unit in a direction opposite to the steam flow. 

One-Pipe System {hot water) : A hot water system in which the water 
flows through more than one heating unit before it returns to the boiler; 
consequently, the heating units farthest from the boiler are supplied 
with cooler water than those near the boiler in the same circuit. 

One-Pipe System {steam): A steam heating system consisting of a 
main circuit in which the steam and condensate flow in the same pipe, 
usually in opposite directions. Ordinarily to each heating unit there is 
but one connection which must serve as both the supply and the return, 
although separate supply and return connections may be used. 

Overhead System: Any steam or hot water system in which the 
supply main is above the heating units. With a steam system the return 
must be below the heating units; with a water system, the return may 
be above the heating units. 

Panel Radiator: A heating unit placed on or flush with a flat wall 
surface and intended to function essentially as a radiator. 


^These symbols were api>roved by the AS KVE, June. 1933. 
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Panel Warming: A method of heating involving the installation of 
the heating units (pipe coils) within the wil, floor or ceiling of the room, 
so that the heating process takes place mainly by radiation from the wall, 
floor or ceiling surfaces to the objects in the room. 

Plenum Chamber: An air compartment maintained under pressure 
and connected to one or more distributing ducts. 

Potentiometer: An instrument for measuring or comparing small 
electromotive forces. 

Power: The rate of performing work, expressed in units of horse- 
power, one of which is equal to 550 ft-lb of work per second, or 33,000 ft-lb 
per minute. 

Prime Surface: See Heating Surface, 

Psychrometer: An instrument for ascertaining the humidity or 
hygrometric state of the atmosphere. Psychrometrtc:^ Pertaining to 
psychrometry or the state of the atmosphere as to moisture. Psychro- 
metry: The branch of physics that treats of the measurement of degree of 
moisture, especially the moisture mixed with the air. 

Pyrometer: An instrument for measuring high temperatures. 

Radiation: The transmission of heat through space by wave motion. 

Radiator ; A heating unit exposed to view within the room or space to 
be heated. A radiator transfers heat by radiation to objects "it can see" 
and by conduction to the surrounding air which in turn is circulated by 
natural convection ; a so-called radiator is also a convector but the single 
term radiator has been established by long usage. 

Recessed Radiator: A heating unit set back into a wall recess but 
not enclosed. 

Refrigerant : A substance which produces a refrigerating effect by its 
absorption of heat while expanding or vaporizing. 

Register: A grille with a built-in multiblade damper or shutter. 

Relative Humidity: See Humidity: see also discussion of relative 
humidity in Chapter 1. 

Return Mains : The pipes which return the heating medium from the 
heating units to the source of heat supply. 

Reversed-Retum System {hot water): A hot water heating system 
in which the water from several heating units is returned ^ong paths 
arranged so that all circuits composing the system or composing a major 
subdivision of the system are practically of equal length. 

Roof Ventilator: A device placed on the roof of a building to permit 
egress of air. 

Saturated Air: Air containing as much water vapor as it can hold 
without any condensing out; in saturated air, the partial pressure of the 
water vapor is equal to the vapor pressure of water at the existing tem- 
perature. 

Sensible Heat: Set Heat, 

Smoke: Carbon or soot particl^ less than 0.1 micron in size wWch 
result from the incomplete combustion of carbonaceous materials such as 
coal, oil, tar, and tobacco. 


795 




American Society of Heating and Ventilating Engineers Guide, 1937 


Smokeless Arch: An inverted baffle placed in an up-draft furnace 
toward the rear to aid in mixing the gases of combustion and thereby to 
reduce the smoke produced. 

Specific Gravity: The ratio of the weight of a body to the weight of 
an equal volume of water at some standard temperature, usually 39.2 F, 


Specific Heat: The quantity of heat, expressed in Btu, required to 
raise the temperature of 1 lb of a substance 1 F. 


Specific Volume: 
a substance. = -V 


The volume, expressed in cubic feet, of one pound of 


Split System: A system in which the heating and ventilating are 
accomplished by means of radiators or convectors supplemented by 
mechanical circulation of air (heated or unheated) from a central point. 

Square Foot of Heating Surface {equivalent): Equivalent direct 
radiation (EDR). By definition, that amount of heating surface which 
will give off 240 Btu per hour. The equtvalent square feet of heating 
surface may have no direct relation to the actual surface area. 

Stack Height: The height of a gravity convector between the bottom 
of the heating unit and the top of the outlet opening. 

Standard Air: As defined by A.S.H.V.E. codes, standard air is air 
weighing 0.07488 lb per cubic foot, which is mr at 68 F dry-bulb and 
50 per cent relative humidity with a barometric pressure of 29.92 in. of 
mercury. (Most en^neering tables and formulae involving the weight 
of air are based on air weighing 0.07492 lb per cubic foot, which is dry air 
at 70 F dry-bulb with a barometric pressure of 29.921 in. of mercury. The 
error involved in disregarding the difference between the above two 
weights is very slight and in most instances may be neglected.) 

Static Pressure: The compressive pressure existing in a fluid. It is 
a measure of the potential energy of the fluid. 

Steam; Steam is water vapor which exists in the vaporous condition 
because sufficient heat has been added to the water to supply the latent 
heat of evaporation and change the liquid into vapor Steam in contact 
with the water from which it has been generated may be dry saturated 
steam or wet saturated steam. The latter contains more or less actual 
water in the form of mist. If steam is heated, and the pressure main- 
tained the same as when it was vaporized, its temperature will increase 
and it will become superheated. 


Steam Heating System: A heating system in which heat is trans- 
ferred from the boiler or other source of steam to the heating units by 
means of steam at, above, or below atmospheric pressure. 

Steam Trap: A device for allowing the passage of condensate and 
preventing the passage of steam, or for allowing the passage of air as 
well as condensate. 


Superheated Steam: See Steam, 

Supply Mains {steam): The pipes through which the steam flows 
from the boiler or source of supply to the run-outs and risers leading to the 
heating units. 


796 




Chapter 44 — ^Terminology 


Surface Conductance: The amount of heat (Btu) transmitted by 
radiation, conduction, and convection from a surface to the air or liquid 
surrounding it, or vice versa, in one hour per square foot of the surface for 
a difference in temperature of 1 deg between the surface and the sur- 
rounding air or liquid 

Synthetic Air Chart: A chart for evaluating the air conditions 
maintained in a room. 

Therm: Symbol used in the gas industry representing 100,000 Btu. 

Thermal Resistance: The reciprocal of conductance. 

Thermal Resistivity: The reciprocal of conductivity. 

Thermodynamics: The science which treats of the mechanical 
actions or relations of heat. 

Thermostat: An instrument which responds to changes in tempera- 
ture and which directly or indirectly controls the source of heat supply. 

Ton of Refrigeration: The extraction of 12,000 Btu per hour. 

Ton Day of Refrigeration: The heat removed by a ton of refriger- 
ation operating for one day; 288,000 Btu. 

Total Heat: A thermodynamic quantity, variously called heat con- 
tent, thermal potential, enthalpy. It is the heat required per unit mass 
(Btu per pound) to raise a given substance to a given point from an arbi- 
trary datum point. It is the sum of the heat of the liquid, the latent 
heat, and any miscellaneous heat which may be present. 

Total Pressure: The sum of the static and velocity pressures in a 
fluid. It is a measure of the total energy of the fluid. 

Tube (or Tubular) Radiator: A cast-iron heating unit used as a 
radiator and having small vertical tubes. 

Two-Pipe System {steam or water): A heating system in whic* one 
pipe is used for the supply of the heating medium to the heating unit and 
another for the return of the heating medium to the source of heat 
supply. The essential feature of a two-pipe system is that each heating 
unit receives a direct supply of the heating medium which medium cannot 
have served a preceding heating unit. 

Underfeed Distribution System {hot water): A hot water heating 
system in which the main flow pipe is below the heating units. 

Underfeed Stoker: A stoker which feeds the coal underneath the fuel 
bed. 

Unit: As applied to heating, ventilating and air conditioning equip- 
ment this word means a factory-built and assembled equipment with 
apparatus for accomplishing some specified function or combination of 
functions. 

It is loosely applied to a great variety of equipment. Usu^y the 
function is included in the name, ^d hence come tenns like Unit Heater, 
Unit Ventilator, Humidifying Unit, and Air Conditioning Unit. 

Units are said to be direct, or room, when intended for location, or 
located in, the treated space; indirect, or remote, when outode or adjacent 
to the treated space. They are ceding units when suspended from above, 
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and floor when supported from below. Other descriptive words include 
free delivery when the unit is not intended to be attached to ducts or 
similar resistance-prbducing devices, and pressure when for use with such 
ducts. Complete description requires the use of several of these qualifying 
words or phrases. See Chapter 13. 

Up-Feed System {steam): A steam heating system in which the 
supply mains are below the level of the heating units which they serve. 

Vacuum Heating System: A two-pipe steam heating system equip- 
ped with the necessary accessory apparatus which will permit operating 
the system below atmospheric pressure when desired. 

Vapor: Any substance in the gaseous state. 

Vapor Heating System: A steam heating system which operates 
under pressures at or near atmospheric and which returns the condensa- 
tion to the boiler or receiver by gravity. Vapor systems have thermo- 
static traps or other means of resistance on the return ends of the heating 
units for preventing steam from entering the return mains; they also have 
a pressure-equalizing and air-eliminating device at the end of the dry 
return. Direct Vent Vapor System: A vapor heating system with air 
valves which do not permit re-entry of air. 

Vapor Pressure: The equilibrium pressure exerted by a vapor in 
contact with its liquid. 

Velocity: The time rate of motion of a body in a fixed direction. In 
the fps system it is expressed in units of one foot per second, F = 

t 

Velocity Pressure: The pressure corresponding to the velocity of 
flow. It is a measure of the Knetic energy of the fluid. 

Ventilation: The process of suppljdng or removing air by natural or 
mechanical means, to or from any space. Such air may or may not have 
been conditioned. (See Air ConUhorting.) 

Warm Air Heating System: A warm air heating plant consists of a 
heating unit (fuel-burning furnace) enclosed in a casing, from which the 
heated air is distributed to the various rooms of the building through 
ducts. If the motive head producing flow depends on the difference in 
weight between the heated air leaving the casing and the cooler air 
entering the bottom of the casing, it is termed a gravity system. A booster 
fan may, however, be used in conjunction with a gravity-designed 
S3i^tem. If a fan is used to produce circulation and the system is designed 
especially for fan circulation, it is termed a fan furnace system or a 
central fan furnace system. A fan furnace system may indude air washers 
and filters. 

Wet-Bulb Temperature: The lowest temperature which a water 
wetted body will attain when exposed to an air current. This is the 
temperature of adiabatic saturation. 

Wet Return: That part of a return main of a steam heating system 
which is filled with water of condensation. The wet return us uall y is 
below the level of the water line in the boiler, although not necessarily so. 
See Dry Return, 
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ABBREVIATIONS 

Absolute 

Acceleration, due to gravity . ... 

Acceleration, linear.,^ 

Air horsciiower 

Alternating-current (as adjective). .'7. 

Ampere 

Ampere-hour.- 7 ! ! 

Area 77 7 

Atmosphere .. . .. 

Average 7...7....7....... 

Avoirdupois . . ./77!^....7..7.7'. 

Barometer -.7.77..7T . . 

Boiler pressuie 77"" 

Boiling point 

Brake horsepower 

Bnike horsepower-hour .7.777....7.77 . 

British thermal unit .....7.7.7 7. 

Caloric .7.......7 ..7.7 

Centigram .7.77.77 77 7 

Centimeter _7...777.7.7 7 

Centimeter-gram-second (sy^em) ..77 .7 

Change in specific volume during vaporization 

Cubic 

Cubic foot 7 .777...." 

Cubic teet per minute 

Cubic feet per second 

Decibel 

Degice® 

Deppree centigrade 

Degree Fahrenheit 

Degice Kelvin 

Degree Uf‘aumur 

Density, Weight per unit volume, Specific weight— 



V 


abs 

- a 

air hp 

a-c 

— amp 

amp-hr 

atm 

-avg 

avdp 

bar. 



7777:7..bhp 

bhp-hr 

.Btu 

— cal 

-eg 

.cm 




cu 

cu ft 

efra 

cfs 

.^db 

d^ or ® 

C 

777777k 

R 

.d or p (rho) 


Diameter D or dia m 

Direct-current (as adjective) d-c 

Distance, linear s 

Dry saturated vapor, Dry saturated gas at saturation pressure and temperature, 

Vapor in contact with liquid Subscript g 

Entropy (The capital should be used for any weight, and the small letter for unit 

weight.) S or s 

Feet per minute — fpm 

Feet per second — ips 

Foot 

Foot-pound 

Foot-pound-second (system) 

Force, total load 

Freezing point 

Gallon 

Gallons per minuteL 

Gallons per second 

Gram 

Gram-calorie 



^Frona, compilations of abbreviations approved by the Amertcan Standards Assoeiatum, Z, 10 a, c, f, and 
1. As a general rule the period is onutt^ m all abbreviations exaept where the omission results in the 
formation of an English word 

*lt 18 recommended that the abbreviation for the temperature scale, F, C, It be included m enressiona 
for numerical temperatures but, wherever feasible, the abbreviation for degree be omitted; as 68 F. 
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Head ff or h 

Heat content, Total heat, Enthalpy. (The capital should be used for any weight 

and the small letter for unit weight) ff or h 

Heat content of saturated liquid, Total heat of saturated liquid, Enthalpy of 

saturated liquid, sometimes called heat of the liquid //f 

Heat content of dry saturated vapor. Total heat of dry saturated vapor, Enthalpy 


of dry saturated vapor 


Heat of vaporization at constant pressure J!!* or /ifg 

Horsepower. hp 

Horsepower-hour. hp-hr 

Inch in 

Inch-pound in. -lb 

Indicated horsepower. ihp 

Indicated horsepower-hour. ihp-hr 

Internal energy. Intrinsic energy. (The capital should be used for any weight and 

the small letter for unit weight ) U or u 

Kilogram kg 

Kilowatt kw 

Kilowatthour kw^hr 

Length of path of heat flow, thickness. 

Load, total W 

Mass 

Mechanical efficiency ['em 

Mechanical equivalent of heat J 

Melting point . mp 

Meter m 

Mi^on. (mu) 

Miles per hour. mph 

Minute — .... min 

Molecular weight mol wt 

MoL ZZZZ.""” mol 

Ounce ..............oz 

Power, Horsepower, Work per unit time. p 

Pressime, Absolute pressure. Gage pressure. Force per unit area p 

Quantity (total) of fluid, water, gas, heat, Quantity by volume; Total quantity 

Quality of steam. Pounds of dry steam per pound of mixture.^. 

Revolutions per minute ”..„..rprn 

Saturated liquid at saturation pressure and temperature. Liquid in contact 

with vapor SuhscHpt f 

Specific heat. split ore 

Specific heat at constant pressure 

Specific heat at constant volume 

Specific volume, Volume per unit weight. Volume per unit mass ... ® 

Square foot gq 

Square inch ZZZITrZZT' T 


Temperatme (ordinary) F or C CTheia is used preferably only wh^'7is’uwdlor 

Time m the same discussion.) • i or 0 (iheia) 

Temperature (absolute) F abs or K. (Capital theta is used preferably only when 

sm^ theta ^ used for ordinary temperature ) T or & (capital theta) 

Inermal conductance^ (heat tranaferred per unit time per degree) C 

C 5= -i- aes g 

R L ti 

Thermal conductance per unit area. Unit conductance (heat transferred per 

imit time per unit area per d^^ree) Ca 


proi^CB independent of sue or shape, sometimes called speci£e Proper- 
are— condu^vity and resistivity Terms ending anc« designate quantitiw deMnelmg 
also upon size and shape, sometimes called total quanttoes ExamplM are — 
Term. «.din,.<mdedmte rate of heat 
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Thermal conducti\ ity fheat transferred per unit time per unit area, and per 

degree per unit length) k 

g 

k = -A_. 

(/i - ^2) 

L 

Surface co^cient of heat transfer, Film coefficient of heat transfer, Individual 
coefficient of heat transfer (heat transferred per unit time per unit area 
per degree) / 


(In genera] / is not equal to k/L, where L is the actual thickness of the fluid film.) 

Over-all coefficient of heat transfer, Thermal transmittance per unit area (heat 

transferred per unit time per unit area per degree over-all) U 


Thermal transmission (heat transferred per unit time) - q 



Thermal resistance (degrees per unit of heat transferred per unit time) R 



Thermal resistivity. 1/A 

Vaporization values at constant pressure, Differences between values for saturated 

vapor and saturated liquid at the same pressureL Subscript ftt 

Veloaty V 

Volume (total) V 

Volume per unit time, Rate at which (quantity of material passes through a 

machine, Quantity of heat per unit time, Quantity of heat per unit weight g 

Watt w 

Watthour whr 


Weight of a major item. Total weight 

Wei^t ratCj Weight per unit of power, Weight per unit of time. 


W 

..w 

W 


CONVERSION EQUATIONS 

Fahrenheit degrees « 9/5 (centigrade d^:rees + 32). 

Centigrade d^ees » 6/9 (Fahrenheit degrees — 32), 

Absolute temperature, expressed in Fahrenheit d^;rees » Fahrenheit d^ees + 
459 6 In heating and ventilating work, 460 is usually used. 

Absolute temperature, expressed in centigrade d^ees ** centigrade degrees + 
273.1 
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Power, Heat and Work 

1 ton refrigeration 
Latent heat of ice 

1 Btu 

1 watthour 

1 mean calorie 
1 kilowatt (1000 watts) 

1 horsepower 
1 boiler horsepower 


12,000 Btu per hour 
200 Btu per minute 

143 33 Btu per pound 

777 5 ft-lb 
0 293 watthours 
252 02 mean calories 

2,655 2 ft-lb 
3 415 Btu 
3600 joules 
860.648 mean calories 

0.003968 Btu 
3 085 ft-lb 

0 0011619 watthours 

1.3405 horsepower 
56 92 Btu per minute 
44,252 7 ft-lb per minute 

f 0.746 kilowatt 
I 42 44 Btu per minute 
I 33,000 ft-lb per minute 
[ 550 ft-lb per second 

33,471.9 Btu per hour 


Weight and Volume 

1 gal (U. S.) 

1 British or Imperial gallon 
1 cu ft 

1 cu ft water at 60 F 
1 cu ft water at 212 F 
1 gal water at 60 F 
1 gal water at 212 F 

1 lb (avdp) 

1 bushel 
1 short ton 
1 long ton 


/ 231 cu in, 

\ 0 13368 cu ft 

“ 277 274 cu in. 

^ / 7.4805 gal 
\ 1728 cu in 

- 62371b 
« 59.76 lb 
= 8.34 lb 
= 7.99 lb 

_ / 16 oz 
\ 7000 grains 

« 1.244 cu ft 
=> 2000 lb 
» 2240 lb 


Pressure 

1 lb per square inch 
1 oz per square inch 

1 atmosphere 


144 lb per square foot 
2 0416 in. mercury at 62 F 
2.309 ft water at 62 F 
. 27.71 in. water at 62 F 

/ 0.1276 in. mercury at 62 F 
\ 1 732 m. water at 62 F 


14.7 lb per square inch 
2116.3 lb per square foot 
33.974 ft water at 62 F 
30 in. mercury at 62 F 
29.921 in. mercury at 32 F 
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1 in. water at 62 F 
1 ft water at 62 F 

1 in. mercury at 62 F 


' 0.03609 lb per square inch 
« ■ 0,6774 oz per square inch 
6.196 lb per square foot 

_ r 0 433 lb per square inch 
\ 62 365 lb per ^uare foot 

1 0 491 lb per square inch 
7.86 oz per square inch 
1 131 ft water at 62 F 
13.67 in water at 62 F 


Metric Units 
1 cm 
1 in. 

1 m 
1ft 

1 sq cm 
1 sq in 
1 sq m 
1 sq ft 
1 cu cm 
1 cu in. 

1 cu m 
1 cu ft 
1 liter 
1 kg 

lib 

1 metric ton 
1 gram 

1 kilometer per hour 
1 gram per square centimeter 
1 kg per square centimeter (metric atmosphere) 
1 gram per cubic centimeter 
1 dyne 
1 joule 

1 metric horsepower 
1 kilogram-calorie (large calone) 


* 0.3937 in 
2.64 cm 
« 3.281 ft 
= 0 3048 m 
= 0.156 sq in. 

B 6.46 sq cm 
B 10 765 sq ft 
B 0.0929 sq m 
B 0.061 cu in. 

B 16 39 cu cm 
« 35 32 cu ft 
= 0.0283 cu m 
B 1000 cu cm = 0 264 gal 
« 2 20461b 
« 0 4536 kg 
B 2205 lb (avdp) 

« 980.69 dynes » 0.002206 lb 
B 0 6214 mph 

_ / 0 0290 in. mercury, at 0 C 
\ 0,394 in. water, at 16 C 

B 14.22 lb per square inch 

_ / 0.03614 lb per cubic inch 
\ 62.43 lb per cubic foot 

B 0 00007233 poundals 

/ 10,000,000 ergs 
\ 0.73767 ft-lb 

/ 76 kg-m per second 
“ \ 0.986 hp (U. S.) 

' 1000 gram-calones (small 
B calone) 

3.97 Btu 


1 kilogram-calorie per kilogram b i g Btu per pound 

1 gram-calone per square centimeter = 3.687 Btu per square foot 

1 ^m^ orie per square centimeter per |i.45iBtupersquarefootpermch 

1 gram-calorie per second per square centimeter p903 Btu per hour per square foot 

for a temperature graduation of 1 deg C per = I for a tempwature graduation of 
centimeter I 1 deg F per inch of thickness. 
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SYMBOLS FOR HEATING, VENTILATING AND 
Am CONDITIONING DRAWINGS ° 

1. The objects of this standard set of symbols are to insure the correct interpretation 
of drawings and to conserve drafting room time by establishing simple and unmistakable 
symbols for the component parts of the heating and ventilating systems In preparing 
the list of symbols an effort has been made to follow existing practice in so far as possible 
but the list cannot be expected to match exactly the existing practice of every drafting 


1. General 

Piping 

2. Steam 


3. Condensate __ 

Piping " 

4. Cold Water ^ 

Piping 

5. Hot Water 

Piping — 


6 Air Piping 

7 Vacuum 

Piping 

8 Gas Piping 

9 Refrigerant 

Piping 

10. Oil Piping 




11. Lock and Shield Valve 


23 Indirect Radiator Plan 

E3 



24 Indirect Radiator 

mi 13 

12 Reduang Valve 

Elevation 

13. Diaphragm Valve 

Jh 

25 Supply Duct, Section 


14. Thermostat 

© 

26 Exhaust Duct, Section 

0 

15 Radiator Trap Elevation 


27 Butterfly Damoer Plan 
(or Elevation) 


16 Radiator Trap Plan 

H(8) 

28 Butterfly Damper 

Elevation (or Plan) 


17. Tube Radiator Plan 

CZ3 




29. Deflecting Damper 


18 Tube Radiator Elevation 

np 

Rectangular Pipe 

19 Wall Radiator Plan 

= 

30. Vanes 


20. Wall Radiator Elevation 

□ D 

31. Air Supply Outlet 

T 

21 Pipe Coil Plan 

1=3-. 


T 


^5 

32. Exhaust Inlet 

T 

22 Pipe Coil Elevation 



, Minimum Requirements for the Heating and Ventilation of Buildings, edition 

of 1929, and Amencan Standard Drawings and Drafting Room»Practice Graphical Symbols 
Standards Assoc$aiton, Z14 2 — 1985) 
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33. Joint 
34 Elbow — ^90 

36 Elbow— 45 deg 

36. Elbow — ^Turned Up 

37 Elbow — ^Turned Down 

38. Elbow — Long Radius 

39 Side Outlet Elbow — Outlet Down 

40 Side Outlet Elbow — Outlet Up 

41. Base Elbow 

42. Double Branch Elbow 
43 Single Sweep Tee 

44. Double Sweep Tee 

45 Reducing Elbow 

46 Tee 

47 Tee — Outlet Up 

48. Tee — Outlet Down 

49, Side Outlet Tee— Outlet Up 

60. Side Outlet Tee— Outlet Down 
51 Cross 


Ftinged 

&re«icd 

Bdl and 

\^eldLd 

Soldend 


-4- 


0f- 

-0- 


r 


4 

r 



/ 




G>[— 

04- 

011- 

0— 

GtH 

01— 

04- 

04- 

0- 







r 

4 



r 

r 

4 



4 

4 

U 




4^ 




4^ 

4 




Y 

T 





4 



r 


4 

4 


4 

401H 

4GI- 

40^ 


-®0®- 

4e«- 

401- 

40^ 

-104 


4^ 

4^1- 






4 



4}^ 

4 

4 
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62. Eccentric Reducer 

53 Reducer 

54 Lateral 

55 Gate Valve 

56 Globe Valve 

57 Angle Globe Valve 

58 Angle Gate Valve 
69 Check Valve 

60 Angle Check Valve 


68 Reducing Flange 

69. Union 

70. Sleeve 

71. Bushing 


FlangLd Sewid Bill Mi Spigot Wckkd Soldired 

-2:^ 

-HXf -CH- -5=»- -O®- 


-C*}- -3^^ -»C^ 

-HXD — XH -3x£- -‘txj*- -Cx>- 

rr 

tt 

^ -r r 


61. Stop Cock 


hOi- 

-90€- 

-HOk- 

62 Safety Valve 





63 Quick Opening Valve 

-i^ 



-lOl^ 

64 Float Operating Valve 




r"& 

■H>0* 

66. Motor Operated Gate Valve 

66 Motor Operated Globe Valve 




67 Expansion Joint Flanged 

-Ifcdf- 


-^=ir 



HO- 

^H— 

+~lt- 
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A.SJLVX CODES 

The following codes and standards relating to the design, installation, 
testing, rating, and maintenance of materials and equipment used for the 
heating, ventilation and air conditioning of buildings, have been adopted 
by the American Society of Heating and Ventilating Engineers 


SUBXBCT 

Tteli 

Whuk Adoftbd 

Refebbncb 

Air 

Cleaning 

Devices 

A.S H.V.E Standard Code for 
Testing and Rating Air Clean- 
ing Devices Used in General 
Ventilation Worka 

June, 1933 

ASHVE 

Transactions, 

VoL 39, 1933 

Air Purity 

Synthetic Air Chart 

June, 1917 

A.S.H.V.E. 

Transactions, 

Vol 23, p. 607, and 
Tfe Guide, 1931 

Boilers 

(testing) 

Standard and Short-Form Heat 
Balance Codes for Testing Low 
Pressure Steam Heating Solid 
Fuel Boilers (Codes 1 and 2)a 

June, 1929 

ASH.V E. 
Transactions, 

Vol. 35, 1929 

Boilers 

(testing) 

A.S.H.V.E. Performance Test 
Code for Steam Heating Solid 
Fuel Boilers (Code 3)a b 

June, 1929 

A.S H.V.E. 
Transactions, 

Vol. 35, 1929 

Boilers — 

Oil Fuel 
(testing) 

A.S.H.V E Standard Code for 
Testing Steam Heating Boilers 
Burning Oil Fuel® 

June, 1932 

ASH.V.E. 

Transactions, 

Vol. 37, 1931 

Boilers 

(rating) 

A S.H.V E. Standard Code for 
Rating Steam Heating Solid 
Fuel Hand Fired Boilers® 

January, 1929 
Revised 
April, 1930 

A.S H.V.E. 
Transactions, 

Vol. 36, 1930, p 42 

Concealed 

Gravity 

Type 

Radiation 

A S.H.V.E. Standard Code for 
Testing and Rating Concealed 
Gravity Type Radiation (Hot 
Water Section)® 

June, 1933 

A.S H V.E 
Transactions, 

Vol. 39, 1933 

Convectors 

ASH V.E. Standard Code for 
Testing and Rating Concealed 
Gravity Type Radiation 
(Steam Code)® 

January, 1931 

A.S.H.VE. 

Transactions, 

Vol. 37, 1931, p 367 

Ethics 

Code of Ethics for Engineers 

January, 1922 

A.S,H V.E. 
Transactions, 

Vol. 28, 1922, p. 6 
(See frontispiece 
The Guide, 1937) 

Fans 

Standard Test Code for Disc 
and Propeller Fans, Centrifugal 
Fans and Blowers® 

May, 1923. 

Revised 

June, 1931 

AS.H.V.E. 

Transactions, 

Vol. 29, 1923, 
p. 407C 

Garages 

Code for Heating and Ven- 
tilating Garages 

June, 1929 
Revised 
January, 1936 

A.S.H.V.E. Trans- 
actions, Vol. 36, 
1929, p 365 
AS.H.V.E R^rint 


aRepnnts available 

bOnginally adopted by the NaUonal Boiler and Radiator ManttfacUerers Association, 
cAlso, see Beating, Rising and Air Conditioning, August, 1031, p 713 
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Subject 

TrpiiB 

When Adopted 

Reperbnce 

Heat 

Transmission 
Through Walls 

Standard Test Code for Heat 
Transmission through Walls^ 

January* 1927 

A S H.V E 
Transactions, 

Vol 34, 1928, p 253 

Minimum 

Requirements 

Code of Minimum Require- 
ments for Heating and Ventila- 
tion of Buildings, Edition-1929 

June, 1925 

A.S H.V E. 

Codes 

Pitot Tube 

Code for Use of Pitot Tube 

January, 1914 

A.S H V.E. 
Transactions, 

Vol. 20, 1914, p. 211 

Radiators 

Code for Testing Radiators^ 

January, 1927 

ASH V.E. 
Transactions, 

Vol 33, 1927, p. 18 

Unit Heaters 

Standard Code for Testing and 
Rating Steam Unit Heaters^ ^ 

January, 1930 

ASHVE. 

Transactions, 

Vol. 36, 1930, p. 165 

Unit 

Ventilators 

A.S.H.V E. Standard Code for 
Testing and Rating Steam 
Unit Ventilators^ 

June, 1932 

A.S,H V E. 
Transachons, 

Vol. 38, 1932, p. 25 

Vacuum 

Heating 

Pumps 

ASH V.E. Standard Code for 
Testing and Rating Return 
Line Low Vacuum Heating 
Pumps^ 

June, 1934 

ASH.V.E. 

Transactions, 

Vol. 40, 1934 

Ventilation 

Report of Committee on 
Ventilation Standards® 

August, 1932 

AS.H V.E. 
Transactions, 

1 Vol. 38, 1932, p. 383 


The following Codes and Standards have been endorsed or approved 
by the American Society of Heating and Ventilating Engineers: 


Subject 

Title 

Sfonbobed bt 

Rtavtmot 

Air 

Conditioning 

Equipment® 

Standard Method of Rating 
and Testing Air Conditioning 
Equipment 

American Society 
of Refrigerating 
Engineers 

American Society of 
Refrigerating Engi- 
neers, New York, 
N Y. 

Chimneys 

Standard Ordinance for Chim- 
ney Construction 

NaHonal Board of 
Ftre Underwriters 

Chapter 14, 

The Guide, 1931 

Condensing 

Units® 

Standard Method of Rating 
and Testing Mechanical Con- 
densing Units 

American Society 
of Refrigerating 
Engineers 

American Society of 
Refrigerating Engi- 
neers, New York, 

N. Y. 

Pipmg 

Systems 

Identification 
of Piping Systems^ 

American Society 
of Meckamcal 
Engineers 

Heating, Piping and 
Air Conditioning, 
July, 1929 

Warm Air 
Furnaces 

Standard Code Regulating the 
Installation of Gravity Warm 
Air Furnaces in Residences 

National Warm 
Air Heading and 
Air Conditioning 
Association 

National Warm Air 
HeaMngandAir Con- 
ditiomngA ssociation, 
Columbus, Ohio 


^Adopted ;iomtly by the Industrial Uwi Beater Assoctaiton, and the A S H.V B 
ePropoa^ code prepared by Joint Conwmttee of Amertcan Socsely of Refrtgeratmg Engineers, American 
S ociE^ OF Heating and Veottiating Engineers, Refrigerating Machinery Association, National Mectnc 
Manufacturers Association and Air Conditioning Manufacturers Assoeiaiion 

c 1928, Sponsored by (1) American Society of Mechanical Engineers, (2) National 

Safety Conned 
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Air Conditioning 


Atlanta 
Boston Mass 


American Moistening Company 

EffTABLlBHBD 188S 


Providence, R. I. 


Chablottb, N G 
GrBSBNVILLa S C 



UNIT HUMIDIFYING AND AIR CONDITIONING EQUIPMENT 


The Amco line of devices for the supply, maintenance and control of humidity is com- 
plete in Its ability to meet any presented problem of applied humidification Used 
independently or as an adjunct to Central Station equipment, these devices auto- 
matically maintain any required humidity condition in a capable uniform performance 

IDEAL HUMIDIFIERS— Senior Type 

A high capacity unit for use where conditions require a 
great amount and good distribution of moisture Motor 
dnven fan gives wide distribution of atomized spray. 
Amco heads serve the triple purpose of humidifying, air 
washing and cooling 

IDEAL HUMIDIFIERS— Junior Type 

Similar m construction to Senior Type. Used where 
medium capacities are requured. 




AMCO ATOMIZER— No. 4 

Quality and quantity of spray are mamtained even under 
adverse conditions because this atomizer is automa^cally 
self-cleaning. When the compressed air supply is shut ofif, 
either manually or in response to a humidity control, both 
air and water nozzles are thoroughly cleaned 



AMCO HUMIDITY CONTROLS 
Compressed Air Operated 

An extremely accurate and active device operated by 
compressed air which assures a regulation of humidity 
within exceedingly close ranges 


AMCO HUMIDITY CONTROL 
Electrically Operated 

Similar in prmdple to the Compressed Air Type except 
that the hydroscopic element operates electrical contacts 
which control the units. 


A few of many AMCO products with a Long Record of Dependable Performance 


Sectional Humidifiers. 

Amtex Humidifiers 
Hand Sprayers 
Mine Sprays 

Fabric and Paper Dampeners. 


Mechanical Psychrometers. 
Electro Psychrometers 
Sling Psychrometers. 
Hygrometers 
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Air Devices Corporation 

(Subsidiary of Automatic Products Corporation) 



Manufacturers of Air Conditioning, Heating and Ventilating Equipment 
Factory and General Sales Offices 64 E^St 25th StfOOt, ChiC^gO, 111. 
Telephone CALumet 6141 


Products : 

Air Conditioning (room cooling, 
dehumidifying, ventilating, filtering 
and circulating) units— self-contained 
— portable floor type and portable 
window type— both air and water 
cooled. Commercial and Industrial 
Refrigeration equipment. Blast Coils 
for heating or refrigeration. Cooling 
Units and Heating Units— various 
capacities. Humidifying Units — auto- 
matic, for industrial or residential 
application. Drying Units — steam or 
electric. Ventilating Fans — for in- 
dustrial or residential use. 

New ADCO Air-Cooled 

Air Conditioner 

Ne\\ly developed to fit the summertime 


reciuirements ot a\ercige si/e hotel rooiiib, 
offices or residential chambers, the ADCO 
•^4-ton Air Conditioner and Dehumidifier 
IS a complete, sell-contained unit It re- 
quires no plumbing It occupies no more 
space than an av^erage radiator It draws 
in fresh air through a window duct, filters 
it, cools it and circulates it When clesired, 
circulating action may be reversed, to e\- 
haust stale air, odois and smoke Ironi the 
room This feature, ol course, does not 
aflect action ot refrigerating units De- 
signed around the evlrcmely efficient and 
permanently quiet ADCO “\'-tS” com- 
pressor, clirect-(lii\en by a shalt integral 
with the motor armature The c'abinet is 
similar in style, although somewhat larger 
than the ^2-1-on si/e pictured Consult 
factory for current dat i on e\act dimen- 
sions, color and electric il characteristics 




Air Conditioning 


Air Devices Corporation 

(Subsidiary of Automatic Products Corporation) 



Manufacturers of Air Conditioning, Heating and Ventilating Equipment 
Factory and General Sales Offices 64 EaSt 25th Street, GhicagO, Ill- 

Telephone GALumet 6141 



ADCO \i-ton Window Type 
Air-Cooled Air Conditioner 

Complete, sell -contained — requires no 
water connections Simply mounted in 
place in any double-hung ^Mndow as 
illustrated Draws fresh air from outside 
and a fixed percentage of air from inside, 
filters it, cools it, de-huinidifies it, circulates 
it and discharges it through the same 
window Room capacity 1600 cu ft — 
} 2 -ton melting ice equivalent ADCO 
eight-cylinder compressor unit 



ADCO Industrial Unit-Heaters 
and Coolers 

Made in three standard sizes, ranging m 
capacity from 30,000 to 450,000 Btu 
Leakproof, highly trost-resistant, non- 
electrolytic and non-gal van ic Guaran- 
teed to 250 lb pressure 
ADCO Unit Coolers are built in five 
sizes, three types, i e , direct expansion, 
flooded or circulated operation, using 
Freon, Ammonia, Calcium Chloride Brine 
or Water Capacities H-ton to S tons, m i e 


ADCO Automatic 
Humidifier 

For use in conjunction with 
steam, hot water and vapor 
heating systems Made in five 
sizes to fit V irtually any industrial 
or residential requirements Will 
automatically maintain any 
desired percentage of relative 
humidity Sturdy, compact, 
using ADCO all-aluminum heat- 
transler elements as in ADCO 
Unit Heaters and Coolers 
Fully automatic, being governed 
by handset humidistat 
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American Blower Corporation-Detroit 
Canadian Sirocco Co., Ltd.-Windsor 

Division of American Radiator and Standard Sanitary Corp. 


American Blower Dehumidifiers 

This line of dehumidifiers, air washers, scrub- 
bers and purifiers, commonly referred to as the 
American Blower Washer, is available in standard 
sizes and designs, constructed of galvanized iron 
casing and eliminators with welded iron tank 
Capacity, 1000 to 300,000 cu ft of air per 
minute These washers are built in lengths from 
4 ft 0 in to 24 ft 0 in. with one to six stages of 
sprays depending upon the duty to be performed 
Also built of special metal when required 
Bulletin No 3523 


American Blower Conditioners 
Series “OW” 

Senes “OW” American Blower Conditioners are 
made in various sizes for comfort cooling of restaurants, 
shops, hospitals, offices, etc Units are provided with 
three-speed switch automatically controlled by means 
of a thermostat, and can be equipped with wall box for 
outside air intake Air filter and humidifier furnished 
extra For winter heating, units are connected to hot 
water boiler Complete data in Bulletin No 4327 




Amenean Blovaer Dehvmtdtfiera and Washert 




\ 


Senes “fifT" Conditioner 


r 


Senes “OIV* Conditioner for tooling and 
heating offices, restaurants, hospitals, eti 

American Blower Conditioner 
Series “RH” 

American Blower Series “RH" Con- 
ditioner for small commercial establish- 
ments For installations reciuinng only 
humidification and air cleaning during 
the heating system and where the summer re- 
quirements do not extend beyond the cooling 

eauiDtted with cstMm u resulting from air motion Units are 

equipped with steam or hot water heating coils only. Bulletin No 4127 


1 


American Blower Conditioner 
Series “B” 

The Amenc&n Blower Conditioner Series **B** 
IS a unit conditioner and when used with a Decalor- 
ator (steam vacuum refngeration) or mechanical 
reir^eration, constitutes a simple and complete air 
conditionmg system for department stores, restau- 
rants, cofF^ shoppes, offices and similar applica- 
tions Bulletin No 3527 
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American Blower Corporation-Detroit 
Canadian Sirocco Co., Ltd.-Windsor 

Division of American Radiator and Standard Sanitary Corp. 
Branch Offices in Principal Cities of United States and Canada 

AMERICAN BLOWER PRODUCTS 

Manufacturers of Air Conditioning, Heating, Ventilating, Drying, 
Dust Collecting, Dust Separation, Mechanical Draft, Pneumatic Con- 
veying and all types of air handling equipment for more than 50 years 


American Blower Systems 

American Blower Systems for cooling, heating, 
humidifying, dehumidifying and purifying air, m 
all classes ot business and various manufacturing 
processes, permit control, as desired, of tem- 
perature, humidity and air motion Component 
parts Amencan Blower multiblade or American 
HS fan and motor, dehumidifier, tempering coils, 
preheaters, reheaters, spray and circulating 
water pumps, temperature and humidity control 
apparatus and a “Ross” Decalorator, or me- 
chanical refrigeration ^ith accessories Bulletin 
No 2727 


Steam Refrigeration 

(Decalorators) 

Declarators are built and furnished in sizes varying 
in cooling capacity from 24,000 Btu to 48,000,000 Btu 
per hour Chilled or decalorized water is produced by 
the practical application of a well known physical law, 
namely water under high vacuum will vaporize at low 
temperatures Decalorators will produce chilled w’ater 
at a temperature of 38° F or above. The Decalorator 
has no moving parts and water is the only refrigerant 
used Completely described in Bulletin No 2927 





Mechanical Refrigeration 

For installations involving mechanical refrigeration, 
the motor-driven reciprocating compressor type of 
refrigerating machine is supplied These compressors 
are available for direct expansion service, or with 
int^ral water cooling heat exchanger for use with 
chilled water as the cooling medium This well con- 
structed machine is designed for use with Freon as the 
refrigerant, and can be furnished in capacities from 1 to 
500 tons Complete details and specifications will be 
furnished upon request 


Compressor 
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Air Conditioning 


Baker Ice Machine Co., Inc. 

1518 Evans Street, Omaha, Nebr. 

MANUFACTURERS OF INDUSTRIAL AND COMMERCIAL 
REFRIGERATION AND AIR CONDITIONING 


Get specifications tor your requirements irom the Baker line ol eiiuipment K\ei\ 
machine and cooling assembly has been precision-nianulactured and designed to odei 
maximum serMce, dependability and economy per dollai in\ested 



Baker 
Ammonia 
Compressors 

Available to 
100 tons ca- 
pacity, with 
synchronous, 
direct -con- 
nected or \ - 
belt cl r 1 e 
Baker Com- 
pressors may 
be ai ranged m 
duplex or multiple installations tor any 
desired capacity Also equipped uith 
double-suction, capacity i eduction where 
conditions require utmost economy ot 
operation Available in automatically con- 
trolled selt-containecl units ranging troni 1 
to 25 tons capacity, 2 and 4 cyliiidci t} pes 


Baker Ammonta Compressor 


Baker Cold- 
stream Brine 
Spray Units 

Designed tor 
applicat ions 
requiring uni- 
torm contiol 
ol tempera- 
tures and rela- 
tive humidity 
Equipped with 
slow-speed , 
blowers mount- 
e d on ball 
bearings Fan 
speeds may be 
changed to suit an velocity requirements 
Housing is ot boiler plate construction 



Baker CddStream Brtne Spray 
Unit— forced draft type 


Baker Shell and Tube Condensers 

Baker Con- 
clensers and Liciuid 
Coolers are made in 
all si/es up to 2500 
sq It of efiectivc 
cooling service 
Vertical, horizontal, 
multipass or single- 
pass tyi)es avail- 
able, with diameters and tube lengths to 
fit any specification 



Baker Shell and Tube 
Condense) 


Baker Freon 
or Methyl 

Chloride 
Units 

Baker oilers 
a complete line 
ol 77 models 
assembled in 
both single and 
dual mounted 
sell-contained 
automatic 
units troin ' \ hp toOO hpcapacity, two^uid 
lour cylinder types Mechanic.il teatuics 
include double-tiunk type, semi-steel 
pistons, lull tone Iced lulnication, Timken 
Bearings and shell and tube conclenseis 
Both an cooled and watei cooled models 
available 

Baker Fan 
Type Cold- 
stream Units 

Rigidly con- 
structed loi 
compact, high- 
c a p a c 1 I > , 
heavy duly 
.service in re- 
tngerating and 
air condition- 
ing loocls and Baker Fan Type ColdSt) mm Unit 
other perisha- 
bles recjuiring positive control ol tcmpeia- 
lures abov'^c the lic‘e/ing tjoinl Finned 
coil surlaccs and air velocity tlesigncd lor 
a correct conibinalion ol lenipcralurc and 
relative humidity 




Baker Pno)i w 
Methyl-Lhlotide Unit 


Baker Ceiling 
Type Gold- 
stream Blow- 
er Units 



Dcsitrned lor Baker C oldSlrt am BUmet lUut 
comlon coot ■"""‘*,1^^,:;.:?'’""“' 
ing or com- 
mercial and industrial air cooling Eciuip- 
ped with finned or galvaiii/ed bare i)ipc 
coil, fans direct connected or \'-belt 
driven Also made in Floor Type Units 
ranging in sue Irom 2 to 10 tons lelrig- 
craling, 2000 to 10000 dm air c'apacity 
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i 


Carbondale 

Division 

Worthington Pump and 
Machinery Corporation 


WORTHINGTON 


General Offices HARRISOV, NEW JERSEY 
Branch Offices and Representatives tn Principal Cities 


REFRIGERATION SYSTEMS FOR AIR CONDITIONING IN 
COMFORT COOLING OR INDUSTRIAL PROCESS 


Complete refrigerating systems for use w ith 
Freon (F-12), Methyl Chloride, Ammonia, 
or Carbon DiOKide, either direct-expansion 
or uater cooling applications A complete 
line ot refrigeration compressors, permit- 
ting impartial recommendations A nation- 
AMcle organization ot Dealer- Distributors 


in major cities to provide sales and engi- 
neering serv ice and plan complete air con- 
ditioning s\ stems of the central or unit 
t\pe Architects. Engineers, and Con- 
tractors are invited to consult with us 
Write to Harrison, New Jersey for bul- 
letins covering products illustrated below 





.1/; C ondtliont mi 
i nits vtilical and 
hoi tzontal 500 to 
15,000 cfm 


Freon IJ 01 methyl chloride self-contained commercial Shoicet Condtmen iof 
units u'Uh motors ubto hp and ratings up to Hi ions Fuon oi mtlhyl 

'>^sttms — 5 to 50 tons 
lejngeiatioii 



Hortsonial ammonia compressors, single and duplex, 
belt, direct motor and sham drive, 60 to 100 ions 
Capacity control features available 



High and low side equipment Coils, coolers, con- 
densers, receivti\, controls, pumps, valves, con- 
nections, fittings 



Steam-jet vacuum cooling equip- 
ment Chilled water 3 1 '^F or over 
2 to 1000 tons at 50° F Also 
centrifugal water vapor units, 
60 to 300 tons 



I ertical ammonia compressors, 
pressure-lubricated roller main 
bearings, safety heads, patented 
Feather Valiti, 2 to 200 tons 



Special vertical Freon Compressors, 
pressure-lubf acted, lolUr main 
bearings, safety heads, up to 
160 tons 


Compressor requirements above 260 tons are best met by single or duplex horizontal 
machines Units up to 750 tons are available, proportioned for Freon 12 and equipped 
with three-step stuffing boxes 
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Air Conditioning 


Carrier Corporation 

AIR CONDITIONING - REFRIGERATION - HEATING 
Home Office* 850 Frelinghuysen Avenue 
Newark, New Jersey 

District Sales Offices NEW YORK, PHILADELPH I CHICAGO. LOS CELLS 
Branch Offices and Dealers in Principal Cities 
Export and Marine — Carrier*Brunswick International Division, Newark, N. J 


AIR CONDITIONING FOR INDUSTRY 
Central Station type for process and comfort 
Unitary equipment 
Humidifiers 

Surface type dehumidifiers 
Centrifugal refrigeration using Carrene 
Reciprocating refrigeration using Freon or methyl 
chloride 

Evaporative condensers 
Marine refrigerating machines 



AIR CONDITIONING FOR BUSINESS 

Central station type 
Unitary equipment 

Centrifugal refrigeration using Carrene. 
Reciprocating refrigeration using Freon or 
methyl chloride 
Evaporative condensers 
Cold diilusers 
Room units 

AIR CONDITIONING FOR HOME 

Home furnace (for oil or gas) 

Home air conditioners (for winter and 
summer) 

Oil burner 

Room units (for selected rooms) 

REFRIGERATION 
Reciprocating refngeration machines 
Centrifugal refngeration machines 
Cold diffusers 
Evaporative condensers 
Accessory equipment 

SPACE HEATING 

Unit heaters 
Heat diffusers 


Carrier CetUrd Station Type i;r 
CondUiontng Equipment 




Carrier Centrifugal Refrigeration Machine 


There is a Carrier system exactly fitted to each requirement and the nearest Carrier 
dealer or office of Carrier Corporation offers a complete service in solving anj air con- 
ditioning, drying, space heating or refrigerating problem 
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Air Conditioning 


Glarage Fan Company 

Kalamazoo, Michigan 

Sales Engineering Offices in All Principal Cities (Consult Telephone Directory) 

CLABAfiS 

AIR HANDLING AND CONDITIONING EQUIPMENT 


For Nearly a Quarter Century Clars^ has been a 
leading manufacturer of air handlmg and conditioning 
equipment There is a Clarage fan, unit or sjrstem to 
meet every need, from the simplest ventilating or 
cooling job to the most exacting temperature and 
humidity control installation 

Whatever your ventilating, unit heating, cooling, air 
cleaning, humidifying, dehumidifying or complete air 
conditioning problem, Clarage can meet your require- 
ments successfully and economically. 

The Experience of Glarage Engineers covers 
almost every conceivable type of installation, com- 
meraal, industrial and public building Clarage equip- 
ment is used in the largest industrial plants, office 
buildings, auditoriums, theatres, hotels, restaurants, 
retail stores, hospitals, churches and schools. 


Clarage Vortex Control System is an important 
development in air conditioning. It delivers only the 
volume of conditioned air required by the sensible heat 
load existing at any given time. Compared to the 
conventional system, first and operatmg costs are 
definitely lower. 


Architects, Engineers and Contractors will find 
our service specially helpful This Company is an 
independent manufacturer, and to specify and use 
our apparatus does not involve any binding agree- pra 
ments or license fees whatsoever Your inquiry for 
complete data on any Clarage product is invited 




Vortex Control System for amr 
meraal and vt^vsbxal condxtxonxng 



Modttherm Urnt, complete eon” 
dittontng plant designed for eeiltng 
or wall xnetaUatum 



Duotherm Unxt, compute con” 
ditionxng plant for fine homes, 
installed in basement 



Untihem Unxt Cooler for 
product coding and 
refrigeration 






Air Conditioning 


Curtis Refrigerating Machine Company 

Division of Curtis Manufacturing Company 



St. Louis, Missouri 



Double Tube Type 

Ilig/i tfhiiency, double lubt counlei JlotV to«- 
mullt-banked foi l<w pnn^un diop 



Shell and Tube Type 

Dual s/ull and tube condensen permitting strtes 
of parallel operation to suit eveiy condition 


SOME FEATURES OF CURTIS UNITS 

The curtis “Cenlro-Ring Positive Pres- 
sure” oiling system assures proper lubri- 
cation without dependence on gear or 
plunger type oil pump Only one simple 
moving part 

Timken tapered roller bearings 
Water jacketed heads and cylinders 
Each unit equipped with built -in oil 
separator with automatic return 
Balanced sylphon bellous seal 
Efficient (Irop-lorged, heat-treat edcrank- 
shatt and connecting rod construction 
Stainless steel disc type suction and 
discharge valv'cs 
Automatic water valv'es 
E\tra large water-cooled condensers 
Compressors o I proven “V” lyjx; radial 
design 

^URTIS builds a complete line of con- 
^ densing units lor every air conditioning 
and refrigeration reiiuiremeiu, up to .‘^0 
tons inclusive Every Curtis unit reflects 
83 years engineering, designing and manu- 
tacluring experience, over 43 years of this 
specidli/ing m buihling ot fine compressors 


^URTIS also builds dual compressor units m capacities above 20 hp , providing 
automatic capacity control for variable air conditioning loads 

There is a Curtis unit for every purpose — ■troin fractional tonnage capacity up to 
30 tons, for Freon or Methyl Chloride 
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Air Conditioning 


^ANT 

4lTLANTA 

BAIiTZMORE 

Boston 

Buffalo 

Charlottb 

Chzcaoo 

Cincinnati 

Cleveland 

Dallas 

Detroit 

Deb Moines 


Frick Company 

(Incorporated) 

Air Conditioning, Refrigerating 
and Ice-Making Equipment 

Waynesboro, Penna. 

Distributors in 100 Principal Cities 


AIR CONDITIONING WITH 
FRICK REFRIGERATION 




Kansas Citt 
L os Angeles 
Mbuphis 
New Orleans 
New York 
Oklahoma Crrr 
Palatka 
Philadelphia 

PmSBURGH 

St Louis 
Seattle 
Washington 


AMMONIA REFRIGERATION 
Machines in 


Is the term applied 
to our service in 
suppU ing retnger- 
ating equipment 
and engineering as- 
sistance for com- 
plete air condition- 
ing jobs, which are 
handled by Frick 
Branches and Dis- 
tributors — located 
m principal cities 
throughout the 
world 

Estimates cheer- 
fully submitted 
Get data on special 
Frick air condition- 
ing systems arranged lor automatic direct- 
expansion operation Economical, sate, 
highly satisfactory let us refer you to 
typical installations Ask tor Bulletins 
504 and 512 


all capacities 
trom ^ 2 ton up 
Combined 
units, \ ertical 
enclosed ty pe 
compressors, 
horizontal 
machines 
complete high 
and low sides 
Widely used 
tor air con- 
ditioning Bul- 
letins 102 to 
13S 

CARBON DIOXIDE 
REFRIGERATION 

Six si^es of enclosed CO» compressors 
smooth running, efficient and reliable 
machines, condensers, coolers, etc Bul- 
letins IIS and 124 

LOW PRESSURE REFRIGERATION 



Fourteen Storiet, of this 
Building ai 22 Bait 4^th 
Afreet, New York City, are 
Air Conditioned with Fruk 
Freon-12 Refrigeration 



The Standard Carmel Company ol 
Lantaiter, Penna , hai used Fntk 
Ammonia Refrigeration for Ur 
Conditioning Sinie Ptpt 


FRICK FREON-12 REFRIGERATION 

Includes the most 
complete line ot en- 
closed type Freon- 12 
compressors Large 
capacity, ample gas 
passages, pressure 
lubrication from in- 
ternal pump, pat- 
ented P LEXO-SEAL i5.Tffri Fnon-l'iUnii for Air 
at shatt Coils, cool- Conditioning Work 
ers, condensers and 
controls lor Freon-12 systems Bulletin 
SOS 


Commercial 
units m more 
t han 50 sizes 
and ty^pes, with* 
motors ot *4 to 
30 hp Charged 
with Fieon-12 or 
methyd chloride 
Air and w'ater 
cooled con- 
densers Finned 
coils, tan and 
blow'er units, ice 
cube and bever- 
age coolers, etc Bulletins 97 anti OS 




The World's LargctJ Air Con- 
ditionfdStotaae Room, at \ rrnon, 
Cahf, *s fWfrf with Fruk 
Refrigeration 




Frirk Enclosed Freon-ld 
Compressor 


Enclosed Type 
Ammonia Compressor 


Enclosed 

Compressor for Carbon 
Dioxide 


Low Pressure 
Refngeraling Units 







Air Conditioning 


Fairbanks Morse & Co. 


Air Conditioning 


900 S. Wabash Ave. 



Chicago, Illinois 



Floor Models 

Fairbanks-Morse “Ortho-Chme" air con- 
ditioners are made in a wide range of attractively 
designed and efficiently engineered models in 
capacities from 1 to 20 tons 

Floor type units, of smart modernistic design, 
in 1 and 2 tons capacity are available for instal- 
lation m the conditioned space May be had lor 
cooling service only, using Freon or water as the 
refrigerant, or for combination cooling and 
heating service to replace (he ordinary room 
radiator for year ’round conditioning including 
automatic humidification in the winter time 
Cabinets are attractively finished in rich cream 
enamel or grained walnut or mahogany with 
brushei-alummum trim 



Model 760 Central Station Unit 

The Model 760 Central Station Unit, which has 
a capacity range of from 3 to 6 tons, is available 
either with duct connection for remote instal- 
lation or with diffusing grille for installation in 
the conditioned space May be had with coils lor 
either Freon or cold water operation on the 
cooling cycle Heating coils with automatic 
humioification attachment are available with 
either type of cooling coil to provide year 'round 
conditioning. This unit may be suspended trom 
the ceiling or may be installed on a door or 
window deck to provide convenient transmission 
of air to the conditioned space with a minimum 
amount of installation expense. 


Compressor Units 

Fairbanks-Morse Freon condensing units or 
high sides are available in capacities from 1 to 
20 tons 

The compressor is provided with water-cooled 
automotive type cylinder head to insure long 
valve life and low water consumption Over- 
sized discharge and suction valves insure dura- 
bility and high efficiency Balanced pressure seal, 
which has proved its dependability in more than 
ten years of service in commercial refrigeration, 
effectively prevents escape of gas at the crank 
shaft Detailed specifications and capacity 
sheets available on request. 
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Air Conditioning 


Fairbanks Morse & Co. 


Air Conditioning 


900 S. Wabash Ave. 



Chicago, Illinois 


Unit Room Cooler 

The Fairbanks-Morse 1937 Model Unit Room 
Cooler IS a complete, self-contained unit of the 
plug-in type It has a capacity of 10,000 Btu 
per hour or a cooling effect equivalent to more 
than 1600 lbs of ice per day Furnished for either 
AC or D C current Easy to install — no water 
connections to make Exceptionally quiet in 
operation Carefully balanced for smooth oper- 
ation Attractively finished in grained walnut 
These units have a wide application for the air 
conditioning of offices, hotels, apartments, 
hospital rooms, residences, etc. 



Model 715 Ceiling Type 

This unit, which has a capacity of approxi- 
mately 1 tons, is designed for installation in the 
conditioned space Its smooth exterior lines and 
attractive finish makes it practical for instal- 
lation in offices, stores, shops, fitting rooms, etc , 
where floor space is at a premium and appearance 
is a vital consideration 

Standard finishes are rich cream enamel or 
grained walnut or mahogany Dimensions, 21 in 
high, 21 in wide and 265^ m deep Designed for 
ceiling suspension but may be installed on any 
convenient door or window deck 


Central Plant Units 

These plants are available in capacities from 
7 to 20 tons in either vertical or horizontal type 
Either design may be had for horizontal or 
vertical discharge of air 

These plants will perform all the functions of 
summer cooling and dehumidifying, winter 
heating and humidifying, or both 

Vertical types are designed for floor mounting, 
horizontal types for ceiling suspension or instal- 
lation on a door or window deck Carefully 
balanced fan Quiet in operation Air capacities 
from 2600 to 6500 cfm 
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Air Conditioning 


Ingersoll-Rand Company 

11 Broadway, New York City 

Branches or Distributors the World Over 



BntlflNOHAU 

Boston 

Buttalo 

Bottb 


Chicago Detroit 

Cleveland Duluth 

Dallas El Paso 

Denver H\rt)obd 

HoxraroN 


Knoxvillb 
Los Angeles 
Newark 
New Yore 
Pbiladslphia 


PlCHLR 

Pittsburgh 

POTTSVILLL 

Salt Lake City 
San Francisco 


Scranton 

Sbattli. 

St Louis 
Tulsa 

Washington 



CAMERON PUMPS 



Camtron Motorpump 

There is an efficient, reliable Cameron 
pump for every purpose Single-stage 
centrifugal units range from 40 to 100,000 
g p m , and multi-stage units (2 to 8 
stages) range from 125 to 3000 g p m for 
pressures up to and over 1700 lbs 

The Cameron “Motorpump” is ideal 
for general service everywhere, ranging in 
si/-es from 34 to 40 hp Pumps and motors 
are built as one compact and efficient unit 
on a single shaft They can be mounted 
in any position on the floor, wall or ceiling 
Capacities range from 5 to 1000 g p m for 
heads as high as 240 ft single-stage, and 
from 20 to 275 g p m for heads up to 
500 ft tw’o-stage Motors for any common 
current conditions, open, splash-proof, 
totally-enclosed, or explosion-proof t>pes 

CONDENSATE RETURN UNITS 



"Motorpump” Condensate Return Units 
are designed to return condensation from 
radiation systems, heaters, steam coils, 
etc 


The units consist of standuid "Motor- 
pumps” mounted on 15-, 30-, or bO-gal 
tanks and controlled by a float switch 
They are suitable toi use m schools, 
apartment houses, greenhouses, iiulustnal 
plants, chemical plants, etc They are 
often used to replace iiieflicient steam 
traps 


AIR COMPRESSORS 



Type '‘SO" Tvjo^tage Compream 


A “Type 30” Air Compressor is an ex- 
cellent source of compressed air lor use 
with regulating devices or control equip- 
ment, and for many other applications re- 
quinng small capacities It is a self- 
contained plant, consisting ol a compres- 
sor, driving motor, air receivei and auto- 
matic pressure control switch The com- 
pressor IS either single- or two-stage, using 
I-R plate valves Cylinders and inter- 
cooler are air cooled. Capacities range 
from 1 2 to 82 cu ft per min Pressures 
range from 5 to 1000 lb per sc] in 

Ingersoll-Rand manufactures more than 
1000 sizes and types of compressors in- 
cluding a complete line of ammonia com- 
pressors 

OTHER I-R PRODUCTS 

Surface condensers, counter-cun ent and 
ejector-jet barometric condensers, steam- 
jet ejectors, vacuum pumps, centrifugal 
blowers, air aftercoolers and receivers, 
Diesel and gas engines, air and electric 
hoists, rock anils, and pneumatic tools of 
many kinds 
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Air Conditionini 



WATER- VAPOR REFRIGERATION 


I-R Water- Vapor Refrigeration uses 
water as the only refrigerating medium 
There is no refrigerant to purchase or 
replace The system operates entirely 
under vacuum, and may be opened up tor 
inspection whenever desired 

W’ater-\’apor Retrigeration gives lowr 
operating costs by saving refrigerant re- 
placement and by economical operation at 
light as well as full loads Ot special value 
IS Its unusual ability to handle overloads 


Full capacity is retained for the lite of the 
machine 

Two types ol units — Steam- Jet Cooler 
and Centrifugal — permit the selection of 
the most economical type of equipment to 
meet widely varying conditions of steam 
or electric power, cooling w'ater supply and 
refrigerating requirements 

I-R Units are ordinarily sold through 
reliable contractors tor field installation as 
a part ot air conditioning systems 


STEAM-JET COOLER TYPE 



Cooling IS effected by direct evaporation 
of water at high vacuum Sleam-]et 
boosters maintain the vacuum and dis- 
charge the evaporated water vapor into a 
surface condenser (When desired, baro- 
metric type condenser units can be fur- 
nished) The heat carried away by the 
evaporation of the water vapor chills the 
main body of water as it is circulated 
through the unit 

The I-R patented design has been 
specially developed to insure reliability 
and simplicity of operation Steam-Jet 
Coolers are free from noise and vibration, 
and are easy to install and maintain 

Standard sizes are available for capaci- 
ties of approximately 10 tons upward for 
chilled water temperatures of 35“ F and 
higher Units are built for steam pres- 
sures of 2 lb gauge and upward. 


CENTRIFUGAL TYPE 



The centrifugal water- vapor refriger- 
ating unit likewise cools water by direct 
ev^aporation ot w^ater at high vacuum A 
centrifugal type compressor maintains the 
vacuum by compressing the water vapor 
and discharging it into the condenser 
Units can be furnished with electric- 
motor or highly efficient steam-turbine 
drivers Turbines may be either of the 
low-pressure or high-pressure type, and 
may be designed for back pressure or for 
condensing operation 

An important feature is self-regulation, 
units simply float on the load, giving in- 
herently reduced pow'er consumption with 
decreasing demand The capacity is 
sustained for life due to the elimination of 
wearing parts 

Standard sizes are available for capaci- 
ties of approximately 100 tons upward 
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Ait Conditioning 


Niagara Blower Company 

AIR ENGINEERING EQUIPMENT AND SYSTEMS 

General Sales Office: 6 East 45th Street, New York City 

Buffalo Rochester Boston Philadelphia Cleveland Toledo 

Pittsburgh Chicago St Louis Seattle San Francisco 

15 Years experience in the engineering, design and installation of complete air conditioning 

PRODUCTS — Exact Control Air Conditioning, Humidifying, Dehumidi- 
fying, Ehying, Moistening, Chilling, Comfort Systems, Niagara Air Con- 
ditioners, High Humidity Spray Coolers, Fan Criers, Fan Heaters, Cool- 
ing Coils, Heating Coils, Evaporative Aero Condensers. 


NIAGARA AIR CONDITIONING SYSTEMS 

For human comfort and for all industnal applications requiring controlled climatic 
conditions of temperature, relative humidity, air punty and air movement 


NIAGARA AIR CONDITIONER, TYPE A 


Maintains constantly, or makes any change required in 
temperature and relative humidity, dnes or moistens within 
tolerance of 1 degree F and 2 per cent R H in processing 
hygroscopic matenals, cleans air effectively, secures satur- 
ation for dehumidifying Seven sizes Available both m 
floor-mounted and space-savmg suspended types. 



Niaoara Tyw C Atr Condtiumer 
Niagara AU Alvminun Surface 
CoU Atr CcndUtoner, tnarmfactvred 
in 7 auee Udh floor movnted and 
cetbng wajpended modele 


NIAGARA AIR 
CONDITIONER TYPE C 

Uses Surface Cooling Coil 
method for cooling and dehu- 
midifymg Manufactured m 
sections so that any desired 
combination of air conditioning 
functions may be obtained, also 
solves installation problem in 
existing buildings as its sections 
can be brought thru any doors 
and erected in conjGined spaces 



Niagara Atr Condittoner, Type A 
mamrfaduTed in 7 atm, hath floor 
nunmUd and ceding ewtpended mod^ 


NIAGARA SURFACE COOLING COIL METHOD 

Aif for human efficiency and comfort A year 

providing winter heatmg and humidifying and summer coolin 
ofii<^, stores, restaurants and all places where people gather, 
method mtroduang simplified apparatus and controls, for si 
economy and long life, which cut operating costs 


around operating system 
g and dehumidifying for 
An advanced engineering 
iperior operating results, 


NIAGARA FAN COOLER 

Recommended for comfort cooling, process cooling, 
low temperature storage for 
dames, fruits, meats, food prod- 
ucts, fur storage vaults, etc. 
Gives complete arculation of air 
at desued temperature with 
even temperature at all points 
Manufactured in seven sizes 




Niagara Fan Cooler 

Manufaetwred tn i-, f-, 5-, and 4-fon wmU 
and in 7 atzM — both floor mounted and 
eethng autpmded typet 


Niagara Put tan Coder 


NUGARA DISK FAN COOLER 

For overhead suspension, saves space and provides the effici- 
^cy of movmg air cooling for small storage areas, market coolers, 


832 



Niagara Blower Company 


Air Conditioning 


NIAGARA SPRAY COOLER 

For all cooling applications requinng high hu- 
midity or high capacity in small space such as food 
product applications, espeaally meat chilling and 
storage pre-cooling and storage of fruits and vege- 
tables Prevents drying out, wilting Also used in 
mdustnes requinng freezing temperatures such as 
ice-cream manufacture and frozen food storage. 

Niagara Spray Cooler is built with cooling coils in 
a constant brine or water spray Maintains constant 
relative humidity as required Available both in 
floor-mounted and space-saving suspended types 


NIAGARA 

EVAPORATIVE AERO 
CONDENSER 

Niagara Spray Cooler 

Saves power and water lUtutrahon of i-fan unit Also manvjactured 
cost Utilizing atmospheric w 5-, and 4-fon untU and in 7 nzea, hoA 
air to remove heat of floor mounted and ceiling euapended modeU 

condensation, consuming 

only the small amount of water evaporated by the air c.r- 
culated Seven sizes 


NIAGARA FAN HEATERS 

For the heating and ventilating of large areas, Niagara Fan 
Heaters put the heat immediatly where needed in the working 
zone, give quicker heating up to working temperatures Defi- 
nitely built to the highest possible standards, welded alum- 

itHi*wrcM»V7f VJ amv ^ , i ® ’ 

manufactured in 1-, S-, and 4-fan mimun heating COlls 

unite and tn 7 eiees, both floor 
mounted and ceihng euepended 
modde 

NIAGARA HUMID HEATER 

Recommended for industrial applications where heat and humidity 
are required as m manufacture of textiles, cordage, printing and paper- 
converting plants 


NIAGARA COOLING COILS 

High pressure tested cooling coils are used in Niagara Fan Coolers 
and Niagara Surface Method air conditioning Encased 13 standard 
lengths for blast cooling installations, in both 20-in and 30-in widths 
Manufactured in aluminum and copper 


NIAGARA ALUMINUM HEATING COILS 

For use with fan heating systems giving the advantage of alum- 
inum, light weight and resistance to corrosion Manufactured in 
two widths, 20-in and 30-in , and in vanous lengths, giving a 
complete range of sizes 150 lbs working steam pressure 

Niagara Aluminum Booster Heaters are used for reheaters to 
control room temperature independently of fan system 

NIAGARA DISK FAN HEATERS 

Operate with low discharge temperature, cut down roof and 
wall losses. 


r*' 



Niagara AU Aluminum 
Diek Fan Heater 
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Atr Conditioning 


McQuay, Inc. 

1600 Broadway, N.E., Minneapolis, Minn. 

UNIT HEATERS — BLAST HEATERS — CONVECTION RADIATION 
AIR CONDITIONING COILS— EVAPORATOR COILS— UNIT COOLERS 



iSenes “/f" Unit Heater 



4ir Conditioning Coil 


The McQuav e\tensiv'e line ot 
Heating, Cooling, and Air Con- 
ditioning units can best be understood 
by analysis of the special catalogues 
which describe lully the various 
products 

McOuay Unit Heaters with lull 
floating all-copper heating elements are 
J available in thirty-tour si/es 


McQuay Extended Surface Coils 
tor Central Fan Heating and Cool- 
ing, and for all Commercial drying 
purposes are available in a wide range 
of sizes to meet any Air Conditioning 
' application 

McQuay Concealed and Cabinet 
Convectors are available in all en- 
closure types, exposed floor and wall 
hung, lully or partially recessed with 
removable panels, and totally con- 
cealed 



Unit (*ooln 




Copper Conmtor 


McQuay Sus- 
pended, Centrifu- 
gal Fan Type Cool- 
ing and Heating 
Units available in 
3 - 5 - 7H - 10 - 15 
and 20 tons capacity 
Units are adaptable 
for many Air Con- 
ditioning applica- 
tions 


[(V (UiIk Maki'i 

McQuay Unit Coolers available m 
seven si^es tor Walk-In Storage Rooms, 

Truck Refrigeration, etc For all 
types ot retrigerants including am- 
monia 

McQuay Comfort Coolers avail- 
able for w'ater or brine and direct 
expansion refrigerants Numerous si/es 
with capacities to fit > our requirements 



KvatHimUn Cml 


McQuay Evaporator Coils designed tor all ph<ibes ol com- 
mercial retrigeration wwk Fins with special siiun collars wntli 
tubes hydraulically expanded into the fins All lomls brazed 

assuring no leaks 
— - ' McOuay method ol 

manutact uring makes 
possible a flexible line 
ol special coils tailor- 
made to fit your 
specific re(iuircmcnts 
Cods tor ammonia in- 
stallations available 
lor all purposes 


Wtttter hr Conditioning Unit 



McQuay Winter Air Conditioning Unit. A low cost residential Air Conditioning 
unit for use with radiator heating systems A suspended type basement unit which 
filters, humidifies and circulates the air 


Bulletins deicriptwe of all McQuay products available upon request 
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Air Conditioning 


Parks-Cramer Company 

Fitchburg, Mass. Charlotte, N. G. 

CERTIFIED CLIMATE 

Complete Air Conditioning Systems including Heating, 

Cooling, Humidifying, De-humidifying, Ventilating, 
Refrigeration, Air Filtering and Air Washing 

AUTOMATIC REGULATION 
Industrial Heating by Oil Circulation with Merrill Process 



Cenital itlalion 



Central Station Air Conditioning 

A centrally located apparatus supplying maximum 
moisture needed AMth positi\e pre-determmed air 
change Usually includes indirect radiation lor heating 
— may include relrigeration and cooling All air is 
washed Where absolute and centralized control is 
desirable — helps in man^ industries, notably, Textiles 
(Cotton, Wool, Worsted, Silk, Ra>on, Jute), Printing 
and Lithographing, Cigar, Cigarette and Tobacco, 
Clothing, Paper and En\ elope, Leather and Shoes, 
Wood Products, Cereals, Storage ot Perishables, Cera- 
mics, Celluloid, Glassine Paper, Starch and Dextrine, 
Cement Installations similar in design are effective m 
Hospitals. Art Galleries. Auditoriums and Restaurants 

Automatic Airchanger (Not Illustrated) 

Insures ma\imum evaporative cooling m hot rooms in 
summer Conserves heat m winter Positi\e air circu- 
lation and uniformity of humidity and temperature 
Mostl> for industrial application 

Automatic Regulation 

The Psychrostat for accuracy, durability, sensitivity 
Hygrostat (not illustrated) where requirements are not 
so exacting Psychrostat employs the principle ot the 
Sling Psychrometer, used by U S Go\ eminent in all 
Weather Bureau Stations An Air Conditioning S> stem 
IS no better than its Regulation 

High Duty Humidifier 

Water under pressure generates spra> Excess w'ater 
returns to filter tank and recirculated Evaporation per 
unit high, two sizes ot heads each wath two sizes of noz- 
zles give flexible capacity tor varying conditions Circu- 
lation increased by individual motor-driven tan Spray 
thoroughly diffused and distributed o\ er wide area 



FelhfoKct 


The Pettifogger 

A compact humidifier for offices, stores, storerooms, 
testing laboratories, and other isolated departments 
Entirely self- contained in attractive lacquered copper 
casing Permanently though flexibly connected to water 
and electrical supplies Automatic control Adjustable 
capacity Reduces dust Neutralizes drying effect ot 
heating Conditions textiles and other hygroscopic 
substances tor testing purposes Safeguards health 
Increases bodily comfort Inexpensive. 
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Air Conditioning 


Servel, Inc. 

Electric Refrigeration and Air Conditioning Di\ision 
Evansville, Indiana 
AIR CONDITIONING 


Servel ofters a complete line of refrigerating machines tor air concliLioriing (lut> , <levelopcd 
along the same basic lines as the Servel commercial machines v^hich have been sciving 
users for 15 years All are of the reciprocating compiessor type with se«ilecl crankcase 
especially suited to F12 and similar hydrocarbon refrigerants All models may be used 
vnth city water, cooling tow'ers or atmospheric condensers Copper le.i<l bc«irmgs, high 
volumetric efficiency, true counter-flow condensers and other impoitant design features, 
combined with precision workmanship, insure low operating *ind maintenance cost 



WAH Sertes 



TT’MO Series 



WA V Sertes 


Complete Coverage 

Sieven senes of machines, ranging from ' ton 
to 20 tons, meet every practic*il re<iuirement of 
the commercial and residential air conditioning 
field 


16 Standard Models 

The WAV four-cylinder series includes Ifi-ton 
and 20-ton models The twm-cylindcr WAG 
senes ofters 7 and 10-ton capacity The WAO 
senes, developing 4 to 6 tons, serves a broad com- 
mercial market Small commercial «uid resi- 
dential reciuirements of 2 to 3 tons arc met by 
the WAE senes Private offices and smaller 
homes find the WAD senes of 1 to 13-^ ton 
ratings practical and economical I'ot iiulivuliKil 
rooms in homes and for small self-contained 
conditioners, the WAH and WAC senes, ilevelop- 
ing from to % ton, .iftoid high capacity pei 
unit of space 

Factory Cooperation 

Architectb and design engmeerb are invited to 
communicate with our applications department 
for details and advice 

Our engineers will gladly give assistance in (he 
selection of equipment and the proper balancing 
of evaporators and auxiliary apparatus 



This modern S$~acre plant is the home of Servel Air Conditiomnii 


Descriptive Folders and Engineering Data will be sent on Request 
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Air Conditioning 


Thermal Units Manufacturing Company 

Subsidiary of Air Devices Corporation 

64 East 25th Street, Chicago, 111. 

Representatives in All Principal Cities 

PRODUCTS — Heaters, Unit; Coolers, Unit; Humidifying Units; 
Coils, Heating and Cooling, Fans and Automatic Refrigerating 
Compressors for Commercial and Air Conditioning Work 


THERMAL UNIT HEATERS-Six Sizes 



With permanent one 
piece — integrally cast — 
aluminum element Ca- 
pacities from 15,000 to 
500,000 Btu per unit 
No joints, welds, 
brazed or soldered con- 
nections 

Leakproof, Freezeproof, 
indefinite life without 
servicing 

Maximum air delivery 
per horsepower, with lo^ 
outlet air temperature 
Built for troubleproof 
service and long life 



THERMAL UNIT COOLERS— Five Sizes 



For Ammonia, Brine, 
Freon, water and other 
refngerants Three types 
Circulating, Flooded or 
direct Expansion Capa- 
cities from ton to 8 
tons refrigerating effect 

Employs the same 
sturdy heat transfer ele- 
ment as our Unit Heater 
above 

Automatic operation. 
Automatic defrosting, 
with controls 

Eight years of success- 
ful applications, of all 
types 



THERMAL UNIT “V8” AUTOMATIC REFRIGERATING COMPRESSORS 
Simplicity - Efficiency - Economy — Using Freon or Methyl-Chloride 
High Volumetric Efficiency - Low Cost - Trouble-Free Operation 


Eight cylinders 
and pistons for 
smooth operation. 

Silent operation for 
air conditioning 
Light weight, more 
compact for delivered 
refrigeration tonnage 



Direct Motor 
drive, vibrationless 
operation 

Pressure lubrica- 
tion, for longer life 
and fewer wearing 
parts 

Economical opera- 
tion with increased 
efficiency 


Catalogs, information, and Engineering data furnished on request 
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Atr Conditioning 


UNIVERSAL COOLER CORPORATION 


Automatic 

Exclusively 

Detroit, Michigan 



Refrigeration 
Since 1922 


In Clanada 

HRVNlI.Okl), ()NI 


Condensing Units by Unuersal Cooler 
form a completely overlapping line ot 
refrigeration equipment tor all automatic 
commercial applications: Store Case Re- 
frigeration, Walk-in Coolers, Liquid Cool- 
ing, Air Conditioning, Ice Cream Freezers, 
Ice Cream Cabinets, Truck Refrigeration 
and all t>pes and uses of automatic cooling 
whether operated by electricity or gasoline 
engines 

Universal Cooler condensing units have 
been developed by engineers lully con- 
versant with the requirements ot the air 
conditioning industry During the past 


tew y^ears a gieat many mathiiies have 
been installed, and the HKi7 line letlects 
the experience gamed on applic.itions ot 
every kind 

Regardless ol y'our needs send a detail 
ot youi rcciuiiemcnls and leain what 
Universal Cooler otteis A total ol 2(K) 
units Irom which to choose 

Ratings ot Universal Coolei Condensing 
Units are certified to the Rcjnjieriitioii 
Miuhiiiery Assonalton and the National 
Bledncal Manufat Inrci s A sun lation under 
Ameruan Satiety of Kefi ii^eiation Eiitfi- 
ncen' standards 
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Air Conditioning 


The Vilter Manufacturing Company 

Since 1867 

Milwaukee, Wisconsin 

AIR CONDITIONING EQUIPMENT FOR INDUSTRIAL OR 
COMFORT COOLING 


COMPRESSORS OF MODERN DESIGN 

Ammonia “Freon 12” or Methyl Chloride 



Compressors by \"ilter are the result ot nearly seventy years of research, development 
and e\penence gamed through thousands of installations in sizes trom one ton to several 
hundred tons These installations cover a range ot applications trom the most simple 
comfort cooling installation to the exacting requirements of temperature and humiditj 
control necessary to the successful operation of certain industries 

The new Vilter “Freon 12” Compressors embody many outstanding new features 
two of w’hich are of major importance and exclusive A new, Vilter developed, shatt seal 
which prevents leakage, and the elimination ol certain friction factors which result in 
extremely low^ relative horsepow^er per ton 

Vilter Air Washers — designed for industrial air conditioning Positive control of 
humidity, temperature, and circulation of air Automatic or hand operated Eliminators 
are incorporated tor entrained moisture removal Odors and dust are removed by water 
sprays No filter replacement Low' cost operation Good for low or high temperature 
cooling 

Vilter Mono-Unit Air Conditioners — are built in a complete range of si/es and 
types Irom small ceiling units to large floor units 

For refrigeration and air conditioning projects Vilter can supply the equipment 

UNIT AIR CONDITIONERS 

Dry Coil Spray Type Air Washer 



Whether the application requires a standard unit conditioner ot the dry coil or spray 
type or a large central system ot the Washer type, \Mter Equipment of sturdy construc- 
tion and ample capacity is available 


BuUehns describing this Vilter Equipment are available for the asking, 
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Ait Conditioning 


Westinghouse Electric & Manufacturing Co. 

Mansfield, Ohio 


Sales, engineering and service facilities available 
through local distributors in principal cities 


HERMETICALLY-SEALED 
CONDENSING UNITS 
The newest development of Westing- 
house Research and Design Engineers 
IS a complete line of Hermetically- 
sealed Condensmg Units for air con- 
ditioning — from 1 to 23 tons capacity 
These new machines are forty per cent 
smaller in size, as much as fifty per cent 
lighter in weight They permit great 
flexibility in the design of systems, save 
money in onginal installation costs and 
upkeep 

Entire operating mechanism is en- 
closed in one solid casting, eliminating 
protruding shafts and troublesome 
“stuffing boxes*' Direct dnve of 
cran^haft by motor located tnstde the 
housing eliminates the necessity of a 
heavy supporting chassis, while greatly 
reducing noise and vibration The 
complete mechanism is water-cooled, 
includmg the motor, permitting instal- 
lation m unventilated locations 
By removinpf the side plates of the 
crankcase casting, the entire operating 
mechanism is accessible for adjustment 



Westinghouse Hermeitcally-sealed Unit, Type ClJs-705 
Rated capaaty 266,400 Btu/ Hr Weight 2,000 lbs 

and service No refrigerant or water lines 
need be disconnected 

In all, seventeen important improvements 
have been introduced in these new Westing- 
house Condensing Units for air conditioning 


NEW EVAPORATORS . . . CONDITIONING UNITS . . . MOBILAIRE 



WE Evaporators — A new line of 
extended surface Freon Evaporators ex- 
actly matching in capacities the new 
Westinghouse Hermetically-sealed Con- 
densing Units 

Air Conditioning Units— In wall or 
ceiling mounted units, or in floor cabinets 
Available for summer conditioning, winter 
conditioning, or complete year around 
service 
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Standard Water-cooled Mobilaire — 
A self-contained room cooler, the Westing- 
house Mohtlatre provides complete summer 
air conditioning by cooling, de-humidi- 
lying, filtenng and gently circulating the 
air Easily installed in any room where 
el^trical and water connections are avail- 
able It is powered by the famous West- 
inghouse Hermetically-sealed Mechanism, 
which IS beicked by a 5-year warranty 




Air Conditioning 


York Ice Machinery Corporation 

General Offices: York, Pennsylyaiiia 

Direct Factory Branches m 70 U. S. Cities 

Complete Air Conditioning and Refrigerating Systems for 
maintaining proper atmospheric conditions for industrial pro- 
cesses and human comfort. Ayailable in central and unit sys- 
tems . . . from fractional tonnage up to any capacity required. 





loik Siandtvd Dehumtdtfier 
'iL'ith C oiU 



Yoik n ater Cooling System 


Air Conditioners — Horizontal and Vertical Models: 
Capacities up to thirty-five tons, unit air conditioners 
for horizontal or vertical installation, with or without 
ducts, with complete or partial automatic control, for 
complete year-round air conditioning — summer cooling 
and dehumidification, winter heating and humidification, 
year-round circulation, filtering and ventilation, including 
a definite supply of outside air introduced under the 
positive pressure of the supply fan of the conditioner 
Standard Dehumidifiers — With or Without Coils: 
York air dehumidifiers have been developed to obtain 
unusually efficient performance when compared with 
conventional air washer design — accomplished by a 
refined system of water distribution and improved inlet 
deflector and eliminator arrangement Can be furnished 
in all sizes and capacities, seven feet standard length, 
with and without cooling coils depending upon require- 
ments When evaporator coil surface is included in the 
spray chamber of an air dehumidifier the usual water 
cooler furnished "with the refrigeration system can be 
eliminated Both types of air dehumidifiers regularly 
furnished as a part of central station air conditioning 
systems being so arranged with fans, heating equipment, 
automatic controls, air distributing ductwork, and acces- 
sories to provide year-round air conditioning 
York Water Cooling and Condensing Systems* 

For dehumidification duty York offers a complete line of 
water cooling systems built in standard sizes up to eight 
hundred tons capacity Supplied for both industrial as 
well as comfort cooling applications 
Long Life — made possible by the use of non-ferrous 
heat transmission surfaces in condenser and cooler — slow 
speed positive displacement reciprocating compressors 
Safety — made possible by the use of the safe refrig- 
erant Freon-12 

High Efficiency — made possible only by the careful 
proportioning of condensing and cooling surface against 
refrigeration compressors of the vertical single acting 
reciprocating type Economical operation obtained at 
all conditions of load through manual or automatic 
capacity reduction bypass vaK es built in the compressor 
Space Requirements — 50 per cent less than steel 
tube designs^ — arranged for easy access and maintenance. 
For applications of direct expansion cooling the water 
cooling systems are furnished less the water cooler, 
thereby making possible the same advantages in Con- 
densing Systems 

The York Economizer, a combined forced draft cooling 
tower and refrigerant condenser Replaces usual shell 
and tube condenser when water rates are prohibitive, 
where municipal ordinances restrict the use of water or 
where drainage systems or sew'ers are inadequate 
York Engineering Service: 

In York branches throughout the w'orld, trained engi- 
neers cooperate m preparation of plans for all types of 
Air Conditioning Applications 
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Air Conditioning {Accessary Units) 


Air Controls, Inc. 

Div. of 

The Cleveland Heater Co. 

1937 West 114th Street, Cleveland, Ohio 

Manufacturers of REX AIR- PAX Forced Air Heating and Air Conditioning 
Units, A. G. Blowers and REX Airate Air Circulators 



A, C. BLOWER WITH LOUVRES 
A high efficiency blower for forced air 
heating and air conditioning installations 
Automatic Louvres prevent damage to 
furnace due to overheating and are essen- 
tial for safety on oil, gas and coal fired 
furnaces. 



A. C. BLOWER WITHOUT LOUVRES 
A. C Blowers are quiet and are designed 
to deliver proper amount of air whether 
filters are dirty or clean They occupy 
small space but deliver large volume of air. 
Send for bulletin describing them 



As shown above the REX AIR-PAK 
can be obtained without louvres when so 
desired Send for Simplified Elector 
Chart and Performance Data 



THE REX AIR-PAK 

The REX AIR-PAK blovver-filter unit 
ior lorcecl air heating and conditioning ib 
encased in an attractive red casing with 
black top and trimmings Casing comes 
in panels and can be assembled in H) mm 
without screw's, bolts or slip jointb Killers 
have high cleaning capacity and low 
resistance Blower is quiet and Iree Iroin 
vibration All moving parts are rubber 
mounted Self-aligning bearings ic(|iure 
oiling once a year Casing has removable 
back which permits cool basement air to 
be drawn through fillers lor summei use 

The REX AIR-I^AK is eciuipjied with 
the lamous Patented Automatic By-pass 
Louvres wffiich permit unobstructed circu- 
lation by gravity when blower is not 
running 


THE 

REX AIRATE 

A large volume 
circulator lor com- 
mercial or attic 
ventilation At- 
tractive, quiet, 
powerful and eco- 
nomical Write lor 
bulletins 
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Ait Conditioning, Automatic Heating Systems 


AMERICAN R ADIATOR C OMPANY 

pivmowQF AMEincAN B adiaidr & SiaNiMBi) .SANiiaiar r X)HP01Um0N 
40 West 40th Street, New York, N. Y. 

NEW AMERICAN RADIATOR CONDITIONING SYSTEMS 



In this new kind of home conditioning 
presented byAmencan Radiator Company, 
the heating operates independently of the 
other 1 unctions of air conditioning This 
permits operation oi the conditioning even 
w hen the heat ing is off or of heating alone 
when no conditioning is necessary It 
simplifies duct work, too, since ducts do 
not carry the heating load 

The illustration shows a typical system 
The Conditioning Unit is suspended Irom 
the ceiling of the basement on rubber 
dampers Air is filtered as it enters, then 
brought to a comiortable temperature by 
tempering coils A spray humidifier pro- 


NEW ARCO AIR CONDITIONER 



Used with radiator heating, it provides 
Fresh Air Ventilation, Humidification, Air 
Cleaning, Circulation It is easily added 
to existing radiator systems to add the 
benefits ol air conditioning to the benefits 
of radiator heat 



vides correct moisture content A Sirocco 
Blower in the unit silently lorces the con- 
ditioned air through the house 

A radiator system— steam, hot water or 
vapor — provides heat There are new con- 
trols, new^ valves, new \ ents w hich improve 
heat distribution Arco Pipe and Fittings 
ot pure wrought copper connect boiler, 
radiators and hot w^ater supply sjsteni 
Because of low conductivity they cut dow n 
heat loss, they are rustproof, cakeproof, 
and corrosion resisting 

The system is simple to install There is 
a minimum ol ductwork outlets and 
return grilles being generally recommended 
only for the first floor, in as few' rooms as is 
advisable Introduced even at only one 
point, the conditioned air will naturally 
permeate the entire house 

Another advantage of the system is in 
modernization w'ork as the air conditioning 
unit is easily added to existing radiator 
systems 

ARCO AIR FILTER 
Replacement type 
\"iscous coated Pro- 
vides 00 deg change in 
air flow Available in 
many sizes Unilorm 
construction insures 
thorough filtering ot 
the air 


(See American Radiator Company pages 898-901, 974 and Subbidianes) 
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Air Conditioning, Automatic Heating Systems 



Airtemp Incorporated 





Dayton, Ohio 

Subsidiary of 

Chrysler Corporation 
Complete Air Conditioning Systems for all Types of Buildings 

AIRTEMP COMMERCIAL AIR CONDITIONERS 



Airtemp T eittcal Condttiontr 

AIRTEMP AIR CONDITIONERS 
S and y Series Units 
Available for either vertical floor mount- 
ing or horizontal suspension, are designed 
to provide all the functions of year round 
air conditioning or may be furnished to 
provide only summer or >Mnter condition- 
ing Standard units in capacities to 4600 
cfm in various sizes, including automatic 
temperature and humidir> control 





AtiUmp Suiptndid C onditiom'r 

Airtemp Units are especially designed 
for quiet operation, employing new princi- 
ples of rubber mounting and acoustic 
treatment Frames are of waUlcd con- 
struction Designed lor either tree dis- 
charge or ducts 


The 3 SC— “All-in-One” 

Air Conditioner 

A heavy duty conditioner ol 3 hp 
capacity, employing Airtemp’s new sealed, 
radial compressor, enclosed in an attractive 
casing unique in design and assembly 
Factory assembled, 
tested and shipped 
ready for instal- 
lation, requiring 
merely simple elec- 
tric service and 
water connections 
m the field for 
operation 


Individual Room Conditioner — ^Type C-1 

A small compact conditioner designed especially for hotel rooms, 
apartment hotels or office building conditioning Conditioning 
surface suitable for direct expansion. Freon or cold water circu- 
lation. Equipped for 

"7 ■ I I .11 automatic temperature 

e , ' ' ^ control (Flexibility 

in Its application to new' 
or existing structures, 
makes this equipment 
suitable for multiple in- 
stallation in hotel guest 
rooms) Nominal 1 Ton 
300 cfm capacity 
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Airtemp Incorporated Air Conditioning, Automatic Heating Systems 


AIRTEMP RESIDENTIAL AIR CONDITIONERS 



Airtemp Direct Oil and Gas Fired 
Conditioners with Self-Contained 
Package Type Cooling Unit 



A compact system that provides complete 
Winter and Summer Air Conditioning 
The heating element is designed for high 
efficiency The cooling unit contains Air- 
temp’s radial sealed compressor of new and 
compact design, cooling coil, complete 
automatic controls, etc Capacities to suit 
normal requirements 






Airtemp Oil Burner 

A high pressure gun type oil burner used in Airtemp 
Winter Conditioners and Boiler Burners, or as Con- 
version Burners Has oversized motor, shielded trans- 
former protection against radio interference, completely 
enclosed wiring, self-aligning coupling Uses No 3 
fuel oiL Adjustable oil pressures, capacities, etc 


Airtemp Gas Fired 
Boilers 

Cast iron external water 
tube construction Jacket 
m Stratosphere blue with 
chrome trim Completely 
automatic Available in 
nine sizes Natural, mixed 
or manufactured gas Ap- 
proved by A G A 


Airtemp Boiler Burner 

Cast iron sectionalized 
wet base construction 
Jacket of automotive steel, 
finished in Airtemp blue 
For steam or water, com- 
plete with controls Capaci- 
ties 600 to 1200 sq ft steam, 
in three boiler sizes 


Airtemp Air Conditioner 
for Split System 
Oi)eration 

A complete Air Unit con- 
sisting of fan, filters, hu- 
midifier and steam coil 
Enclosed in an attractive 
cabinet, finished in Airtemp 
blue Can be furnished 
with cooling coil for summer 
conditioning 
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Air Conditioning, Automatic Heating Systems 


Electrol Incorporated 

FINE OIL HEATING EQUIPMENT EXCLUSIVELY SINGE 1918 

934 Main Avenue, Clifton, N. J. 

Conversion Burners, Boiler-Burner Units, Air Conditioning Units 


ELECTROL Air Conditioning Units 

F. C. Series, Blower Units*' — Attached to an e\ibting warm air lunuicc Conlams 
circulating fan and filters Sturdy in construction, simple and economical in operation 
Fan draws air through an efficient filter that removes all dust and impurities, circulates 
warm, clean and moist air evenly and without dratts throughout the house llumidifier 
spray is located in jacket ot turnace Amount ot moisture iniected into air is controlled 
by Humitrol in living quarters In Summer, Blower Unit can be used to circulate 
filtered air 


Dimensions and Capacity Tables 
Electrol Gravity Warm Air Conversion Units- -Series F. G. 


Model 

Height 

11 

Width 

Length j 

Outlet 

Length 

Outlet 1 

Width 

Inlet 

Length 

Inlet 1 

Width 11 

Approxi- !| 

mate j 

Shipping 
Weight |1 

Fan Speed 


I urnace Data 

CFM 

SP 

y4" 

555” 

Motor 

Hp 

r urnace 
Sl2U. 

Gravity Pipe 
Area Rating 
Sq In 

450-550 

Btu 

per Hour 

61000-75000 

FCl 


28" 

|34‘/2" 

|I4‘/2',I2' I 

24' 1 

18' 1 

1 170 1 

1000 

1/6 

22 '-24" 

FC2 

341/2" 

30>/2" 

34i/2*|l4'/2*’|l3»e'| 

|24'| 

1 18" 

250 

1 1400 

530 

'/4 

2o".23' 

700-820 

95000-112000 

FC3 


33'/2" 

40" 

1171/2' 

I'lSU"! 

|30-| 

18" 

350 i 

1 2000 

455 


29"-30' 

990-1150 

135000-157000 

5 

37‘/2" 

33‘/2" 

42‘/2" 

19'/2" 

18^8" 

30" 

24" 

1 

400 

1 2500 

375" 


32 '-34" 

1270-1400 

172000-190000 


S-S Series, Split-System Air Conditioner ‘‘—Used in coniunction with evisting 
boiler Consists of circulating fan, air filters, humidifier and heating coil Radiators arc 
removed from rooms to be conditioned and duct wrork is installed The Unit circulalcb 
moist, warm and clean air efficiently No danger ol dralts Blower unit can be used for 
ventilation in Summer 


Capacity Table — Electrol Split System Air Conditioner Units - Series SS 


Model 

Heating Capacity 

Btu per Hour 


Air Capacity 


Btu per Hour 
Cooling Capacity 


Hot Water 180" 

Steam 1 lb Pressure 

CFM 

WGS 

Fan Speed 

Motor HP 

50“ Water 

SS 1 

1 

86000 

87500 

1120 

w 

716 

'/4 

22000 

6GPM 

SS2 

155000 

162000 

2000 

Vs" 

558 


40500 

I2GPM 

SS3 

206000 

217000 

2700 

Vi” 

656 

'/i ^ 

54400 

lOGPM 

SS4 

240000 

307000 

3600 

’/2" 

630 

y4 

61400 

12GPM 


Dimensions 


Model 

Height 

Width 

Length 

Outlet 

Length 

Outlet 

Width 

” m ' 

Inlet 

Length 

Inlet Approximate 

Width Shipping Weight 

12 600 

SS 1 

48‘/2 

413/4 

35'/2 

26 

26 

SS2 

60‘/2 

583/4 

35«/2 

26 

20 

26 

" 40 ' ] 

20 900 

20 1200 

211/2 1500 

SS3 

60'/2 

563/8 

51'/2 

40 

20 

SS4 

60>/2 

63V8 

59'/4 

60 

213/4 

60 ”” 


Height ot outlet and inlet collars tor Duct Connections 1 ‘ > in 
‘Provision made tor addition ot de-lnimiditvmg and cooling equipment 


See also Page 9^1 
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Electrol Incorporated Air Conditioning, Automaiic Heating Systems 


D. F. Series, Direct Fired Furnace Conditioner* — 

For new construction or homes that are being remodeled 
Heats air and automatically maintains temperature lor 
which It IS set Thoroughly cleanses the air b> means of 
efficient renewable fillers Positively circulates the air 
by means of a motor operated blower of ample capacity 
Humidifies b\ means ot patented spray device Fired by 
Electrol Oil Burner Guaranteed 80 per cent efficient 
wffien operated at rated capacities Low grille tempera- 
tures, low \ elocity air Beautitull> jacketed 


Capacity Table — Electrol Warm Air Furnaces — Series D. F. 


Model 

Btu 

per Hour 
at 

Bonnet 

Btu 

per Hour 
at 

Grilles 

Air 

Temp 

at 

Bonnet 

Oil 

Rate 

Lbs 

1 Hr 

Heating Surface 


i 

Air Capacity 


Primary 

Secondary 

Total 

iCFM 

1 at 70'’ 1 

SP 

Fan 

Speed 

Motor 

HP 

DF 1 

120,000 

100,000 

145-165 

1 8 65 

24 

54 

78 

! 1450 


603 

V4 

DF2 

Tso.ooo 

125 000 

145-165 

9 70 1 

1 M 

57 

81 

1650 1 

I--" 1 

* \ 

500 

I 3 

DF3 

175,000 

145,000 

145-165 

1 1 90 

1 

61 

85 

1850 , 

W 

513 

«/2 

DF4 

225,000 

185 000 

145-165 

14 40 

1 26 

86 

1i2~ 

2450 

1// 

423 




Dimensions 


Model 

1 

Height 

Length 

Width 

1 

1 

Outlet 

Width 

Outlet 

Length 

' Inlet 
Width 

Inlet 

Length 

Approximate 
Shippmg Weight 

DF 1 

56'/2 

921/2 

331/2 

24 1 

1 30 

24 

20 

1400 

DF2 

56'/2 

921/2 

3314 

24 


, 24 

24 1 

1600 

“"dts 

56V2 

~'92i^“" 

1 331/2 

24 

30 

24 


1800 

DF4 

601/2 

971/2 

1 351/2 

24 

32 1 


28 

2000 


Height ot outlet and inlet collars tor Duct Connections 1^2 in 


Series SSJ, Room Conditioner* — Will circulate, filter and humidity the air in one 
or more rooms Contains blow^er unit, spray type humidifier and extended surface 
heating coil Takes the place of an existing radiator 
RC Series, Room Cooling Unit — For cases where Summer conditioning only is 
desired Consists of w^ater cooled unit tor 


cooling and de-humiditying, filters and fan 
Refrigerating mechanism and fan operate 
independently ot each other 


Capacity Table (Per Hour) 
Series SSJ 


Heating and Humidifying 

Cooling 

Steam 1 lb Press 

39,200 Btu 4 gals 

Hot Water 

120° 14,200 Btu 1 gal 
150° 21 ,600 Btu 2 gals 
180^31,000 Btu 3 gals 

Air Capacity 350 CFM Fan 
Speed 1140 RPM Motor 
HP 1/30 

Water at 40°(2 gpm) 8000 Btu 
Water at 50°(3 gpm) 4800 Btu 


Electrol Unit Room Cooler- 
Senes R C. 

I I 'I j Btu I 

Model Height, Length, Width pressor, 

i Net i 


CFM 


RCI 

34 

36 

18 

650 

2503 

1/4 

1480-520 

RC2 

34 

'lEI 

1 18 

500 

6m 


1500575 

RC2AI 


1 





1 

deluxe | 

33 

1 35 

19 

' 680 ! 

7045| 

Vi 

600 

RC3 1 

"yT 

r'45 

21 

"^5 1 

" 9 ^ 

1 

1600 

RC4 

37 

1 « 

i 31 

465 !12,980 

1 1 1600 


I 


Cooling requirements vary with exposure number of 
occupants and other local conditions and should be correctly 
calculated in every case to determine size of unit required 


•‘Provision made ior addition ot de-liumiditying and cooling equipment 
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Air Conditioning, Automatic Heating Systems 


The Fox Furnace Company 

Elyria, Ohio 

Divisioii of American Radiator and Standard Sanitary Corporation 


Sales Offices: 
Cleveland, Ohio 
New York, N Y 
Boston, Mass 
San Francisco, Calif 


SUNBEAM 

JMR CONDmONlNG 


Jobbers in principal 
cities. Engineering 
layouts provided by 
factory 



Sertes No ‘300 tntertor vtew, showing attractive 
cabinet, integral oil burner, inner eating, heating 
element, hurntdifier {at top of heating element), 
olower, motor and filters 


Sunbeam Oil Fired Air Conditioning Units 
Series No. 200 and 400 

Like gas and coal fired Sunbeam Units 
shown herein, this senes is designed to air con- 
dition residences and small stores, churches 
and other buildings Each Air Conditioner 
heats, filters, humidifies and circulates the air 
m winter and provides circulation of filtered 
air in summer Mechanical cooling can be 
added 

Exterior Cabinet — 20 gauge furniture 
steel, modem design, bolts and screws con- 
cealed, finished in two tones of green glossy 
enamel 

Heating Element— 7 gauge boiler plate, 
riveted and welded. Radiator made of 12 
gauge boiler plate 

Blower and Motor — Blower is of double 
inlet type with forward curved, closely spaced 
blades Moves large volume of air at low 
speeds Equipped with self-aligning bearings 

Motor is of Capacitor tjrpe and is equipped with fuse dev ice to pre\ ent damage from 
overloading 

Humidifier — Either spray or drip type humidifier can be furnished Spray humidifier 
IS regulated by a Humidistat 

Minneapolis-Honeywell Controls which regulate temperature and humidity are 
provided 

Filters — Sunbeam Filters provide high cleaning efficiency and long life Are treated 
with large amount of adhesive without clogging the air passages 

Oil Burner Series 200 — Burner is integral part of this unit aiul is placed inside 
cabinet as illustrated Coordinated Air Conditioner and burner results in high efficiency 
and economical fuel consumption 

Series 400— Burner is not furnished with this unit A space 40 in wide, 22^ m 
high provided in rear will accommodate practically any gun type conversion oil burner 

See next page for Capacities and Dimensions 

Series 720 R-9 and 720 R-10 
This series, which performs the same air conditioning 
functions as the series desenbed above, is moderately 
pneed, designed for small and average size homes It is 
compact and requires little space 
The 720 R-10 is for installation in the basement. 

The 720 R-9 is specially designed for homes or small 
buildings having no basement. 

Exterior Cabinet — Finished in crystalline baked 
enamel 

Heating Element — Heavy boiler plate steel, riveted 
and welded Combustion chamber is of 8 gauge steel, 
radiator of 12 gauge 

Inner CaMg— Galvanized iron Air circulating 
between inner and outer casing keeps cabinet cool 

Oil Burner — Rotary wall name type, completely and ingeniously assembled at the 
factory m cast iron frame, ready for insertion in the heating element. 

Equipment — Blower, Motor, Filters, Controls and Humidifiers same as in Senes 200 
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Series 7 SO R-10 Sunbeam show- 
ing filters, blower and motor 



The Fox Furnace Co. 


Air Conditioning, Automatic Healing Systems 


Capacities — Blower-Motor-Filter Specifications — 
Series No. 200-400— 720-R-9—720-R- 10 


No 

tCap at Reg 
(Oil-Fircd) 

Blower 

No 

*Max CFM 
Required 
at65"F 

*Approx 

Blower 

RPM 

Dia of 
Blower 
Wheel 

No of 
Blowers 

Motor 

HP 

Motor 

RPM 

Number 

Filters 

224 and 424 

177.000 to 186,000 

I-I5 

1827 

380 

15^ ' 1 

V4 

'/? 

1725 

3(16"x25") 

224 and 424 

1 56,000 to 176,000 

1-15 

1725 

375 

15^ 1 

1725 

3 a 6" X 25") 

224 and 424 

124 000tol55 000 

1-15 

1522 

350 

' 1 


1725 

3(16"x25") 

224 and 424 

100,000 to 123,000 

1-12 

1218 

482 

12" i 1 

V4 

1725 

3a6"x25") 

720-R-9 

loaooo 

1-9 

986 

655 

9y4" 

1 

'/4 

1725 

2<l6"x25") 

720-R-9 

75,000 

1-9 

740 

576 

9'/4" 

1 

'/4 

1725 

2(16" X 25") 

720-R-9 

5D.OOO 

1-9 

493 

510 

9'// 

1 

«/4 

1725 

2(16" X 25") 

72a-R-10 

100,000 

1 MO 

986 

515 

lOVa" 

1 

'/4 

1725 

2(16" X 25") 

720-RrIO 

75,000 

1-10 

740 

486 

ma" 

I 

V4 

1725 

2(l6"x25") 

720-R-10 

50,000 

1-10 

493 

480 

lOVs" 

1 

•/4 

1725 

2(16" X 25") 


♦Air heated trom 05" to 165" increases 19 per cent in volume Therefore warm air ducts should ha\e 
capacity for 19 per cent greater C F M than hated above R P M based on 34 m S P in Senes No 200 
and 400 and on % m S P in Series No 720- R 

1 Combustion rate of oil burner must conform to tlie heating retiuirements of the installation 


Dimensions— Series No. 200 — 400— 720-R-0— 720-R-10 


No 

Overall 

Width 

Overall 

Depth 

Ht Heating 
Compartment 

Ht Blower 
Compartment 

Air Discharge | 
Opening I 

Air Intake 
Opening 

224 and 424 | 

1 *761/4'^ 

1575/g" 

58%' 

I 433 / 4 " 

24" X 26" I 

13"x42* 


■*Allow 2 ft at side of blower compartment for removal and replacement ot filters 
IAII 0 W 2 ft in front for opening of doors fAlIow 2 ft in rear tor flue outlet 


720-R-9 42^ ^t675/8» 6(r j I 83 / 4 '' IS^xIS" 2 (4t/2'' x 24‘/2'') 

tAlloi^ 24 in at front for access to burner \llow 24 in at rear for access to blowei, motor and filters 


720-R.I0 I * 67 " j 60* I 371 / 4 '^ | I8''xl8'^ 12''x35«/2'' 


tAllow 24 in in front for access to burner *Allow 17 in in rear tor smoke outlet *'\.llow 24 in on 
side for removal ot filters 

Sunbeam Goal Fired Air Conditioning Units 

I I ( I Coal fired models have heavy, sturdy heating elements 

designed to extract a maximum of heat from the fuel 
burned They are long lived and require a minimum of 
attention and servicing The duplex type of grate is 
standard equipment 

Series No. 80 

Exterior Cabinet — Finished in attractive crystalline 
baked enamel 

Heating Element — 7 gauge boiler plate, riveted and 
welded Radiator made ol 12 gauge boiler plate 
Blower and Motor — Blower is of double inlet type with 
forward curved, closely spaced blades Moves large 
volume of air at low speeds Equipped with self-aligning 
bearings 

Motor is of Capacitor type and is equipped with fuse 
device to prevent damage Irom overloading 
Series No 80 View of interior Humidifier — Either spray or drip type humidifier can be 

showing blower, motor, jilters and furnished Spray humidifier is regulated by a Humidistat 
spray Minneapolis-Honeywell Controls which regulate 

temperature and humidity are furnished 

Filters — Sunbeam Filters provide high cleaning efficiency and long life Are treated 
with large amount of adhesive without clogging the air passages 
Stoker Fired and Oil Fired Models — The Series No 80 is available in stoker and 
oil fired models See table on jollowing page for capacities 
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The Fox Furnace Co. 


Air Conditioning, Automatic Heating Systems 


THE FOX FURNACE COMPANY 


Sunbeam Coal Fired Air Conditioning Units f Con’d.) 

Series No. 20 

This senes meets the demand of the a\ erage home oa,\ ner MHhMjMMMM 
\\ho desires the benefit of air conditioning and is seeking a 1 ri 

moderately priced unit to install in a new home or to .1 

replace an inefficient furnace Features that assure \ears Si L \ 

of satisfactory’ and healthful service are incorporated in FI 
this unit I 

Exterior Cabinet — Finished in cry'stalline baked \ 
enamel K J 

Heating Element — Cast iron Has large area of i BmE 

heating surface Is long-lived and gas-tight . . 

Inner Casing — Galvanized iron Air circulating be- 
tween inner and outer casing keeps cabinet cool Initnoi nrnf of Sents No jn 

Equipment— Bloi\er, Motor, Filters, Humidifiers and 
Controls same as in Series SO 

Capacities — Blower-Motor-Filter Specifications — Series No. 80 and 20 



Btu Capacity at 

Blovrer 

Coal Hand Fired 

Oil or Stoker Fired 

Number 

Motor 

Motor 

Number 

Register 


approx 


JApprox 

No 

Coal 

Hand 

Fired 

Oil Fired 
or Stoker 
Fired 

No 

1C FM 
Required 
at 65“ F 

Blower 

RPM 

at«/4" 

SP 

JC FM 
Required 
at 65“ F 

Blower 

RPM 

at 

SP 

Blowtf 

HP 

RPM 

Filters 



2280 

103,000 

117,000 

1-1 2A 

1112 

401 

1260 

430 

12' 1 


1725 

2 (20' X 20') 

2480 

118000 

134,000 

1-12A 

1269 

430 

1439 

459 

12' 1 

Vi 

1725 

2 (20' X 20') 

2780 

155,000 

176 000 

1-15A 

1666 

367 

1890 

380 

15' 1 


1725 

3 Ob'' *25') 

3080 1 

182 000 

207 000 

1-18A 

1962 

295 

2225 

300 

18' 1 


1725 

4(16' X 25') 

3480 j 

222,000 

232,000 

1-21A 

2385 

245 

2705 

255 

21' 1 

V4 

1725 

406' X 25') 

4020 

78 000 

88,000 

1-1 2A 

838 

373 

951 

390 

12' I 

•4 

1725 

2 (20' X 20') 

4420 1 

' 95,000 

108,000 

I-I2A 

1020 

401 

1158 

430 

12' 1 

U 

1725 

2 (20' X 20') 

4820 

111 000 

126,000 

1-12A 

1195 

430 

1356 

459 

12' 1 

Va 

1725 

2 (20' X 20') 

5220 

1 133,000 

150,000 

1-12A 

1426 

459 

1618 

487 

12' 1 

'/4 

1725 

3(16' X 25') 

5620 

153,000 

173 000 

1-12A 

1644 

487 

1863 

516 

12' 1 


1725 

3 06' X 25') 

tAir heated from 03 

to 163 F increases 19 per cent in volume 

Therclorc warm ai 

dm Is bhould lia\ < 


capacity for 19 per cent greater C F M than listed above 

Dimensions — Series No. 80 


No 

T*Overall 

Width 

Height 

Heating 

Compartment 

Height 

Blower 

Compartment 

‘Width of 
Blower 
Compartment 

'Overall 

Depth 

Air Dibchdrge | 
Opening 

Air Intake 
Opening 

2280 

74' 

60' 

37 '/ 4 '' 

28' 

45’ b" 

20'x20' 

12'x40' 

2480 

76' 

60' 

371/4' 

28' 

481/8'^ 

53*8' 

22'x22' 

12'x40' 

2780 

8312' 

67' 

42' 

29' 

25'x25' 

12' X 48>/2'' 
17' x 545 8' 

3080 

90' 

67' 

43' 

32'/2' 

57'/s' 

27'x27' 

3480 

98V2'' 

67' 

48' 

37' 

61' 

30'x30' 

17' X 58V2'' 


"Smoke Pipe Tee extends out approximately 24 m additional in Nos 22S0 and 2 ISO, and 32 in in 
larger sizes f Includes -vndth of angle iron base -SMlow clearance at side equal to wultli ot Ijlowvr compart- 
ment for remo\aI ot filters, blower and motor 


Dimensions— Senes No. 20 



J.UUUUCS W1UL.U augic iron oase 
removal ot filters, blo\ter and motor. 
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The Fox Furnace Co. Air Conditioning, Aubmatic Heating Systems 


THE FOX FURNACE COMPANY 

Sunbeam Gas Fired Air Conditioning Units 
Series D 

This senes, which performs the same functions as all 
other Sunbeam Air Conditioners, has the same attractive 
appearance as the Series 200 All bolts, screws, valves, 
pipes and wiring are located inside the cabinet out of sight, 
yet are readily accessible 

Exterior Cabinet — 20 gauge furniture steel Modern 
in design and finished in two tones of green glossy enamel 
Heating Elements — Cast iron Long-lived and leak- 
proof. Provide unusually high efficiency 
Equipment — Blower, Motor, Filters, Humidifiers and 
Controls same as in Senes 200 


Series M 

This senes is designed and priced for small and average 
size homes Although modern in appearance and efficient 
in operation it is substantially lower in cost than the 
Series D 

Exterior Cabinet — Finished in green crystalline enamel 
with dark green glossy enamel trim 

Heating Elements — Made of 16 gauge steel, unique 
design provides ample heating surface and long fire travel. 

Equipment — Blower, Motor, Filters, Humidifiers and 
Controls same as in Senes 200 


Rating — Blower-Motor-Filter Specifications — Series D and M 


No 

AGA Btu 
Input per Hour 

Btu Capacity 
at Registers 

Blower 

No 

*Blower 

CFM 

at65F 

*Approx 

Blower 

RPM 

Diameter 
of Wheel 

Motor 

HP 

fNundber 

Filters 

D-2 

140.000 

107,100 

1-I2A 

1016 

401 

12*' 

'4 

2 

D-3 

210 000 

160,650 

1-15A 

1526 

344 

15*' 


3 

D-4 

260 000 

214 200 

I-I8A 

2032 

300 

18^ 


4 

D-5 ! 

350.000 

267,750 

2-15A 

2540 

344 

15*' 

Vz 

4 

M.2 

80,000 

61,200 

1-10A 

1 580 

550 

105/8-^ 

V4 

2 

M.3 

120.000 

91.800 

1-12A 

870 

380 

12'" 

>4 

2 

M-4 

160,000 

122,400 

1-I2A 

1160 

475 

12*' 

'4 ! 

3 

M-5 

200.000 

153,000 

1-15A 

1450 

340 

\y 

: 

3 


+Air heated trom Go to 1()5 F increases 19 per cent in volume Therefore, warm air ducts should have 
capacity tor 19 per cent jrreater C F M than hated above fSize of filter, 16*' x 25*' 



Iniettor view of Senes M 
showing heating element, 
burner, valves, inner casing, 
blower, motor and filters 



Interior view of Senes D showing 
heating element, burner, ther^ 
mostatic pilot, spray humidifier, 
blower, motor and filters 


Dimensions — Series D and M 


No 

Width of 
Heating 
Compartment 

Overall 

Depth 

Overall 

Height 

Width of 
Blower 
Compartment 

Height of 
Blower 
Compartment 

Depth of 
Blower 
Compartment 

Air 

Discharge 

Opening 

Air 

Intake 

Openmg 

mm 

441/2*' 

^ 75 %^ 

58 ' 

391/2' 


28 ' 

I 6 'x 22 ' 

12 %' X 351/4' 

KSfl 

56 ' 

^ 76 %' 

58 ' 

48 < 4 ' 

41 %' 

29 ' 

16 'x 34 ' 

123 /?' X 44 ' 


7OV2'' i 


58 ' 

65 %' 

4 iys' 

32 %' 

I 6 'x 45 ' 

I 234 'x 59 ' 4 ' 


82 ' 

1 -" 763 / 8 ^ 

58 ' 

86 ' 

4 J%" 

29 ' 

16 'x 56 «/ 2 ' 

I 23 /?'x 70 ' 


^Allow clearance m rear equal to depth of blower compartment for removal of filters, blower and motor 
Allow 24 inches clearance in front lor removal ot baffles 


M-2 

M-3 

» 1 

*69%' 

1 *69%' 

54' 

54' 

35%' 

38%' 

39' 

39' 

W' 

I6'xl5' 

16'x221/2' 

10'x20' 

10'x30' 

M-4 

37!4' 1 

1 *69%' 

54' 

485%' 

39' 

29W 

16'x30' 

10'x40' 

M-5 

45%" 

*69%' 1 

54' 

48%' 1 

39' 

29%' 

16'x37%' 

I2'x42' 


*Allow clearance in rear equal to depth of blower compartment for removal of filters, blower and motor 
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Air Conditioning, Automatic Heating Systems 


Delco-Frigidaire Conditioning Division 

General Motors Sales Corporation 

Dayton, Ohio 


PRODUCTS OF 


GENERAL MOTORS 


Automatic Heating and Air Conditioning Equipment for Residential 
and Commercial Applications 


Delco-Fngidaire air conditioning equip- 
ment IS backed by the research, engineering 
and production facilities of General Motors, 
hose products have earned their reputa- 
tion for quality and value throughout the 
uorld 

Each product carries the specialized 
experience of the manufacturer in building 
precision equipment Careful manufactur- 
ing methods, backed by actual testing under 
operating conditions with rigid test super- 
vision, insure that each unit will meet the 
stnngent requirements set for all Delco- 
Frigidaire equipment 

In the field of summer air conditioning, 
basic research covering the requirements 
of equipment under operation, plus a wide 
experience in the refrigeration field and the 
ears of experience of General Motors in 
uildmg piston type equipment are all 
combined in the design and construction 
of Delco-Fngidaire products 
Freon, the safe refrigerant, was de- 
veloped by the combined research of 
General Motors, Fngidaire, and DuPont 
engineers m their search for a refrigerant 


which would fit the requirements of air 
conditioning It is now almost universally 
used, having answered many of the prob- 
lems of the industry 
In the heating field, General Motors has 
the advantage of the years of study and 
research entered into as the outstanding 
organization in the combustion and ap- 
plication of liquid fuels 
All Delco- Fngidaire equipment is built 
to be easy to install and operate, simple in 
construction and design, and quiet in 
operation, not only when new but after 
years of service It is backed by the 
stability and reputation of a responsible 
manufacturer, and has years of proven 
performance m installations of almost 
every type and under all conditions 
If you have a special problem or recjuire 
specific information on any of the Delco- 
Fngidaire products, see the classified 
section of your telephone directory for the 
name and address of your local distributor 
You will find it listed under “Air Con- 
ditioning — Delco-Fngidaire “ 


DELCO-FRIGIDAIRE CONDENSING UNITS 
Delco-Fngidaire 


Uelco-Fngida 
Condensing Units are 
designed for air con- 
ditioning application, 
and are matched to 
Delco-Frigidaire 
evaporators and unit 
air conditioners to 
give balanced opera- 
tion of the air con- 
ditioning system as a 
w hole 

Their design and 
construction have 
been governed by the 
basic idea that de- 
pendability and eco- 
nomy are two of the 

requirements in this type of equipment — 
dependability because it must function day 
after day with a minimum of attention, 
and economy because the owning and 
operating costs of an air conditioning 
system over a period of years may repre- 
sent a large investment as compared to the 
ongmal cost of installation 



FW-SS 10 HP CondenstnQ mii 
most important 


A few of the typical 
features which give 
Delco-Frigidaire con- 
densing units their 
added value are 
Specially treated 
compressor body 
castings, drop forged, 
case hardened alloy 
steel crankshaft; 
special machining of 
pistons tor precision 
fit, self-oiling Durex 
bearings, and cen- 
tnfugally cast bab- 
bitted connecting rod 
beanngs 

Condensing units are available in water- 
cooled models from 0 37 to 40 tons 
^P^city, and in air-cooled models from 
0 34 ton to 2 tons, rated at standard 
conditions 

Call your local Delco-Frigidaire dis- 
tributor for specifications covering this and 
other Delco-Fngidaire air conditioning 
equipment 
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Delco-Frigidaire 


Air Conditioning, Automatic Heating Systems 


DELCO-FRIGIDAIRE REMOTE AIR CONDITIONING UNITS 



Delco-Fngidaire re- 
mote type air condition- 
ing units are designed for 
use singly or in multiple 
with a Delco-Fngidaire 
condensing unit located 
m the basement, a near- 
by closet or storeroom, 
or other convenient loca- 
tion 

Floor mounted types 
are available in and 1 ton capacities for 
installation in smaller rooms or offices, or 
in multiple m larger areas Both may be 
equipped with heating coils for year around 
service, and have a convenient dial ther- 
mostat provided as standard equipment 


Typical floor type 
remote air con- 
dituming unit 


for control of room temperatures when 
cooling 

Ceiling suspended units are available in 
1 and 3 ton sizes for installation la loca- 
tions where floor space is limited The 
larger 3 ton size may be equipped with a 
heating coil for winter service, and a special 
model is available with a reheating coil for 
application in industry where dehumidi- 
fication only is required 

A special series of concealed suspended 
units, designed for installation in a closet 
space, IS available in K and 1 ton capacity 
This type is particularly adapted to in- 
stallations in hotel guest rooms, hospitals, 
apartments, etc 


DELCO-FRIGIDAIRE CENTRAL PLANT AIR CONDITIONING EQUIPMENT 


Delco - Fngidaire Cen- 
tral plant equipment for 
installations employing a 
duct distribution system 
includes a series of units 
factory designed and built 
for summer or year around air conditioning 
service 

Through selection of coil and fan equip- 
ment, capacity may be varied to meet the 
requirements of a particular installation, 
and Altering, heating and humidification 
added to cooling and dehumidifying as 
required 

These units are available in sizes of 
approximately 5, 10 and 20 tons capacity 

Delco-Frigidaire evaporators for larger 


built-up central plant in- 
stallations are available 
in a wide range of sizes 
and capacities They are 
designed to give a maxi- 
mum of cooling capacity 
in a minimum of space Low air resistance 
and low pressure drop in the evaporator 
coils mean greater operating efficiency 
and lower cost 

Delco-Frigidaire evaporative condensers 
are available for use on installations in 
communities where there is a scarcity of 
water, or where water for cooling the con- 
denser is available only at high rates 
They are available in capacities of 3, 10, 
20 and 40 tons 



DELCO-FRIGIDAIRE SELF-CONTAINED AIR CONDITIONERS 


« The Delco-Frigidaire 
Model SC-80 self-con- 
tained air conditioner 
provides cooling, dehu- 
midification and air cir- 
culation, to which may 
be added filtering and 
provision for ventila- 
tion air from outside if 
Typical floor type self- desired 
corUained unit con- As shown, the unit IS 
ditioner, approxi- enclosed in an attractive 
cafCcUu ^ butt 

grained walnut finish, designed to harmo- 
nize in any setting The water-cooled 
condensing unit installed in the lower 
section of the cabinet is carefully mounted, 
balanced and insulated to assure quiet 
operation A convenient dial is provided 


for thermostatic control of room tem- 
peratures 

Capacity of the SC-80 is approximately 
% ton at standard rating conditions 

A large model self-contained unit, 
SC-301, is adapted to installations in 
small stores, offices, etc , and particularly 
where there is a peculiar lease or alteration 
problem It can readily be moved to 
another location by disconnecting power, 
water, and dram lines If desired, the unit 
may be installed behind a partition, with 
only the outlet grilles exposed 

The condensing unit is 3 hp water- 
cooled, with a capacity of approximately 
3 tons Thermostatic control of room 
temperatures is provided as standard 
equipment 
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Delco-Frigidaire 


Air Conditioning, Automalic Heating Systems 


DELCO-HEAT BOILER UNITS 

In the Delco-Heat Boiler unit, the 
Delco-Heat Oil Burner or Gas Burner is 
coordinated with a boiler of special design 
tor steam, hot water or vapor- vacuum 
heating systems Provision for year 
around domestic hot water service is 
standard equipment on all DL models and 
IS available as optional e\tra equipment on 
DH models 

The combustion chamber of the Delco- 
Heat Boiler unit is water backed on both 
sides and bottom The volume of the 
chamber is 
ample to allow 
complete com- 
bustion of fuel 
before gases 
enter the up- 
per passages 
The Delco- 
Heat Boiler 
employs the 
I m- Pak-Tor 
principle of 
heat transfer 
Each section is ^ ^ . 

honeycombed Mat-Hfal BoiUr mnt 

with a multitude of water-backed fins cast 
in staggered arrangement When boiler 
sections are tightly fitted together, a senes 
of passes is formed Hot combustion gases 
must travel through at least 7 of these 
water-backed passes on their way to the 
chimney This assures maxinium heat 
transfer and low fuel cost 
Oil fired models are available in lour 
sizes, from 150,000 to 414,000 Btu/hour 
and gas fired units in tw^o si/es, 150,0()0 and 
252,000 Btu/hour 

DELCO-HEAT OIL BURNERS 

The Delco-Heat 
Oil Burner is ol the 
mechanical atomizing 
type, leaturmg one 
moving part to elimi- 
nate wear and assure 
long lived, depend- 
able performance 
The Delco-Heat 
Ddfo-Heat Oil Burner “Thin-Mi\'’ fuel con- 
, _ . trol acts to prevent 

the now of oil to the nozzle until the 
quantity of air being admitted is sutficicnt 
to assure proper combustion, and oil pres- 
sure is sufficient to atomue oil completely 
At the end of the period of operation, or in 
case the oil flow is interrupted at any t ime, 
the control also acts to shut oft the flow at 
once, preventing a dribble of oil at the 
noMle which might cause carbon formation 
The Delco-Heat Oil Burner is available 
range of 4 sizes burning from 1 0 to 
30 0 gal per hour. 


DEI.CO-HEAT CONDITIONAIR 

The Delco-Hcat ('onditiomiir is a <om- 
pletely harmonized autonicUic wmtei air 
conditioning system, and is available m 
either oil or gas fired models With the 
addition ot a condensing unit and evajiora- 
tor coils the system is cmsiIv converted to 
a year around installal ion pio\ ided firopei 
care has been given the selection ol ouilc‘t 
locations and duct sizes to enable (hem to 
peilorm their dual lunc lions 
The conilnisdon chamber ol (he ('on- 
ditionair is designed (ogive ample space to 
allow complete combustion ol liiel lielore 
gases enter the upper p.isses ol (he unit 
Long travel assuies ma\miuin oppoit unity 
for the gases to give iq) ( heir hcMt to ( he aiV 
sticam The Multi-Path IcMtuie dividers 
the air pasvsmg through the unit into 7 
separate streams (o provide (‘vc‘n, lapid 
heating ol the air as it passt's ov'ei (he* Ikmi 
tianstei sui- 
la<(‘s Dust 
IS lemoved 
l>V VISC'OUS 
type* lilleis, 
«md humidi- 

1 I ( il t 1 O 11 IS 

piovidt‘d bv 
.1 ( a SC' a (I e 
I V j) <‘ h u - 
midilim 
Buinei , op- 
eiatmg con- 
t I o Is , <1 n d 
blovvei motor 
are leadily 
acct'ssible in- 
side the doors ol the c'abinet, bu( aie out- 
side the high temfKTatiire aiea ol (he unit 
The Conditionair is availalile m 3 sizes 
for oil filing and 2 sizes in gas hic*d models 
The Delco-Heal domestic hot vvatei 
heatei, also available m gas or oil tires I 
models, may be used in c'onnc'ctiou with 
Delco-Heat Conditionair installal ions to 
provide year «iround domestic hot water 
scrvic'e 


DELCO-HEAT GAS FIRED UNI'I’S 

In the Delc'o-Heat ('ouditionair oi tlu' 
Boiler unit, the Delcolleat (his Ibiiiu'i 
projects a long, sweeping luminous g.is 
flame into the c'ombustion cluimbcT liom 
specially designed ndractory [lorts 
This adapts to lesidential h<‘atmg (he 
type oi luminous gas flame long used m t In* 
steel and other heat tieating mdustiies, 
giving the advantages ol the moie efficuMit 
radiant heat Iransier mhc'ic'rit m (he 
luminous flame, around whiih both (he 
Conditionair and Boilei units have been 
designed 
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Gilbert & Barker Mfg. Company 

Springfield, Massachusetts 
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GILBARCO FLEXIBLE FLAME OIL BURNERS 


‘'Gilhaico” Flexible Flame Oil Burners are ol the piessure atomi/ing type, suitable loi 
residential and tonimercial use in steam, hot water, \apoi, or warm air heating systems 
Their operation is fully automatic with controls and salety devices integral with the 

system Due to the flexibility of the flame, the 
“(iilbarco" Burnei is enabled to more completely fill 
the fire box with a heat-givmg radiant flame 

Kach ^'Ciilbarco” Burner combines the lollowmg 
definite advantages (I) Flexible Flame with “ICcon- 
O-Flex” controlled comliust ion— assuring tailor-made 
application (2) Forced d rail insuring complete com- 
bustion (8) Radiant typti fkime gixes gieal heat 
output (4) C'onslant clecliic ignition (5) Separate 
air and oil controls insuring complete combust ion 
(’(») Oil filtci m oil lino assuimg clean oil at all times (7) Radio inteileieiue eliminaloi 
(S) liiirnei installed outside boiler insures long lilc, easy inspection and seivicc* and 
general operating elliciency (0) Ouiet oiieitition no gears, bolts or noisv' mochamsms 

SPECIFICATIONS OF AND CAPACITIES FOR 60 CYCI.E MOTOR BURNERS 

(Write to us foi ctipacities of I) and odd cycle motoi burners! 


MODKl, NUMBER 

GBl 


CB8 

CD4 

tiB9 

W«z oil CopoUty par hour 

U 8 Colloiu 

100 


no 

1100 

33 00 

Toni Stoam RadUtloo 
(Radloiloa. pIpInA. Mid pklcup) 

1110 


4400 

MOO 

lOOOO 

Total Hot Watar Radlaclon 
(Radlatloa, pipinft, and pickup) 

1840 


7040 

9000 

16000 

lAoilion 

C ontlnuoua 
dcLiric 

ConUanoiu 

elearic 

Continuoni 

aketrie 

C ontlnuoui 
elntric 

C ontlnuoui 
electric 


Halle 

IranaQrmer 

tianHOniNr 

■IdkIc 

tianafonaer 

tnarfoimcn 

two 

tranriormcn 

Motor (abe) 

1/1311 P 

1/8 11 P 

1/0 H P 

1/4 It P 

1/3 H r 

Controla 

Stack inounicd 
rrotactoTeliy 
and Thennoatat 

Stack noantfid 
Protcctoiday 
and TbenaoflUt 

Pratectorelajr 
PtotretMUt 
ind Thcnnoatal 

Pmicctoifluy 

PraiMUMUt 

And *lbaimoatat 

Protcttoirby 

Prutcttoaiat 

And Ihemoaut 

RPM 

t7W 

1730 

1750 

1730 

1710 


GILBARCO HEAVY OIL BURNERS 
Complete Range for Industrial Heating and Power Application 



GILBARCO SERIES “A6” BOILER BURNER UNITS 

Ihree models loi both steam and hot water in the “At)" scries which range m capac‘il\ 
from fllS It to StiO It ot steam radiation (gross) and S7(i It to 
187() It ol hot wxitcr (gioss) The boiler, 
especially designed lor oil luel, is ol east 
iron, which can be molded into ell(*ctivc 
tvpcxs oi heat-absoibmg surlac'os “Ati" 
soiies modc'Is are complelelv automat 1 C <md 
(he high elliciencies w'hich are altainod m 
the boiler arc due to the lac't that the heat 
gases *ire comiielled to be in direct contac t 
with (he lu‘a(-<il)sorlmig surlacos at all 
limes All scrubs “At)" (lilbarco Boiler 
Burner Units are designetl to nic'lude 
Built-in hot watei coil and Acpiastat, Low- 
w'ater Cut -oil on steam s^ stems, Pre-cast 
Rclractory c'ombiistion thambei, Ihos- 
suietiol on steam systems, Suilac'o Viim- 
s(«it on hot watei systems 

vjKr. 




Oul<>id( MOf of (hr “ t/»’’ 
N< 7 It 1. (hllmrt o lioilvr liurna 
I 'ml Fuinii>h(<l in (inhlmii 
fjnen mill tltrtmt (rim 


(*u(mi'nii tiriv s/unmn tomthin- 
liori ami (//js haul Toiyih 
Mi’i/f/i on oul'iutt ol i alum I ton- 
Inh luililimi ol hunitt toni/nttl- 
nuni (laia/ii (U^iiy ttttil thmnuh 
wnliltUo) o/nnini/ii 
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GILBARCO SERIES “B” BOILER BURNER UNI'I'S 

B There are five models lor both Me.mi and hoi w.itci svsUmms m 
the “B " senes which raii}>c in (ap.uMli lioin 7S() (o 2(Ki() s(| 11 
ot steam (uross) and 

1248 to 3246 sq (t ol ‘ — ' 

hot water (gioss) Like ' '■* ■* 

the “AC" senes units, 
the boilers ol the “B” 
senes arc ol cast non 
consti action insuiing 
peak elficiency and j»i eat 

(lcsij>necl boiler combines 
the following iiiiporUint 

Extended fin type heat- 
ing surfaces (2) Low 
draft loss (3) Iwaige 

Ouinde new of the "B*’ Series combustion chamber (I) ('utamuf vnw Hkoiriufi tonfttniitwn and oat 
OilbaTco Boiler Burner Unit Quick Stcaminu (fi) (Idya riiUdt at all linui thiouqh altiai 

crem Water -b.ickecl coir.l.us- (a. ,A.r™ 

1 1 o n chamber ( 6 ) 

Ground joints between sections (7) Unique gas travel (S) Posilive inUMiial waU'i 
circulation (9) Large steam liberating suilace (10; Compai l si/o 

* GILBARCO SERIES “B’’ RATINGS 


squam: feet steam radiation 



(UitnuHii/ vuiv Hkowinti toin,tnntion and wn 
travel vi'oldr at all timn thunafh attiar 

tive iHt'alehmt idates 




••Note -—Gross rating is the total output in square led ol i.idialion .il the hoilet no/zh* N«‘l r.itm^'s 
represent the allowable standing last iron nitlmtionwlmluan be toiuiei ted loe.u h hoilei when the doiiiestii 
hot water load is as shown at the top of each column No ih'diietion tor the hot wat(*» < oil, t<‘f' lulless <»t 
storage tank si/e, should be made from the net rating, sime tlie maMiuuui load imposisl !>% eai h (o.il luis 
already been deducted Etficicncv — Senes “AO" Boilets show a test eiheusu v oi 77 pel mmU, Si iii s " It" 
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80 per cent, plus over-all at rated capacity 
tor continuous firing 

Noil — ^W hen ordering be sure to 
specify whether the unit is lor a steam or 
hot water system 


Nunilicr 
of BcmUt 

B3 

B4 

as 

84 

B7 

Number of 
Doubl* Scetioiii 

3 

4 

s 

4 

7 

A 

51* 

59 

67* 

75 

83 

B 

0' 

8' 

16* 

24* 

32 

C 

1S»* 

2JS 

— 

30 

iLH- 


- 


1 

'i' 

■! 

m 


j — t 







GILBARCO SERIES “F” AIR CONDITIONING UNITS 

HEAT— CLEAN - HUMIDIFY— CIRCULATE 



Deluxe Model, eompatt, hclhonUiined uni* 
Furnished in two-tone sage ffieen baked enamel 
Burner and controls tom^elelg rndoicd 



Stnet Model unth atlradive vetthbuli homing 
alio futnished in iuvhtone mge green baked ennmti 
the MMf /tntih a? gour eiti/rie refnqeraiot 


(iilbarco Senes “ F” Air Conditioning Systems 
are efficient, dependable and unusually eco- 
nomical m operation They are specially 
designed for oil fuel and develop a high degree 
ol healing efficiency The oversized radiator 
\tithin the furnace, with its long, retarded 
gas tiavcl insures a great amount of heat with 
economical fuel consumiition The filtering 
and humidifying cciuipmcnt is engineered 
according to advanced principles of this new 
science and the fan and inotoi arc ol sullicient 
(apacily and duiahility to insure many years 
ol cllicient seivicc 

Auntwmi 

Minwiiunni 

UMfnuJl. 



Cutaway vww diounng detailed i oust nation oj furnaee and Idowcr- 
Jtlfer unit 


SPECIFICATIONS GILBARCO SERIES “F” AIR CONDITIONERS 


MODBL 

Number 

B T U 
Par Hour 

at 

Reduter 

Erapor. 
ktioii 
Psundi 
Per Hour 

BLOWER 

DIMENSIONS (IiuhM) ] 

C F M 
Mu 

Fau 

Diun 

Motor 
H P 

inter* 

No — Slw 

A 

B 

C 

D 

E 

r 

C 

H 

1 

J 

K. 

FBD 17100 

10^000 

60 

1500 

12 

H 

4 -20x20 

36 

45 

64 

~ 

40 



37 

IT 

35 

20 

FBD 22125 

125,000 

80 


12 

H 

4 -20x20 

43 

51 

71 

61 

40 

— 

_ 

43 

35 

35 

20 

FBD 27150 

150,000 

12 0 

2200 

16 

U 

6 -16x25 

54 

63 

82 

61 

43 





55 

46 

43 

20 

FBD 27200 

200,000 

140 

2500 

16 


6 -16x25 

34 

63 

82 

61 

43 

__ 



55 

46 

43 

20 

FBS 32300 

300,000 

160 

4000 

18 


9 -20x20 

61 

62 

97 

63 

56 

32 

27 

54 

S3 

52 

28 


400,000 

180 

5000 

21 

7% 

12 -16x20 

61 

67 

97 

72 

59 

32 

27 

59 

53 

57 

28 

IFBS 35500 

500,000 

200 

6000 

21 

1 

12 -16x20 

61 1 

67 

97 

72 

59 

32 

27 

59 

53 

S7 

28 


Special Models for 750,000 and 1,000,000 B T U Output Per Hour at the Ri^iister Available Coneult the Factory 
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Air Conditioning, Automatic Heating Systems 


Gar Wood Industries, Inc. 

AIR CONDITIONING DIVISION 


7924 Riopelle Street 




Detroit, Mich. 


Licensed Distributors m All Principal Cities 


TEMPERED-AIRE UNIT 



Tempered- Aire licMlmi; and air 
(onditioniny^ oqiiipiiuMil iruliidts lil- 
tersa, blowcM, IumiikIiIkm, liimjco (wiili 
'‘l{coiioini/or" ) and mU*i;i,d od bni nor 
ol piesbuie alomi/inj* (ype < loth 
(liters (an lu* (Msih laimdciiMl All 
units can bo otjuippi'd with a w.itor 
heatuu» (oil (or ns(‘ in winltn 'riie 
inbtallation ol <in .ui\iliai\ dint lor 
intaIv(M)f onlsid(‘ .111(1 liastMiiiMit .in in 
siininuT IS d(‘hiiab](' An (.111 (Ikmi be 
(IniwMi lioin tiio bas(Mii(nit diinni> the 
day and iioin lh(' outside «it ni^ht 
to piovidc* ventilation and (oolint; 
(Iiiniit; w.uin wo.itluM ('liani;o lioni 
basciiK'nt .111 to iiif*h( .iir ni.iy be* 
inanu.dly or .iiitoinat u .dl\ i out ioII(vl 


Ratings and Dunension<i 


Btu I Hour at Bonnet 

Btu 1 Hour at Grilles 

Air Dtlivery, CFM 

Heating Surface, Frebox, Sq 1 1 

Heating Surface, Exonomizer, Sq Ft 

1 otal Heating Surface 

1 liter Area Sq Ft 

Motor Horse rower — Burner 

Motor Hor'ic Power- Blower 

Current Consumption — Burner 

Current Conbumption — Blower 

Overall Length, Inches 

Overall Width, Inches 


No 102- A 

No 102 

No 103 

No lot 

No 10) 

No 105 ( 

120,000 

120,000 

I65,(X)() 

225, (MX) 

3IX) (H)() 

•HMl.tXHI 

100,000 

tOQ.OtXl 

1 35 (XX) 

IH5,(HX) 

2V),(XX) 


1000 to 1575 

1000 to 1575 

1375 toil 50 

1875 lo m 

2')(X) to 30K, 

3(XX) lo 45(M) 

30 

30 

^3 

44 

)') 

55 

60 

60 

‘X) 

132 

16') 

l(») 

% 

‘Xl 

132 

I7(> 

220 

2>0 

24 

34 

43 

(,() 

7/ 

7/ 

1/6 

1/6 

1.6 

1 (> 

1,4 

1,4 

1/4 

!'4 

1.3 

1 2 

3 t 

1 

250W 

25t)W 

250W 

2'>()W 

32'>W 

325W 

250W 

250W 

330W 

5tX)W 

7')0W 

l(XK)W 

92'/4 

%"m. 

117”,,, 

140' , 

1561 ^ 

1561 1 

W/K 

40 

40 

40 

41) 

41) 


CONVERSION OIL BURNERS - 


Provide automatic 
lor coal-fired heal- 
ing plants Pres- 
sure atomizing 
type, handle 
heavy, low grade 
fuel oil. Sturdy, 
noiseless, easily 
accessible. Fit 
any furnace oi 
boiler regardless 
ol shape 


oil burning etiuipnient 



Model “ H ” 

n ml 

sltam radial urn 



Model “A'" 
J^IJ-Q^OO sq ft mt 
steam radiation 


Model “H" 

Uf> to fSJfi sq ft net 
steam radiation 


MODEL “0” AUTOMATIC OIL- 
FIRED WATER HEATER Pi ov idts 
(juick, oorutMiitMil, mc\p(*Msi\(‘ ,ind un- 
limited supfily ol (lonit'stK' hot watiu lor 
induslnal and ('oniincu ltd lunldings ('oni 
plete, <piie( Bums low pii<(‘d N<» 
iud oil 


Capacities and 
Dimensions 

Two si/os, 200 
and fiOO gal (\i- 
pacily 100'’ I' 
rise ijcr houi 

Overall height 
18 in. 

Overall width 

2Sli »n. 

Length 49 m 
and 61 in. re- 
spectively 
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Gar Wood Industries, Inc. Air Conditioning, Automatic Heating Systems 



MODEL “R” BOILER-BURNER UNIT 

A compact, fire-tubular steam or hot water heating 
boiler, >\ith an integral oil burner 
Boiler built of heavy rust -resisting boiler plate, electric- 
ally welded The combustion chamber walls are earned 
clear to the crown sheet The result is a considerably 
higher temperature of fire than is found in the conventional 
boiler, and better combustion of No 3 oil 
Since there are no water legs, the bulk of the heating 
surface is concentrated in the firetubes, or secondary 
heating surface, resulting in maximum extraction ot heat 
from the hot gas which leaves the firebox and consequent low 
stack temperature, high efficiency and operating economy 


Ratingb and Dimensions 

R475 

R750 

RlOflO 

~Ri400 " 

RISOO 

Maximum Net Steam Load Sq F t 

475 

750 

1000 

1400 

1800 

Maxipium Net Hot Water Load Sq ft 

760 

1200 

1600 

2240 

2880 

Maximum Gro^s Steam Load Sq Ft 

712 

1125 

1500 

2100 

2700 

Maximum Gross Hot Water Load Sq Ft 

1140 

1800 

2400 


4320 

Heating Surface, Sq Ft 

Overall Width Inches 

~^52 

30 V “ 

08 

30«,, 

84 

37>V 

118 

’ " 37 ‘V 

154 

37'‘,6* 

Overall Length Inches 

53 

05 

593/4'' 

66 

8U 


INDIRECT AIR CONDITIONING CABINET 

Combined with “R” boilers, it provides heating, 
humidifying, filtering and circulation ol air 
The air drawn by blower is first cleaned by dry cloth 
filters, then forced through the humidifying chamber, 
where proper amount of healthful moisture is added by 
passing through a warm vapor mist, regulated by a room 
humidistat. The air is then warmed to correct tempera- 
ture by passage through the copper blast heater Standard 
units, in capacities from— 

1 11,000 — 497,000 Btu Hour at bonnet 
89,000" - 397,000 Btu Hour at gnlles 


GAS-FIRED TEMPERED-AIRE 

Built III a single compact unit it accom- 
plishes the various lunctions of air con- 
ditioning in an efficient manner Filtering, 
ventilating, huinidilying and cooling in 
summer lunctions arc similar to theoil- 
fued Tempered-Aire 
Heat iiig IS automat ic, clean and odorless 
The gas valve iscontiollod by a thermos! at 
The furnace is made ol heavy gage copper- 
bearing steel welded into a single unit 
Corrugations arul ribbings give the heating 
surlace more than double the arc<i ol a 
flat huilare ol ccjual outside dimcmsioris 



RATINGS AND DIMENSIONS 


I No 90 ■ 

AGA Input. Btu per hour ' 135,000 

AGA Output, Btu per hour 101 ,250 

Grille Delivery Btu per hour , 90,000 
Air Dtlivtry CFM 900-1425 

Filter Surface Sq Ft I ^ 

Blower Motor Sure I 1/4 hp 

Blower Motor Current Conftump I 2^ Wattn 
Overall Length, Inches 96"ki 

Overall Width, Inches ' 40 


No 120 
180,000 

135.000 

120.000 
1200-1900 

34 

1/4 hp 
250 Watts 
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Air Conditioning, Automatic Heating Systems 


GENERAL 9 EI'BCTRIC 

COMPANY 


AIR CONDITIONING PRODUCTS 

Air Conditioning Department, Bloomfield, N. J. 


G-E Oil Furnaces — Two sizes, LA-4 and I.A-5 debij^ned lor 
steam, vapor, hot water radiator systems and for indiroct hotiliiii» 
with air conditioners Boiler output LA-4, 555 sq It steam, LA-/), 

1145 sq ft steam Steel boilers constructed in accoi dance A S M IC 
boiler code Furnaces cairy Underwnteis’ approval P'lilly co- 
ordinatecLboiler, burner, domestic hot water, controls in one etu loscvl 
unit made and guaranteed by General Elect! ic Can biiin (heap 
grades of fuel oil f.ow standby losses G-E Thermal C'onliol and 
anti-syphon oil valve included G-E Water Circulator with liol 
water models 

G-E Warm Air Conditioner, Oil Fired (Type LB-4) ('oiisists 
of combustion-heat transfer unit, oil burner unit, ccnlrilugal l«ui, 
humidifier, filters, controls, and necessary an, 

( ^1 oil, water, and electrical connections ('om- 

* pletely enclosed m attractive two-tone gia> 

cabinet, black and chrome trim 01 diu^tt-liicd type, developed 
especially for residential air conch non im», it cuculales (le.in, vcai ni, 
moistened air through ducts <J-E thermal coiidol ,iiid ant i‘S> (ilioii 
screen valve included Total output, i;i.‘i,()()0 Btii pen hour, hiiinidi- 
fying, 10 lb per hour EvticMiiely ciiiiel, elecliKally welded <iii 
tight furnace — no place tor gases and odors to esc^iie, llaine ileiec'loi 
shuts off oil m less than foui seconds, bums c lie«i)> od on exclusive^ 
G-E impact-expansion principle ,se.iled-m-sl eel nioloi , scdl lubi icaled , 
burner nozzle air cooled 


G-E Gas Furnaces — Designed for steam, vapor, hot watei 
radiator systems and for indirect heating with air conditioneis 
Type LM ratings from 320 to 1440 sej ft steam, Type LIv latmgs 
from 660 to 17^ sq ft steam, TyjK; LC ratings Iroin l?)S() to lltiSt) 
sq ft steam Automatic pressure, low water and teiniicraturc limit 
control. Gas regulation is gas operated to assure positive action 
Cast iron sectional boilers meet A S M E boiler code Fiiinac'es 


G-E Warm Air Conditioner, (las ImumI ('onsisis 
oi coinbustion-heat transfer unit, g.is bumei, .iphonic' 
radial flow Ian, hunudilicr, coiiliols and nt'ccss^iiv gsis, 
water and electric conncc'tions enclosc^d m at ti.icliv^c* 
cabinet It is a direct -fired an c'onditiouc*! devedojK'd 
especially lor residential an conditioning whu'h cii di- 
lates clean, warm, moistened air tliiougli living cpiai lei s 
Four sizes available Type l.(i-l, 500 cliu 35,000 
Blu/hr, Type L(;-2, 1000 dm 70,000 Btu/hr, 'fvpc^ 
r-G-3, 1300 efin -105, 0(K) Btu/hr, 'I'ype LG I. lOOO 
elm -140, (KK) Btu/hr Automatic vvatCT healer avail 
able as optional for year 'round domestic hot vvalet 

See also Pages W'Mf-tOS? 
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GENERAL ^ ELECTRIC 

COMPANY 


AIR CONDITIONING PRODUCTS 

Air Conditioning Department, Bloomfield, N. J. 


G-£ Unit Air Conditioners and Room Coolers 
— Available in a wide range ot sizes and types for a 
variety ot air conditioning applications Type FR-1 
Unit Room Air Conditioner includes condensing unit 
and complete year ’round air conditioning unit, 
Type AD Room Air Conditioners include complete 
year 'round air conditioning unit, Type AG Room 
Coolers include floor, wall and suspended cooling 
units 




G-E Central Plant Air Conditioners ~A t om- 
plcte line ol lactoiy designed and afasembled air 
conditioneis (or summer, winter or year 'round 
applications Type 1 1 D- 100, 1 1 1 )-2()() and 1 1 D-IiOO 
ol the suspended type incluclc aiihonic radial How 
lun, filters, humidifiers, cooling coils and heating 
coils in conibinations to meet a wide range of air 
conditioning 1 unctions and reijuiied capacities 
Larger si/cs Type I ID- 100, 500, 000 and 700 in- 
clude filters, humidifiers, cooling coils and heating 
coils to meet a variety ol functions and capai dies 



G-E Air Circulator Type I IV- 1 
for attic ventilation, air circulation 
and exhaust applications 


G-E Air Conditioner for Winter 
— Type nW-1 designed lor winter 
air conditioning of radiator heated 
homes Includes filters, humidifier, 
tempering coil and radial flow 
aphonic tan 




G-E Condcnsinj> Units— Available in si/es 
Irom 1 hp thiu 40 hp Several air coolc<l models 
in small sizes, water cooled models with sliell- 
and-coil and truly cleanable shell-arul-tube con- 
densers Efiicicnt design provides high cooling 
capacities Designed especially lor air-con- 
ditioning application as part ol complete (i-K 
air conditioning systems 
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With blower on side use dimensions lengtli and IieiKlit under si/e ol (.isini; willioiil Mower 

C F M 18 based on 70 dept room tenipi*rature and l.tii depi n pister teuipeialun 

For heating capacity 2 per cent was added lor eac U sciuare loot ol UiMting siiilai c .ibove i.itio ol HO to I 
and 2 per cent deducted for each sciuan* toot bdow ratio ot 20 to 1 

Heating capacities are based on a 7 Ih combustion rate uaiiig 12,(K)0 lUu to.il .iiul ellu u lu u s ol (ifi \h j 
«nt at bonnet, 86 per cent legistei foi Ian coal hand hied 76 pi r cent at boiim t, S6 pei « en( *it iei;is(i r 
for oil or stoker fired (oil — 1 10,000 Btu and 0 5,5 gal pei sii it giate pin lumi ) 65 p* i i ent bonnet , 76 pei 

cent at register for gravity hand coal hr(*d 

Gravity pipe area equals 1 76 X gniLe are.i [1 00 + 02 (R - 20) | 

If 0 lb combustion rate is di&irc*cl tor prolonged firing ihmumI diiluit ,ippio\iinat(‘l\ 16 pei n nt tioin 
forced air Btu ratings 

Maximum velocity through filters, 200 ieet pci minute 

The Anthracite Winter Air Conditioner con&ihls ol a MON CR I KI' Unit ami a Miles 
Combustion Modulator 

The outside temperature is correlated with the warm air ttMiipeial ure to all<‘t t a 
Graduated Room Temperature, 68 deg m mild weather and 7S deg in /eio wtMthei 

Constant Modulated Heat Supply eliminates C'OLI) 70 and roniplieaUMl control 
equipment. 

Write for particulars 

Note This unit can be made with either the Monenef C'nsl or .Steel Aiistoerat An 
Conditioner. 
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Henry Furnace & Foundry Air Conditioning, Automatic Heating Systems 


Dimensions and Capacities of Moncnef 
“Special” Oil Fired Air Conditioners 


Unit No 

75 

100 

Input Gallonb per hour 

Size of cabing 


' 

Width 

28» 

28" 

Depth 


703 

Height 

60" 

60" 

Blower size 

no 

112 

Motor H P 

1 6 

'4 

Heating surface — sq m 

6120 

6120 

C F M 

800 

1100 

No filters 

2 

2 

Btu Del at Register 

73 000 

100 000 





Mottcmj **( HF " (tas 
\ir C ondiltoninti Svs/< nt 

The Mom net Catj Air C'onclitiomiig 
Unil ih a c«ist iron he<ilor, dobij^ncd to Imiii 
eUicieiiLly, nuvcd, artificial or natural gas 
ft IS CHjuippcd with a (|uiel operating* 
blower, air filters, theimostat, blower and 
hn>h limit control, automatic huinidinei, 
motor valve, pressure retiulator, sluit-oll: 
cock and automatic pilots It is lurnished 
in a w’cll designed casing with manilolds 



Momntl XnsioiHJi'' Oil-Fmd 
\.it i oniittuniinfi Svs/<w 


enclosed, and fimshcfl in green crackled 
enamel 

Controls arc Minneapolis-I Ione>woll 
The Monciicl Special Oil Fiied Air ('on- 
ditioner, designed loi small homes — and 
1 (uil Per Hour Input and Moncnef 
Aiistocrat Oil Fired Air C'onditioning 
units designed lor largei homos vcith tor- 
rcspondingly larger oil input Both welded 
steel, S(, m boilerplate 

rhesc units are c'ompact , finished in Red 
and Black CVackled Fnamcl, with en- 
closure lor burner, supplied with automatic 
humidifier, air filters, fjuiet oixiiating 
blow'or and adjustable blowei control 
'Fhoy aie made lor use with standaid types 
ol oil burners and aie supidied less burners 
and buiiKT contiols 

The Anstoc'nil model is e(|Uipped with 
special patented wmdbov supplying a 
dirc'ctional flow ol air over all heating 
surlaces 

Moncreif Air Conditionin^f Unit lor 
1037 IS heing impioved m style and Ihcse 
new st ylcs will be showm in litonil ure w hii h 
may be had on rciinest 


Dimensions, Capacities and Data of Moncrief Gas Furnaces and 
Gas Air Conditioning) Units 


FURNACE 

NUMBER 

1 

ZL OF 

rYPlY 

uss 

BLOWCR 

lcngth 

CAbI 

fYwtC 

LESS 

SUMER 

LCNGIH 

^GS lb 

typeT 

WITH 

BUMER 

LLNtTH 

INC) 

TYPfB 

HEIGHT 

1 

115 

TYPEC 

HEIGHT 

rWMBCR 

or 

BURNERS 

DIA 

FLUE 

PIPC 

SIZE 

GAS 

LINE 

IS 

E«/7 

CASING 

FREE 

AREA 

0 % 

h 

BTU 

INPUT 

n»CE04iR 
BTU AT 
REGISTER 


oe 

bJ hj 

5 tM 

So 

03 

at 

c» 

i 

iu. 

n 

gravity 

BTU AT 
HLGISTtR 

GRAVtlY 

PIPE 

AREA 

50 

12 

44 


'n 

igai 


1 


% 

ZIGO 

233 


30000 


■ 





19125 

170 

1 00 

19 

44 

Slli 



54 

2 

m 

1 

4320 

■3‘7t 

ZI5 

60000 

42750, 

IS 

110 

'A 

T 

105 

38250 

201 

1 50 

Em 

44 

SI'A 

EH 

5I3L 

54 

3 


1 

G480 

438 

?77 

90000 

UI2S 

840 

no 


2 

158 

5/375 

/650b 

42? 

ZOO 

34 

44 

5lik 

EEI 

51*.; 

54 

4 

n 

1’ 

8(,40 

584 

277 

120000 

8S500 

ll?0 

ii<* 

_y7 

3 

140 

562 

2 5"0 

41 

44"' 

'si 'A 

ma 

51V 

54 


7 

bt 

10800 

730 

Y/7' 


1 06875 

1400 

11/ 

<4 

'4 

131 

95625 

■703“ 

3 00 

49 

■43" 

Sla 

ma 

5(AL 

54 

G 

a 

14 

Tasw 

ri7G 

ZAQ 

jebpw 

128250 

IGdO 

(14 


4 

158 

1 14750 

844* 

350 

56 

liA. 

5b. 

msM 

51V 

54 

- 

a 

j;_4 

15120 

M4G 

'24G 

210600 

1^625 

I9G0 

1T4 



147 

133875 

J84 

400 

IXH 

44 

51)1 

ma 

51V 

54 

i JL_ 

9 

IV 

17280 

IU8 

277 

240000* 

I'bobo 

2240 

~2\Z 

Ji. 



153^ 

172000 

ri24 

450 

71 

44 

sia 

ma 

Bn 

■54 

9 

10 

iv“ 

19440 

1314 

27V 

270000 

192250 

2520 

212 


\ 

*183 

1765 

5 0 0*" 

78^ 

44 

■“sui 

ma 


54 

»" 

10 

r>s 

21 GOO 

137G 

P^3 

300000 

213750* 

2600 

214 

y, 

g’ 

175 

151250 

J[406* 

SOO 

94li 

44 

3i»i 

LHJ 

[Hi] 

54 

iz" 

10 

1 1 

Z5S20 

fCTTn 

268 

nT*Kr»i3i 


3360 

EQ 

Ol 

a 

216 

229500 

1686 


Typo B tuinaoo c.isniK liat) manitolcl (■\iK)s(*dt iiiul is (losignod inr gravity list Blowor and liltois < .ui lie 
addod as soparale unit 

Tvi>c C tuiruiLO tasinj? has inaniti)Ul (luli)setl and is di‘si«nod lor Idowor-lilLoi uw C.iti ho iisotl lor 
Kiavity i irculatioii li tlt‘sii(‘(l 

Forced air Btu latmus ate based on ellicienciob ol 7."> pei cent at bonnet and ‘ir> pei t ent at n‘KisLei 
Gravity Btu ratings aie bastd on ellicienties ol 75 per cent iit bonnet and So iK‘r < ent *it remstei 
C F M rapatities arc based on 70 doR room tempciatun* and 1.15 dcR roRister tempenuure 
\dd 11 in to overall heiijlit loi It in pitched top used with Type U cabuiR 

St)3 







Air Conditioning, Automatic Heating Systems 


Lennox Furnace Co., Inc. 

Aire-Flo Air-Conditioning Units — Riveted Steel Furnaces 

Syracuse, New York Marshalltown, Iowa 

Dealers in Principal Clitles 


Lennox oflers a complete line of direct- 
fired winter air conditioners, backed by a 
long experience in the field ol domestic air 
conditioning 

Lennox is the world’s largest manu- 
facturer of steel heating lurnaces All 
heaters for gravity and torced-air systems 
are of the famous Lennox iivetcd-stecl 
construction — permanently gas- and dust- 
tight In the line are units designed 
especially for every kind of fuel and every 
size home Lennox Aire-Flo air-con- 


ditioning units aie uiuisiMlIy (luiot m 
operation and are highly cIIk icmU Iwery 
unit dcliveis warm air at uniloim tem- 
perature and velocity to every room 
Basic specifications ol the moie popular 
aii-coiiditioning models aie given in the 
accompanying tables Laigei blowers ,iie 
used in wcll-insulated biiihlmgs wheie 
ventilation icciiiiremcnts <iie high in pio- 
portion to heat losses ('omplete speci- 
fications on giavily liiinaces, ^iir (omli- 
tioners, blowers and oil buineison ie(|uest 


LENNOX OIL AIRE-FLO 
Highly efficient unit designed especially 
for oil Cold air enters at the Iront of the 
cabinet, goes through the filters, ciicles the 
inner casing on both sides, is batlled up 
over the large double doughnut radiators, 
down thiough the blower, into the heating 
chamber and up into the plenum chamber 
Heat loss through cabinet is less than 
of one per cent Low stack losses In- 
serted steam type humidifier F ircpot 

lined with insulating type brick which 
heats fast, results m clean, more cKicient 
fire Blower and oil burnei unusually 
quiet Heater, filters, blower, humidifier 
and oil burner in one attractive cabinet 



T 

o 


FRONT 

ELEVATION 


I 

I 



Unit 

Btu at 

Normal 

No and 

Si/r ot 

I illtrn 

Diiiiraiiom 

Number 

Rcg»ter^ 

Cfm 

A 

11 

r2-l25-l 

80,000 

1,050 

4-10x20 

40 

71 w 

rW25-2 

100,000 

1,310 

4-l(>x20 

40 

71-1, 

FZ.125-3 

125,000 

I,(v40 

4-16 X 20 

40 

71*1,1 

^^200.| 

150,000 

1,950 

6-16 X 20 

4K 

Hi 

F2-200.2 

175,000 

2,300 

6-16 X 20 

48 

8J 

F2-200.3 

200,000 

2,<>20 

6-16x20 

4H 

Hi 

r2-300-l 

250,000 

3,300 

9-16x20 

00 

104 

r2-3oa.2 

300,000 

3,920 

9-16 X 20 

Ot) 

lot 



LENNOX (;as airk-fi.o 
F or Natural, Manufactured or 
Mixed Gas 

Designed exclusively lor g<is, w'Uli the 
large amount ol heating smliiee leq lined 
lor this luel Highly eitieient A,(iA 
apiiroved The Kl-7 senes h.is a huge- 
cncular ladiator completely enciK Img the 
combustion chandler 'riie liugei units 
have tw'o ciuular radiatois All (oiitiol 
valves except mam shut-oil aie (Mulosed 
Kach unit eciuipped with the new Lennox 
gas burner, oxteinal pilot lighten ainl auto- 
matic safety controls Blower cabinet can 
be placed on cither side 
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Lennox Furnace Co., Inc. Air Conditioning, Automatic Heating Systems 


Unit 

NuxnLer 

Btu at 
Register 

Heating 

Surface 

Sq In 

Normal 

Cbn 

Range 

No and 

Size of 
Filters 

Dimensions 

A 

B 

C 

D 

E 

F 

Kl-701 

65,000 

7,760 

500-1000 

2-16x20 

40 

46 

58 

26 

33 

30 

KI-721 

90,000 

7,760 

800-1400 

4-20x20 

40 

46 

58 

30 

40 

36 

K 1-1522 

125,000 

12,814 

1300-2000 

4-20x20 

45 

48/7 

58 

30 

40 

36 

Ki-2062 

160,000 

18,623 

2200-2600 

6-20 X 20 

531/2 

57 

63 

34 

48 

37 

K 1-2063 

200,000 

18,623 

2500-3000 

6-20 X 20 


57 

63 

34 

48 

37 


LENNOX C8 AIRE-FLO FOR 
ALL FUELS 

These unils are designed especially for 
coal, but are also efficient vi ith other fuels 
Heaters are of riveted -steel, permanently 
tight against dust and fuel gas Inserted 
steam-type humidifier, with adiustable 
float valve to control rate ol evaporation 
Large heating surtaces Cabinets are air- 
cooled Front vestibule illustrated not 
standard equipment New front (not 
shown) IS a complete departure from old- 
fashioned design, comliming W'cll-pro- 
portioncd flat surfaces and round corners 
and edges Entire unit efficient, easy to 
operate, <|uiet and moderately priced 



B— - 

- 

- 

- 


- 


rr, * 


- 




- 


Btu 

At 

Registers 

Crate 

I Icdling 

Normal 

No and 


Dimensions 



Soft 

Hard 

Oil-Cds- 

Area 

Surface 

Cfm 

Siz( of 







Number 

Codl 

Coal 

Stoker 

Ski In 

Sq In 

Range 

filtt rs 

A 

15 

C 

D 

L 

F 

C8-2422 

110,000 

100.000 

120,000 

518 

7,605 

1300-2000 

4-20 X 20 

40 

47/2 

59 

30 

40 

36 

C8-2722 

120,000 

110,000 

155,000 

415 

8.774 

1300-2000 

4-20 X 20 

44 

53 

61 

30 

40 

56 

C8.276I 

125,000 

115,000 

145,000 

415 

8,774 

1800-2500 

6-20 X 20 

44 

53 

61 

34 

40 

37 

C8-32o2 

150,000 

140,000 

170,000 

605 

10,866 

2200 - 2)00 

6-20 X 20 

51 

631/4 

63 

34 

40 

37 

C8.3263 

175,000 

160,000 

200,000 

605 

10,866 

2500-3000 

6-20 X 20 

51 

631/4 

63 

34 

40 

37 

C8-35I82 

200,000 

180,000 

300,000 

719 

i 15.353 

3300.4000 

9-20 X 20 

61 

67 

71 

36 

60 

56 

C8-3521 1 

275,000 

245,000 

350,000 

719 

15,333 

^50(M) 

12 - 10 x 20 

61 

67 

71 

36 

65 

59 

SS-800 

800,000 

720,000 

1 . 000,000 

1037 

28,725 

Siieeial 


62* 

96* 

74/2 



.... 


ObiouncJ 


LENNOX EQUATOR AIRE-FLO 

These three units arc designed ior the 
smaller homes and are cxlremely low in 
pric'e All fuels The heaters are built of 
leak-proof rivet etl steel ()pen-p.in type 
of evaporator Fuel cfliciency only slightly 
lower than that oi the regular CS Aire-Flo 
units Blower is efficient and unusually 
quiet This unit is ideal for the architect 
who is designing a small, modciately 
firued home 



Unit 

Number 

1 Btu at Registers 

Crate 

Heating 

Normal 

No and 


Dimenstonn 


Soft 

Coal 

Hard 

Coal 

Oil-Gas 

Stoker 

Area 

Surface 

Cfm 

Size of 







Sq In 

Sq In 

Range 

I liters 

A 

B 

C 

D 

L 

r 

QBI.22() 

70,000 

60,000 

75,000 

2o2 

5,363 

’ 500-1000 

2-16x25 

37 


56 

26 

35 

30 

QBI-242 

95.000 

85,000 

105,000 

318 

6,448 

i R00u|400 

4-20 X 20 

41 

56 

30 1 

40 


QBI-272 

115,000 

105,000 

130.000 

415 

7,170 

1300-2000 

4-20x20 

44 

46'4 

58 

30 

r40 






. 

- 

-;i - . 





-T ' 

1- 









Air Conditioning, Automatic Heating Systems 



HE Mjxer Furnace Q)mpa^ 


Peoria. Illinois 

Manufacturers of Domestic Heating 
and Air Conditioning Units for Coal, 
Gas and Oil Burning 


Branches and Distributors 

K\nsvs C'uy, Mo 
Omauv, Nmi 
(' rKMiN Hay, Wis 
IM i LsrtiiRi.n, l*v 
Nl' w Ori I* ANS, I A 
DiMROll, MlCIl 
Si Iaiuis, Mo 
San I<r\n( isi o. ('ai ii- 
1)1 s Moini s, Iow\ 
^^INN^ \i’oi IS, Minn 





The WEIR Conditioned -Air Unit loi 
coal burning, built arouiul the lamoub l< 
Steel Furnace, is a com[)lcte unit lor con- 
ditioning the air m the home during the lical- 
ing season Equipment includcb automat u 
humidifier, renewable filter, centrilugal blowoi 
and automatic damper and blower coiitiols 


WE!R Conditioneii A tr Unit 


U I'Jfi (ha'utv Iltaftr 



No 

Grate 
Surface 
<Sq ft) 

■ 

Ratio 
Htg to 
Grate 
Surface 

Smoke 

Outlet 

Diam 

(In) 


Gravity Circulation 

ulput 

Pine An a 
(Sqln) 


an Cm ul il 

Casini; Dimen 

Rated 0 

At Reg 
(Btu Hour) 

Ca >ii)g 
Dunrn 
(In) 

Air 

Drhvirv 
(( I M) 

Round 

(In) 

Rect'lar 

(In) 

621 

1 26 

41 2 

9 

48 


54,400 

400 



624 

1 78 

33 9 

10 

52 

47x50 

73,600 

541 

47x90 

12(H) 

628 

2 32 

29 2 

10 

54 

50x52 

94,100 

692 

50x99 

|6(M) 

630 

3 08 

26 4 

10 

58 

34x56 

119,000 

875 

54x101 

2000 

633 

3 82 

22 7 

10 

65 

56x64 

138 000 

1015 

56x110 

2«H) 

636 

4 74 

19 4 

10 

67 

56x66 

160,000 

1180 

56x118 

27(H) 

540 

6 25 

19 3 

12 





60xl(K) 

4(HH) 

544 

7 60 

18 5 

12 





64x114 

5000 


k.itr(lC)ui[>iit 

ill rcRinUr 
(Hill Hour) 


<>2.(KK1 
MH.tKK) 
I4K.(MM) 
172,(M)0 
200, IHM) 
2()4.00() 
t 10,000 



--- 

Input 

Output 

Vent 

OimensioiiH 

All 

No 

at 

Burner 

(Btu/Hour) 

at 

Bonnet 

(Btu/I^ur) 

Diam 

(In) 

W 1 I 1 II 
(In) 1 (In) 1 (In) 

Dell VC IV 

1/4 In SP 

(Cl M) 


WEIR Oil-Fired Atr Condi (loiioi 


MEYER Gas Ftred 
Atr Condtttoner 



The WEIR Oil-Fired Air Conditionei docs a ( omplctc lob of 
winter air conditioning Designed lor oil liicl and loucd cucu- 
lation Featuies include quiet opciation, dcpcml.ibilil v, silcty, 
long lile, modern appeaiancc and high elliciciu y 
The MEYER Gas-Fired Air Conditioner piov nlcs < oniplcte 
winter air conditioning Modern m appeaMiicc, oomp.u t and 
efficient with heavy gauge, welded steel, gas tight luMling scc'l ion 
Equipment includes automatic hiimidifier, ii*m‘\\ablc lilteis, 
centrifugal blower and lully automatic (oiitiols. 


Moloi 

Si/P 

(HP) 


l/t 

I/* 

\JJ 


I/O 

1/4 

l/i 

1/2 

i/4 

i/4 


lit(‘t‘iliiic, iiiriudiiiR 
dnlA oil Sunuiior 
Kioliiift, upoiu<'<|iii*at 


msn I25.A 

200,000 

150,000 

7 

48 

65 

48 

1700 

1 

275,000 

205,000 

7 

56 

65 

48 

2)(H) 1 


350,000 

265,000 

7 

63 

65 

48 

loot) 1 


MEYER C»as-Fircd Air Clondidonct 


67.500 

4 

20 

53 

42 

10(K) 

101,250 

5 

27 

(lO 

44 

I5(K) 

135,000 

7 

40 

53 

42 

2(MX) 

202,500 

8 

60 

53 

42 

30(X) 1 

270,000 

9 

80 

53 

42 

40tK) 

337,500 

10 

100 

53 

42 

50(X) 


MEYER Gravity Can Furnace 


100,000 

120,000 

150,000 


75.000 

90.000 
112,500 


MEYER Gravity 
Gas Furnace 


The MEYER GraTity Gas Furnace -KUiciciit luouomic.il 
All steel, welded heating section — large healing surlacc 
A G A approval 



Air Conditioning, AuUmatic Heating Systems 


Kelvinator 

Division of Nash-Kelvinator Corporation 
SUMMER AND WINTER AIR CONDITIONING 
Factories in Detroit, Michigan, and London, Ontario 

Distributors in all Principal Cities 


Air Conditioning 
Household Refrigeration 
Automatic Heating 
Water Cooling 
Beverage Cooling 
Milk Cooling 



Ice Cream Cabinets 
Truck Refrigeration 

Commercial Refrigeration 
For Every Need of Mer- 
chants, Manufacturers and 
Institutions 


Selecting the Most Suitable Type of Air Conditioning Installation 


Where a year-’rountl central system in- 
stallation IS out of the (luestion due to 
space limitations, remodeling expense, 
time allotment or other factors, the 
following general suggestions will be help- 
ful Whenever possible, we urge consul- 
tation with your local Kelvinator Air 
Conditioning distributor lie olfers you 
every advantage of Kelvmator’s broad 
experience m air-conditioning all types of 
buildings — his services are freely available 
without charge or obligation 

Single rooms in residential or com- 
mercial buildings: Water-cooled or 
air cooled room coolers, or type C sus- 
pended units 

Large rooms, such as sales rooms, 
general offices, or manufacturing 
quarters: One or more CA Suspended 
Units, as required for capacity and air 
distribution, all served by a single con- 
densing unit if practical Or a type CS 
Unit with duct distribution throughout 
the quarters to be air conditioned Con- 
densing unit may be remotely located most 
convenient to plumbing and electrical 
connect ions 


Suites, or a separate floor of a build- 
ing: CA units exposed, or concealed 
behind closet or conidoi walls, scived m 
multiple by a single condensing unit in- 
stallation m an out-of-the-way location 
where plumbing and electrical connections 
can be arranged economically Or a CS 
unit with duct distribution to each oflice 

New construction of all types: 
Complete year-Vound air conditioning 
employing CS unit and duct di&tril)ution, 
or individually-designed system Consult 
your Kelvinator distributor 

Capacity Requirements: Summer- 
load capacity requirements depend on the 
tyjx; of construction of the building, 
exixjsure, amount of occupancy and tiaf- 
fic, activity of occupants, heat generating 
ecjuipment within the enclosure, local 
weather averages and other factors 
Consult your local Kelvinator distributor 
for latest experience data on capacity 
requirements in your locality 

Costs: Your Kelvinator distributor us 
qualified to aid you m determiiung eco- 
nomical methods of air conditioning new or 
existing construction, from the standpoints 
of operating expense as w'cll as initial cost 


AU Kelvinator Air Conditioning Units Are Provided 
with Contact Type Spun Glass Filters 


For Complete Specifications, Features and Functions of the Latest Types of 
Equipment Consult Your Local Kelvinator Air Conditioning Distributor 

Ser also Page 900 
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Kehinaior 


Air Conditioning, Automatic Heating Systems 


Room Coolets Air Cooled: For 
summer air conditioning ol a single room 
or private office Especially desirable lor 
installations where water connections aie 
not economically available, and for tenants 
holding short-term leases Installation 
involves only an electrical connection and 
vent to outside air as in w indow placement 
shown at right Can be provided with 
steam coils lor winter heating where 
removal of radiator is desirable H hp 
and 1 hp si/es 


Room Coolets Water Cooled: A 
compact and economical sell -contained 
floor unit for cooling mdivulual rooms or 
offices Can be installed at any wall w'licic 
water and dram connections can be made, 
as in inside wall installation shown at 
right When disconnected liom plumbing, 
can be moved like othei household or 
office equipment Attractive all-metal 
cabinets in walnut giain finish Si/es 
to \}i hp 


Floor Type Ait Condittonin^ Unit: 
For summer or year-’round appluation 
where floor space is not at a premium 
Attractive walnut grained, all metal 
cabinet, containing cooling and dehumidi- 
fying evaporator, filter, blower and grills 
Heating coil and humidifier can be 
included, if desirable Wide range ol si/cs 
for individual or multiple use with remote 
condensing unit 

All Eelvinator air conditioning 
units are provided with contact typo 
spun glass filters. 

For complete specifications, fea- 
tures and functions of the latest types 
of equipment consult your local 
Eelvinator Air Conditioning Distri- 
butor. 
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Kelvinator 


Air Conditionini, Automatic Heating Systems 




'J'yPt ( I ^us/u’ndal Lift it 



Suspended Air Conditioning Unit, 
type C: For location just below the ceiling 
in existing individual rooms that are to be 
air-conditioned Requires only Bexible 
copper refrigerant lines dram, and electri- 
cal connections Four sizes, for flexibility 
— 0 7 tons to 5 0 tons I M E per day 


Suspended Year-Wound Air Condi- 
tioning Unit type CA: For individual 
or multiple connection to remolecondensmg 
unit 

Cabinet contains cooling and cle- 
humiditying evaporator, filler, blower and 
directional air grilles Heating coil and 
humidifier can lie included, for winter air 
conilitioning Reciuires only light-load 
electrical connections lor blower, copper 
iclrigcrant lines lor connection to leinole 
condenser and dram C\in be installed in 
the open, in unproductive overhead space 
as shown, or behind an inside w'all as in a 
closet or storeroom Capacities 5 0 tons 
to 10 tons I M E ])cr day 


Cential System CS Units: l<'or new 
and existing constiuction where an entire 
establishment or suite of rooms is to be an 
conditioned C\S units hulude cooling 
and dehmmdifymg cvaixirators, filters 
and blower, and heat ing coils an<l huuudi- 
liers if recjuired Extremely flexible in 
ariangemcnt to meet sp.ice limitations ol 
installation C'apacities 10 to •!() tons, 
r M E per day 


Kelvinator DS Evaporators: For 
locally-designed central system summer oi 
ycai -’round air-conditioning installation 
Exact Selection assures exactly the coirect 
type and si/c for each need, lor economy 
in first cost and assurance ol adequate 
performance 


Kelvinator Heating Coils: IVovided 
m complete ranges of si/es, and capacities 
lor all individual needs 


Kelvinator Condensing Units: An 
Cooled models to 5 hj) Water-cooled 
models to 20 hp Larger rcciuirements 
handled by multiple installal ions pro- 
viding important advantages in first cost, 
operating economy, stand-by peiforniance, 
and savings in upkeep 


Type CS C\ nlrul Syuem 
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Air Conditioning, Automatic Heating Systems 


Branches 

Louis 
Memphis 
Omaha. 
Minkeapolis 
S\LT Lailh Crrr 
Dallas 


L. J. Mueller Furnace Go. 

Established 1857 

2009 W. Oklahoma Ave , Milwaukee, Wis. 


Branches 

Loh ANOl-LhS 
Kansas (3ni 
Baltimoul 
rillLADLLPlIlA 
PlTTSniHMJII 

Chicago 


SERIES “O” OIL-FIRED 
AIR CONDITIONING UNIT 

Heats, filters, humidifies and circulates the air, com- 
pletely controlling indoor “climatic” conditions 
during the winter, and if desired, cooling and 
dehumidif>ing Oiieration ot the unit is automatic 
Oil burner is pressure atomi/int> type, available in 
capacities from 0 75 gal per hour and up The 
compact simplicity ot design, reducing thermal 
capacity, secures instant heat and eliminates paia- 
sitic losses, slow response and temperature oxerride 
The inner construction and method of operation arc 
shown in the cut-away view As'ailable in three 
sizes with capacities to handle practically any resi- 
dential requirement 



MUELLER CLIMATOR AIR CONDITIONING SYSTEMS 


The assembly shown is designed to 
handle all functions of both winter 
and summer air conditioning. Any 
type Mueller furnace, coal, oil or 
gas-fired may be used Where win- 
ter conditioning only is desired, 
dehumidification and refrigeration 
equipment is omitted Climator 
units are available in a range ot 
sizes and capacities to provide com- 
plete or partial conditioning for any 
size residence 




GAS ERA AIR CONDITIONING 
FURNACE 

Enclosed in the compart, uitia-modn n 
cabinet aie the fuinacc, blower, humidiliri 
and filters, together with rontiols lor auto- 
matic operation. Heat is supplied by (i«is 
Era steel furnace sections 'I'he ixiweilnl 
Mueller fan provides [lositive riiruhilion oi 
conditioned air to all rooms In the cut 
away view is shown the fiie tiavel tluough 
the end heating section, also the complete 
assembly of fan, motor, huimdiliei, filteis 
and controls Unit is available m live si/es, 
providing a range ol c.ip.icitics capable ol 
handling the requirements ol juactUMlly any 
residence 


Complete hterature on above U7nts upon request 
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L. J. Mueller Furnace Co. Air Condiiioning, Automatic Heating Systems 


Mueller Heaters For All Fuels 

A Complete Line for All Purposes 



Return Flue all-cast Fui- 
nace 18 in to 80 in fire- 
pots, single and double fii e- 
door styles Available in 
round, galvanized or square, 
lacquered casings 


Muellei Steel Furnace 
Rneted and welded E\lra 
Ikm\ y construction bums 
any I uel Seven si/cs, 20 m 
to 81 in (hums Stiu.ire or 
lound (asing 


Cias Era Unit llcMtei 
Floor-mounted oi sus- 
pended type Available in 
sizes horn si\ to twenty 
sections, wMth A (/A out- 
put ratings liom 210,000 
to 720,000 Btu per hour 



Cjas Eia cast iron Furii<icc 
Sectional construction A 
G A input rating, 65,000 
Btu per hour per section. 
Insulated, lacijuered casing 
tor Ian or gravity 



I |':'1 


N 1 uel lei iiire unit ( iiis- fi re< I 
luriuicc, with blowei, filtcis, 
*ind huniidifier Available 
in lour sizes with AG A 
output 1 at mgs trom 72,000 
to 180,(K)0 Btu per hour 



Senes “A” (las lira Boiler, 
lor steam, hot water or 
vapor heating, or hot water 
storage Nine si/es, J (/ /I 
latings oi ISO to 1,200 sq It 
steam, 200 to 2,015 s(| It 
hot walei 



Series 20 ()il-fire<l Air Conditioning lur- 
nace Furnished with or w'lthout burner 
Practically any burner m*iy be used 
Three sizes, Irom 125,000 to 200,000 Btu 
per hour .it registers 


Nos 93, 9*1 and 95 c*ist iron Ilou/ontal 
Tubular Heaters are especially designed 
tor schools, churches and siinilai large 
buildings Capacities liom 1,188,000 to 
1,390,0()0 Btu per hour 


Catalog on Mueller gravity and air conditioning reguters and grilles available upon reqiieU 


871 




Air Conditioning, Automatic Heating Systems 


National Air Conditioning Incorporated 

Ditfision of NATIONAL RADIATOR CORPORATION, Johnstown, Pa. 
General Sales Office, 101 Park Avenue 
New York, N. Y. 



National Steel Oil 
Heating Unit — A 
complete unit in- 
corporating a 
specially designed 
National Radiator 
Corporation steel 
boiler and a 
Williams Oil-O- 
Matic burner An 
outstanding red 
jacket design by 
Lurelle Guild 
Shipped complete, ready for connection 

National Cast 
Iron Oil Heating 
Unit — The nev\ 
National- 
Williams, 
National- 
N u - W A Y and 
National- 
Toridheist Cast 
Iron Units are 
especially engi- 
neered for these 
burners respect- 
ively Highly efficient, four-pass National 
cast iron oil heating boilers can be used by 
burner manufacturers to form a unit with 
any burner, rotary or gun-type 

National Port- 
able Room Cool- 
ers— Model 250 
Provide dehumidi- 
tication, filtration, 
cooling, circulation 
and ventilation loi 
offices, stores anil 
rooms in summer, 
circulation, filtra- 
tion and ventilation 
all year ’round 
T\vo types - A, air 
cooled , W, water 
cooled They are 
self contained, quiet, and plug in Fur- 
nished in richly grained walnut or with a 
prime coat Write for Form 240 for full 
information 


National Air Conditioning Units 



Modd iSO Av Condilionino Vntt 



Modd S/JO 4 »r C<mdifuminf/ Unit 



Modd thoo Ui Conditvmino Unit 


National An ('onditionmg (lints aie luado 
in thieesi/CvS, Models 450, S50 ,ui(l lOOO, 
lor a variety ol heating (Mpaeities, suitable 
lor small to model <itely laigi* lionu‘s 
Additional cajiaiity can be piovided j>v 
adding moie units They luinish all (he 
functions loi tine smnmei oi wintei an 
conditioning and may be used in hnmidi 
fynig, si)lit or all-aii-ionditioned systems, 
All three si/es aic av.iilable in standaid 
packages with heating oi tempeimg <oils 
Send lor Form 247 lor complete details on 
National units, .md then eiiininnent , 
operation, spceificalions iiiid instiiu lions 
loi installation 


See also Pa%es OOU^OOS 





Naliond Sted Chi 
Beating Unit 



Naiumd Cast Iron Oil 
Heating Und (018) 



ModdiSO 

Portalde Air Conditumer 




Air Conditioning, Automatic Heating Systems 


Norge Division 

Borff-Watner Corporation 

606-670 E. Woodbridge Street, Detroit, Michigan 
Norge Fine-Air Conditioning Furnace Unit 



Fully automatic with oil or gas as fuel 
1500-2200 cfm adjust able air clcliveiy 
Eftectivc radiation surlacc — 10 i sq It 
Hot gas travel— 30 lineal feet 
Bonnet output up to 200,000 Btu per 
hour 

Fuel efficiencies over 80 per cent 
Air filter automatically contiolled, re- 
moves 95 per cent o( lioating impurities in 
the air 

Correct humidification- - vapori/cs 2 to 
1 G gal a day 


One complete, practical, scientifit unit 
that warms, humidifies, filters, circulates, 
and purifies the air throughout the house, 
provides j)Ienty ol hot water fluring 
wintei, and has a simple ad)Ustmcnl to 
prevent steam In summer, it may 
easily be coiu'erted to cool and de- 
humidily the air Being a scientifically 
balanced, matched unit, vith exception- 
ally high luel efiiciency, the Norge I'lne- 
Air ('onditionmg Unit o[)crates «il low 
cost and the low first cost makes it an 
ideal installation for a new home, oi to 
replace piesent efiuipment 


Adiustablc, high -output, automatic 
domestic water heater 
Oversi/e deep-blade tan with reserve 
power simplifies air duct arningement 

Height ()2 in 

Width ‘10 in 

Length ()S in 

The Noige Whiilaloi Oil Burner is 

standaid e(|uipment with the Fine-Air 
F uinace nianulactured by Norge I leating 
and ('onditiomng Division ol Boig-Wainer 
Coiporation, Detroit, Michigan 


Norge Ideal Matched Boiler Burner Units 



Made in two types and six si/cs covering heating ref|uirements 
Irom ()(K) to 1350 sq ft of steam radiation. Also supplied wnth 
controls lor hot w'atcr or vafior he*it 


NC'-12 senes Boilei is made m lour 
si/es 

N('-121, 705 S(i ft ol steam radiation, 
NC’-125, 912 sq ft, NCM2(), 1125 sq It, 
NC-127, 1350 sfi It 

Norge Fin-Tyi)e Boilers, NC-8h5 lor 
500 b(i It bteiim rafliation, NC-8h'7 lor 
700 s(i it 


Model N-S Norge Whirl- 
ator Oil Burner iiicludcfl 
with all boilers, except 
NC-127, which re<[uircs 
model N-18 burner 


Boilers completely lacketed, 
beautifully finished Com- 
jilete controls and c'omplelc 
fire brick included T«u '0 I lot 
Water Supply 1 lealcr ojit lon.il 

See (iho Pas^e 0!i:J 
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Air Conditioning, Automatic Heating Systems 


UTICH PElDIHItIH CDRPDnnTIDN 
llTICH, N.Y 


THE UTICA CAST-IRON CONVECTOR 


The Utica Convector is designed for 
installation within enclosures and to heat 
effectively by convection The cored 
section IS ample to assure good circulat ion 
and rapid air elimination The widely 
spaced fins, integrally cast, will not clog 
and offer minimum resistance to air flow 
Utica Convectors will perform equally well 
on steam, vapor, vacuum and hot water 
systems They are simple in con&ti uction, 
durable and efficient 


1 1 1 1 1 1 1 u n mill III iiiiiiVivjiMiirriiiJl 
Tl l m I H M i l l I U 1 1 M lU 1.1 (kd 1 A tfL, 

wcrt'rrrrm 


1 1 1 1 1 1 1 i‘m \ 1 1-i.iiA.kVM 




The Utica Convector 


Made in in , in , in , and 
OJ'H 111 widths aiul in any lenglh above 
18 in in inulliples 1)1 T) in 



17 Sene^ Red&quare Botler 


UTICA RED- 
SOUARE BOILERS 
are stream line in ap- 
pearance and scien- 
tifically designed loi 
efficiency and futd 
economy 

The 17 Senes will 
cany irom 200 to 740 
SCI ft steam radiation 
and 830 to 1230 s(i 1( 
ol water ladiation 
The 25 Senes will 
carry Irom 020 to 1240 
sc| ft ot steam ladiation 
and 090 to 1900 si] It 
of water radiation 
Also available in oil 
burning types with ex- 
tended larkct 



Seytts Hftluitutfr Jtotlrr 



Cui^way mew of Ilumid-IIeet 
Radtatar showing porcelain enameled 
water wells 


llumid-IIeet Radiator 

The IIUMID-nEKT Radiator 

furnishes the req lined amount ot 
radiator heat — and replenishes the 
air with moisture Made m a wide 
range of sizes 


Midget Radiators 

Midget Radiators Due to then 
narrow^ width (2-tul)e, 3>.( in, 3- 
tube, 45*^ in.) and sect ions 1 >2 »» 
center to center, occupy one-third 
less space than standard tube 
radiators 



H’-Tuhe Mulgt't 
tft tvult 


Also Manufacturers of Standard Tube and Wall Radiators 
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UTim HflDIflTDH CDnPDRHTIDN 
Utich, N.Y 


THE UTICA AIR CONDITIONER 

For Homes, Small Buildings and Stores 



Ulttit Air Conditioner llvdro- itr System 


The Utica Air Conditioner was de- 
signed by engineers prominently identified 
with air conditioning since its inception 
It IS constructed on the I lydro-Air System, 
which provides operating characteristics 
and performance similar to the com- 
mercial installations of fine theatres, audi- 
toriums and restaurants 

The llydro-Air System pi ovules ac- 
curate control ot the conditioned air as it 
leaves the unit This permits automatic 
control of the temperature and huniiflity 
in the structure 

A line of standard package units for 
various si/ed ]obs giving true air con- 
ditioning in its Idlest sense lor any type 
of residence, small buildings or shops, 
stores, laboratories and offices A single 
moving part simplifies the construction 
and practically eliminates service 


The Utica Air Conditioner is ex- 
tremely flexible in its adaptation to 
operate uulepeiidciit ol or in coniunction 
with any kind ol heating system in old 
or new buildings Any Utica unit may be 
installed first as a winter air conditioner 
and then easily converted into a summer 
cooling unit . or installed as a year-around 
conditioner providing heat through ducts 
or a split system 

A true air conditioner at a reasonable 
price, in package lorm, rcciuinng only 
simple, inexpensive installation The 
Utica Air Conditionei is proven in perfor- 
mance by dozens ot installations all ov'er 
the country in all types ol lobs over a 
t)erio(l ol three >cars 



The Ilydiu- I// .Systtm unde} nvhuh 
till Cftua lir Conditioner is built, 
tirovides thorough waslitnti oj the an 
at all times, thus removing not nnl\< 
dust and soot but hollen, odors 
and smoke 


UTICA’S HYDRO-AIR SYSTEM WASHES THE AIR 



Air Condiliomng, Automatic Heating Systems 


Williams Oil-O-Matic Heating Corporation 

Manufacturers of Air Clondltionlng Equipment 

Bloomington, Illinois 

Service to Architects and Builders 

Chicaqo, 111 , 641 N Michigan Avenue Nhw 'I okk, N ^ ,I2?I (iruyitu Ituildiiig 

bor IVUltams Oil-O-Matu (hi Burntr Hquipmint ami 
Ice-O-Mattc Refrigeration Equipnitnt, \ee hile huitx. 


Air-O-Matic Combines Heating and Cooling in 
One Air-Conditioning System 
a ^ VriLUAMS 

ADMHwnc 


The Williams Oil-0-Matic Heating 
Corporation has developed an outstanding 
year 'round air conditioning system known 
as “ Air-0-Matic " Low pressure steam, 
which IS usually provided by an Oil-O- 
Matic operated boiler unit, is supplied 
directly to a copper finned heating coil 
within the central air distributing unit for 
heating service, which can be supplemented 
by direct radiation if desired. Proper 
provision for the addition of moisture is 
provided for winter heating service 

This same low pressure steam, through 
an especially developed absorption re- 
frigeration unit, provides the proper degree 
of temperature and humidity reduction for 
summer comfort A change from winter 
to summer operation can be effected almost 
instantaneously by means of a master 
control located in a suitable, convenient 
place 

The Williams Low Pressure Steam 
Absorption Type Unit, the outstanding 
feature of Air-0-Matic, has been especially 
developed to meet the particular require- 
ments of air conditioning through years of 
research in the Williams’ laboratories It 
affords adequate comfort cooling facilities 
with unusual advantages of economical 
operation, mechanical simplicity, com- 
pactness and freedom from fire and 
toxicity hazards Both the solvent and 
refngerant are newly developed chemicals 
and are essentially non-toxic, non-inflam- 
mable, non-corrosive to the common 
metals and chemically stable under all 
operating conditions 

The steam requirements for one ton ol 
refrigeration are 21 lb (20,000 Blu) per 
hour at a pressure of 10 to 12 lb guage 
The electrical power requirements for one 
ton of refrigeration are 75 to 100 watt 
hours per hour per Ion 

Low Steam and Power Requirements 

The low power requirements make pos- 
sible the use of single phase current in the 


smaller si/e installation, tlieieby saving 
the expense of providing Jl-pliaso cm rent 
For all si/cs ol niacliines any low pies- 
suie steam boilei ol the piopei (4ipa<ilv 
may serve to geneiate I he lecpiireil s(e<iin 

No'rh- Any low pressure steam 
boiler ol propei caiiacity may l>e usc<l to 
generate the refiuiied steam 

The only metal to metal contact ol 
moving parts withm the letngeiation unit 
is between the seal lace and se.il scat ol the 
solution circulating pump 'Phis seal face 
operates in a bath ot oil, tlieiehy assuiing 
profier lubrication 

In normal operation the jiressuie on the 
low side ol the unit is between H in and 
2 in of vacuum and the inessuie on the 
high side is between 22 and 2S lb gauge 
These new absoiption reirigcratioii units 
are remarkably aimjuct For example, 
the 20-ton unit is 50 in long, dO m, wide, 
and 70 m high. 

There aie now available 5 dilieienl si/<‘d 
units langing m capacity liom 2 to 20 tons 
The low side and watiu cooling eipiip 
inent is ol (onvenlional design 




Air Conditioning, Automatic Heating Systems 


Williams Oil-O-Matic Heating Corporation 

Bloomington, Illinois 

Manufacturers of Automatic and Manually Controlled Fuel Oil Burners 

Service to Architects and Builders 

CHirxGO, III , 641 N Michigan Avenue Naw Yore, N Y , 1231 Graybar Building 

/•or Williams \ir Conditioning Equipment and 
Ice-0-Matic Rtfrigtratton Equipment, see File Indet 


A Complete Line 
Williams Oil - O - Matic 
offers a complete line of oil 
heating equipment, six Oil- 
0-Matic burner models — a 
genuine Williams Oil-O- 
Matic of ideal capacity for 
every si/e and type of 
house, for every apartment, 
public building or com- 
mercial structure 

New complete boiler- 
burner units, a new and 
revolutionary type of oil-burmng auto- 
matic water heater, and a nc>\ oil-burning 
range burner lor heavy duly ranges arc 
available 

Heating Capacities of the Various Williams 







Model 

Domestic | 
Slupping 1 

Weight Lb f 

Length 1 

■5 

tj 

'S 

a. 

s 

2 

Ol. 

cd 

Gals' 
Oil for 
ating 

Min 

fuel 

Oper- 

Hour 

Max 

K.I50 

1)5 

30'' 

141// 

15'// 

I/IO 

1800 

% 

lYz 

K-3 

145 

^\w 

Wf 

\r 

1/10 

1800 

1 

3 

K-4, 5 

t70 


20%" 

18" 

1/5 

1800 

2 

4'/2 

K.7 

175 

33^ 

22%" 

18'// 

1/5 

1800 

3 

7 

J-I800 

255 

45" 

23" 

25" 

1/2 

1800 

7 

15 

JJ 

295 

50" 

33" 

22" 

1 

1800 

15 

25 


Malic Healing for additional data 
Water floaters 


0//-0- 


WHA* 

600 

58" 

23" 

28" 

I/IO 

1800 


WHBt 

885 

75" 

23' 

28" 

I/IO 

1800 


WHCt 

1380 

88" 

29- 

34" 

1/10 

1800 

1 


I 0 
iy4 

♦Output 90 F rise, 00 gal per hour i Output 
90 F nse, 120 gal per hour fOutput 1)0 F 
rise, 210 gal per hour 

Oil-O-Matic Hot Water Supply 
A new efficient hot water supply unit 
made in 3 sues covering oidinary home 
use, large 
home or 
'''■ com inert lal 
use, and 
heavy duty 
r e cj u i r e - 
incuts The 
entire appa- 
ratus - in- 
cluding Oil- 
0-Matic oil 
burner, com- 
b u s t ion 
chamber, 
water reser- 



voir, and all automatic con- 
trols — is combined in one 
compact unit Tank being 
horizontal instead of verti- 
cal, permits the use of a 
unique triple flame travel, 
the hot fire traversing the 
length of the tank three 
times before escaping, 
transfers all possible heat to 
the watei 

The unit illustrated, 
W1 lA, will deliver (>0 gal ol 
hot water i)er hour, raised IK) F m tem- 
Iieiatuie, which is c(iuivalent to a constant 
flow capacity ol 1 gal ol hot water per 
minute, using gal ol luel oil i)er oper- 
ating hour WHB has twice, and WHC 
has thice and one-hall times, the capacity 
ol Wf lA The WI IC IS also available as a 
boiler-burner unit— the WHC-S foi slc*im, 
the WIIC-W for hot water 

Underwriters’ I^istin^ 

Oil-O- Matic burners are listed as 
standard by the National l^oard ol Fire 
Underwriters to burn oils conforming to 
commercial, standard specifications for 
Nos 1,2 and 3 fuel oil Each burner carries 
1 he Underwrit ers’ label Also approved by 
important codes and governing bodies 

Regulations governing oil burner in- 
stallations are covered thoroughly in 
Regulations ol the National Hoard of Fire 
Underwriters for the Installation ot Oil 
Burning E(]uipment and for the Storage 
and Use of Fuel Oils in Connection 
Therewith 

Ranf^e Burners 

New type Oil-0-Matic ningc burner 
burns low-cost fuel oil Economical and 
ctticieiU Designed for heavy duty ranges, 
bringing oil heat economy to restaurant, 
hotel, hosfutal, steamship, dining oar, 
lesort and club The starting and stopiimg 
ol the motor, the ignition, the varying ol 
the amount ol oil burned and ol <iir 
delivered, are all controlled with one 
single lever 


Engineering) Service 

Available to architects wSc^e A 
File No 30 G-1 


I A 
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Air Conditioning and Dehumidifying 


The Lamson Company 

INCORPORATED 

Syracuse Offices in Principal Cities New York 


The lamson 

DEHUMIDIFIER 

for Controlled Humidity 



DRY AIR 

IN ANY WEATHER 
IN ANY QUANTITY 
AT LOW COST 

The r.anison DcImmidificT is (1csi}»iuh1 to 
meet the many (Icinaiids <>l imliistiy vvliere 
the conliol oi huinidUv is a vital part of 
processinj^ Tlie Deluiiuidifioi provides 
low humidity at otdiiiaiv tempc*iatures 
A solution ol Lithium ('liloiide is the 
moisture absorbiiipf *ii»oiit ol the Lamson 
Dehumuliiier applu.ihle wheiev'cr con- 
trolled, reduced humidity is re<|iiii(‘<l such 
as low temperature mdustiial diying pro- 
cessing: rooms, storajic warehouses, in 
processing hygios('oj)u iiiateiMls «iiid 
many other manulac liinm» lecpiirements 
Write tor more complete inlotiiiation 


Lamson Features 


t Low DewpomU at ordinary tempera- 
tures 

2 Uniform Humidity regardless ol 
i^eather — fully automatic 
3. Flexibility of operation — variable 
capacity. 

4 Central Regenerating Unit — Pipe 
Solution to point of use. 


5 Kills bact 01 la, molds, etc' 

0 Prevents acTiimulat ion ol oilois 
7 Less Heat uhiuiukI low pr<‘ssuie 
steam 

S Uses only oidinary available watc^r 
9 No replac'cnient ol Lithium ('hloride 
10 Low cost ol ()i>erat ion 


Table I — Equilibrium Dew Points of 
Lithium Chloride Solutions 


Specific 


Temperature of Solution and Air at Equilibrium 


vjravity 

at 75 F 

60F 

65 F 

70 F 

75 F 

8or 

1 22 

24 

29 

34 

38 

42 

1 23 

22 

26 

30 

34 

38 

1 24 

19 

23 

27 1 

32 

36 

1 25 

17 

21 

25 

29 

32 

1 26 

15 

18 

22 

26 

30 

1 27 

13 

16 

20 

24 

28 


Table II — Dehumidifying Effects of 
Lamson Dehumidifier 


Dev^mtof 
Hunud 
Entering Air 

TSV 

70 F 
65 F 
60F 
55 F 
50F 
45 F 


Deiwpoint of 
Dehumidified 
Air 

55 F 
52 F 
48F 
45 F 
42F 
40F 


Water Vapor Removed 
per 1000 Cu r t of 
Air per Minute 

38 lb per hour 
28 lb per hour 
21 lb per hour 
17 lb per hour 
12 lb per hour 
8 lb per hour 
5 lb per hour 
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Air Conditioning and Dehumidifying 


Pittsburgh Lectrodryer Corporation 

Foot 32nd Street, Pittsburgh, Pa. 

LECTRODRYER 

“ACTIVATED ALUMINA SYSTEM” 

Trade Mark Reg U S Pat Off 

Rugged Industrial Units for Direct Dehumidification in Air Conditioning, 
Control of Humidity in Chemical Processes, Storage Warehouses, Etc. 





What Is It 

The air conditioning t>pe of Lectrodryer is a ruggedlj 
built piece of industrial equipment designocl specifically 
for partially or completely dehumidifying air These 
umtb, when combined with au\iliary apparatus lor 
cooling, filtering and circulation, provide an economical 
means for complete summer air conditioning, lor in- 
dustrial processing rooms, pharmaceutical houses, 
theaters, restaurants, office buildings, stores, etc fn 
control ol humidities tor industrial and chemical pro- 
cessing, the Lectrodryer ma> be used with or without 
cooling as needed 

How It Operates 

In the Lectrodryer moist uie is reiiun cd from t he air by 
the ph\sical phenomenon ol adsorption using “the 
Acli\atc<l Aluimiia vSystem ” The adsorbing agent is 
activated alumina, a product cspeci.iHv prc[)aied lor 
this imrpose by the Aluminum Company ol America 
The moisture is lenuwed Ironi the an as it passes 
through the aclnated alumina without jihvsual or 
chemical change m the activated alumina The 
acti\ate(l alumina is reactivated auloniiitically in 
place The correct amount ot the <idsoil)ent is sui^plied 
WMth the machine and no iurlher additions are retiuircd 

Where It Is Used 

The an conditioning type ol Lectrodryer is designed to 
operate on a continuous day m and day^ out basis, if 
reciiiired, to maintain the reiiuired low relative humidi- 
ties Lectrodryer ccjuiiiiiient enables tlie maintenance 
ol lower than normal relative humidities in storage ware- 
houses, in pharmaceutical and chemical plants where 
hygroscopic and oller\escent salts are handled, in 
drying cabinets and similar equipment, lor drying 
cupola blast and controlling moisture content in com- 
bustion furnaces, lor dehumidilying in connection w’ltli 
comtorl installations «iiid similar problems 

Advantages 

No corrosive chemicals arc employed in connection with 
Lectrodryer equipment thus assuring non-conlamm.i- 
tion ol the air stream 

Units built for gas, steam or electric reactivation, 
which ine«ins that in man> instances w'aste hc*at from 
other proceswsc's can be used as a source ol react ivMt mg 
heat 

Low maintenance costs are assured as no regiil.ir over 
hauling or replacement ol jiarts is reciuired 
Kc[uipment is lool-prool and stiird> 

The Lectrodryer Dries with or without Uoolin^ 

Sizes 

Standard si/cs available with rated flow's ol Irom 200 to 
12,000 dm and with maximum moisture removal 
capacities ol irom H lb to 5(K) lb per hour 
S71) 



Air Conditioning and Dehumidifying 


Research Corporation 

405 Lexington Avenue, New York City 
“Water Saved is Money Eat ned” 
COEY MULTI-STAGE COOLING TOWER 

(I* VII Nltll) 



The Coey Multi-Stage Cooling Tower 
nickel iron castings, Red Gulf Cypress \ 
centrifugal fan rotor, and the Coey Spray 


Gives Controlled Cooling. 

Minimum Noise Level. 

Sprayless Operation. 

Architectural Harmony. 

Because ol itsconipaolness, light weight, 
spia> tree anil iiuiet operation, the ('()e\ 
Multi-Stage C'ooling Tower is esiKH i.illy 
well-suited to looi and h.isenient nistaf 
lations in congested <iieas, nioieoviT, the 
highly etfii lent cooling pioviiled by the 
multi-stage priiuiide makes this unit 
desiralile lui installalion anywhere 

constructed ol a copper biMimg steed shell, 
0(1 batlles, a non-ovei loading leveise blade 
liniinator (Patented) ol (oppei bcMiing steel 


Air Movement — non-overloading centrilugal lolor, high elliueni'v, and vaiiable 
speed Principle of Operation -Three-pass, couiitci-c III rcMil Ilow' No iie loiination 
on fan rotor during Winter operations 


No 

GPM 

i 

Short 

Dia- 

meter 

Height 

Above 

Beams 

Net 

Weight 

lower 

Lst 

Weigiit 

of 

Water 

lotal 

Oper 

Weight 

4 

40 

6 

3'-2' 


1000 

500 

1500 

10 

100 

6 

yjo" 

9'-0"’ 

3000 

1300 

4300 

2o 

250 

6 


I4'-9' 

10000 

3500 

13500 

35 

375 

6 

lO'a)'' 

l4'-9'’ 

13000 

4500 

17500 

50 

550 

6 

M'-9' 

l7'-8-' 

16500 

6500 

23000 

85 

850 

8 


18'-6'' 

24000 

11000 

35000 

MO 

MOO 

8 

1 \6'>r 

21 'a)"- 

35000 

14000 

49000 

150 

1400 

8|IW 

25'.0'^ 

44000 

19000 

63000 



Research Air Conditioning System 

Removes excess moisture by chemical absorption, with <m nievpeiisive lonipoimd 
known as “Caloricle ” The system has two distinct lunclions, (1 ) the rout lol ol hiimidit\ 
and air purity for industrial applications, including the drying and tninlii at ion ol 
various gases, and (2) the control ol elTcctive temperature ami an pin it y loi hiiinan 
comfort and health 


Other Equipment: Cottrell Electrical Precipitation SystomsS Muhiclone 
Dust Collectors— Impact Separator Cottrell Royster Deodorizer Royster 
Stove for High Temperature Heat Exchange. 



Air Control Dampers 


Young Regulator Company 

Department G 

4500 Euchd Avenue, Cleveland, Ohio, U. S- A. 



The Young Regulator la 
ample to inUaU, with 
dtred connection to the 
clamper H tc made of 
ruit-resiiting metal and 
presents a neat appear- 
ance Finished in plain, 
nickel and bronze Anij 
other Jinish if dewed 


YOUNG REGULATOR 

A Convenient Control of Air Conditioning 
and Ventilation 

The Young Regulator controls the \ olume ot air flow thru a duct by 
opening and closing a volume damper with which it is connected by 
a in scjuare rod Contrary to all jiast practice the dainpci can 
now be placed near the grille outlet, and the Young Regulator 
installed on the wall surface, w'here it is both decorative and easily 
accessible 

In air conditioning installations, it is essential that all clanipeis be 
securely locked in position, alter proper air flow has been adjustefl, 
otherwise the system cannot function piopcrly — The Young 
Regulator permits accurate setting of the damper and positive 
locking, so that no unauthon/ed person can tamper with the 
damper and throw the entire system out of balance 




For service in schools, 
hospitals, residences, 
ofliccs, banks, factories 
and public buildings, 
the operator in charge 
ol air conditioning and 
ventilating linds it 
easy with the device, 
to establish and main> 
tain the proper volume 
ol air, free from iiiter- 
lerence or meddling 


For Locking a Volume Damper 
in a Permanent Position 


With the handy wrench the d.imiicr 
IS readily set to ,idmit the desired 
amount ol tcmpcicd an, and locked 
III that position making it tamper 
proof The device lor adjusting is 
the outermast nut, or head, with S 
sides, turned by wiciich Rchind 
the adjusting nut is a set nut with 
10 sides, ol huger dianiotcr which, 
with a turn of the wiench, will lock 
the regulator at any desired position 
or release it This nut is diflicult ol 
access by any ordinal y wiench 
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Air Filters 


The Air-Maze Corporation 

813 Huron Road, Cleveland, Ohio 

ENGINEERS AND MANUFACTURERS OF AIR FILTERS EXCI,USIVELY 


Direci FvcroR\ RFPRrsiiNi \.iivi‘S m Ni<w V'ork, Piiii \i>i i piiiv, 
Dutboit, Clfvei vNi), CiiiCM (j Tins^ vnd Svni\ Hakharv 

DiSIRIBinORS IN PRINCIPAI U1II‘S \NI> KJWNS I llkOlK.llDll I Mil 
LlNIlIU) SIAM'S 


During more than a decade devoted 
exclusively to air filter engineering and 
manufacturing, a great deal about the 
control and elimination of dust, dirt, pollens 
and grit has been learned by Air-Ma/e 
engineers Their design and cfevelopment 
of a unique type of filter element con- 
struction, embodying distinctive advan- 
tages, has been considered a worthy con- 
tribution to the air filtering science and has 
resulted in wide acceptance of Air-Maze air 
filters in all fields of application 


f. tfi Thtck Paiul J in Thick Panel 

C iii-aiL'ay vinuv shnioinR oPni tud edRi of \n-Mazr 
Permanent Cleanable Pand htUtis 

Note Advantages Made Possible by 
Air-Maze Scientific Construction: 

Costs Little to Clean -The separat ing 
layers and exact spacing ol bailies peiniit 
free washing action between and around all 
baffles Cleaning and oil charging is done 
at the same time (juickly, simply and 
economically 

Great Dust Capacity- On the lace arc 
coarse baffles exactly spaced, which evenly 
impinge bulky particles Progressively 
inward are finer meshes I nstead of one or 
two progressions in density there are 
many; consequently, great (fust capacity 
is possible enabling long operating periods 
before servicing is required 

Vibration Proof — Vibrations m seivice 
cannot shake filter media out of position 
the uniform density remains permanently 
perfect , no replacements are necessary ! 

No Special Oil Required— In Air- 
Maze each square inch of the panel handles 
the same amount of air Properly drained , 
as directed, no oil will he carrtea through, 
since the air velocity is held evenly low anil 
uniform in every square inch Therefore, 
especially adhesive oil is unnecessary 


Low Restriction The iclativel> “ofion 
fabrication” of Air-Ma/e is only possible 
because ol built -m cMUt deiibity Such 
construction enables low' piessuie diop 
which rcmairib propoilionately low during 
long operating pciiods 
No Clogging - Heiausc Aii-M.i/e panel 
filters are easy to (omplvtely cle*ui ami 
since the exact density enables uiiilonn 
deposit ol dust, no ( logging < an (k< ur 
Adaptability In addition to an con- 
ditioning and power ('‘(|iiipnient inslalbi- 
tions Air-Ma/e panel lilteis aie ellec lively 
used in humidilicis, w<i(ei eliminator 
units, paint spray-1 )ootbs, oil scpiuatois, 
and other apiiluations wlieie sjiec ific piob- 
lenis and unusual leciiiiiemenls are Oiisily 
handled by adaptations ol (he p.iiiels 
Air-Ma/e panels will be made (o lit Irami's 
ol existing insbilladons and (mii Ih* Iui- 
nished with loi king handles and lat('ii(‘s, or 
with flanged edges and Iill hamllcs 




MaRniJn d Set lion of “ Londi d" I - Mn *,< 1 n 

hilUr PJLiment Noli that dirt hfi'> him tjniit ev< nh 
impinRid on onl v one \tdc of tin ivot \ Xo oh\ti ut It d 
spaces lan he sien I'fins ftoluie attounts (to tin Loie 
Pressure Prop anti Xon-tloRRitiR t hanuten'^tus of 
1 n-Afti .f 


TECHNICAL INFORM A'iTON 

Sizes Stock si/os are two and toiii- 
inchcs thick, 10 x 20, 20 x 20 and 1 <> \ 2 1 
in All other si/es aie made to ordei a I no 
additional fabncMtion costs 
Capacity - The rei'oimncnded an (Mjia- 
city IS l}'i to 2hi elm per scpiaie inch loi 
normal industrial installations Thus the 
recommended capacity ol a 20 x 20 m 
Air-Ma/c Panel is (KK) to 1000 dm 




SS2 



Air Filters 


The Air-Maze Corporation 

813 Huron Road, Cleveland, Ohio 


Resistance — For 2 m thick panels the AIR-MAZE INSTALLATION FRAMES 
resistance varies from 0 10 in to 0 16 m 
H 2 O when handling 2 cfm per square inch 
of filter area, and for 4 in thick filters the 
resistance varies from 0 126 in to 0 146 in 
H 2 O, the variation being in accordance 
>Mth the different types of filter media 
construction available To obtain specific 
restriction data write for graph RE-1 
Construction — Air-Maze filters are of 
patented construction consisting ot a maze 
of alternately placed and exactly spaced 
flat and crimped galvanized wire screens of 
selected meshes, these are arranged with 
precision so as to create graduated and 
progressive density, and to positively 
embody the baffle impingement principle 
The filter element is enclosed in a 16 gage 
metalescent enameled steel frame having 
a “Z” bar open end to siiiiplily servicing 

AS EASY TO GLEAN AS A. B. C. 

All-Maze Panel Holding Frames are ton- 
stiucled of metalescent enameled 16 gage 
channel-1 orined steel having rolled Iront 
edge and ^ 1 in flanged back edge A thick 
Iclt liningon insulcol flange insures against 
an leakage when panels are m place Each 
frame is a complete unit and may be used 
alone in single panel installations, or many 
units may be bolted together, with a felt 
seal between edges to make a large bank ol 
filters Every unit is fitted with latches 
lor t he locking handles supplied on panels 
In determining Iramc si/es, H is 
allowed over both width and length 
dimensions of the panel filters This 
'*8 in. includes frame edge, clearance and 
lelt seals between edges 
Specify Air-Maze- -lor all air filter 
installations and you will be assured of 
efficient, economical PERFORMANCE 
Engineering Service Available- The 
Air-Maze Engineering Department will 
gladly offer installation suggestions lor 
special air filter applications 
Other Air-Maze Products -In addi- 
tion to the panel types, Air-Maze Corpor- 
ation also manufactures a complete line of 
circular shaped air filters for use in various 
Railroad, Industrial and Automotive 
applications 

Literature Available— Bulletins l^AN- 
36 and B PAN-86 • Covering complete 
panel air filter details Graphs G-ll and 
G-12. Showing results of tests made 
with A S H V E. Code Test Apparatus 
Brochure RR-96 Describing Railroad 
Air Filters Catalog fi-M-86 Covering 
complete line of Air-Maze 
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( ut-away I leiv 

Set the t>anel on one ed^e, with 
often etui dmvn to dratnjor about 
iOmtn This drams off «'X6< ss oil 

Cleaning Instructions —When cleaned 
as illustrated a film of oil is left on the 
filter media and no further dipping or 
charging is rec|uired Filters may be 
cleaned in gasoline or kerosene if more 
convenient, m which case they should be 
allowed to dry and then dipped into thin 
oil before placing m service. 

Kind of Oil to Use — A very thin oil is 
always used in order that cleaning and 
draimage will be facilitated Expensive, 
especially processed oil is not necessary 
with Air-Maze Inexpensive oils of 75 or 
less, SUV viscosity, at 100 F, obtainable 
from oil companies at a nominal cost, 
should be used 




/It'r Filters 


American AirJFilterCompany Inc. 

1st Street and Central Avenue, Louisville, Ky. 

Representatives in Principal Cities 


Dust Engineering — Dust 
Engineering is that branch of 
applied science which deals 
with the origin, nature and 
characteristics of the small 
solid air-borne particles called 
“dust," and the developmeiU 
of methods, processes and 
apparatus for its control or 
elimination 

The American Air Filter 
Company, Inc , has had an 
important part in advancing 
the science of Dust Engineer- 
ing The efforts of its Re- 
search and Engineering Stall 
for the past twelve years have 
been devoted exclusively to 
the study of dust problems 
and the development of a 
complete line of air cleaning 
equipment for modern air 
conditioning, building venti- 
lation and the control ol pro- 
cess dust in industry 

American Air Filter pro- 
ducts, therefore, not only 
embody the knowledge ac- 
cumulated from years of con- 
stant research and the ex- 
perience gained from design- 
ing, building and applying 
thousands of air filterb, but 
are backed by ample technical 
and financial lesources to in- 
sure their outstanding posi- 
tion in the Dust Engineering 
field 

Products — American Air 
Filters are available for every 
condition, with operating 
characteristics and efficiencies 
to suit specific problems In 
general, there are two distinct 
types based upon the “viscous 



BenvrVeni Fitter 



iutomalu MultirPancl Filter 


W 




fhomti Iti Filter 



Airmat Tape Filter 


film" and “dry nut" 
principles Each type is 
nude m several styles 
which diltcr in method ol 
operation, servicing, bp.i('e 
reciiiired and initial cOvSt 
to meet the various con- 
ditions encountered m «iir 
cleaning problems A dis- 
cussion ol vaiious filter 
types will lie lound in the 
Technical Data Section 
under “Air Cleaners " 

Air filters are generally 
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used loi the lemoval ol dust, 
dnt, bacteria and other 
loieign nutter liom the air 
and «ue applied to general 
ventilation, modem <iii <on- 
ditioiiing, plot ess dust con- 
trol, lot an (oinpiessors and 
Diesel ICiigines, mill motors, 
tuibo-geneiatois and otliei 
elect I It al applit at ions, <uul 
ioi an or g.is imdei piessiiie 
to remove entuimed oil, 
moist me and dn t 
Air Filters In An (kin- 
ditioning I'llteied 4 in is 
today iirogin/ed as essentul 
m modem an eonditionmg 
There .11 e otliei nnpoitaiit 
l.ictors \slmli tontiibute to 
out (oiuioit siu h .IS teni- 
peratiiie, «in movement .ind 
iuinnditv, but sciente today 
emplusi/es the pimie netes- 
sityol pine. HI loi liealth.ind 
edit lent \ 

An < Ituneis luve.ol t ouise, 
tdways bt^eii <‘onsid(‘i<Ml an 
iiitegi.d p.nt oi laigt' teutial 
systems 'I'liest^ aie usually 
ol the lnll\ automat t( tvpe 
such as the M lilt I Tanel hlter, 
illustiati'd in the .KToinp.iny 
mg ]>hotogia])h 
'Hieie ,ue now avail.ible to 
manul.u tuieis ol unit an 
(ondilumeis inodeiate prited 
unit lilleis siieh as the kenii 
filter, the'fhrowav liltei, .uid 
olhei types oi (illeis illii 
si rated on t his page. 

The Kenii liltei is an 
cnlncly new depailiiie m .111 
filter const I IK tion It ( on- 
sists oi «i pet manent metal 
I Mine fiiovided with a le- 
iiiovable covei and lenew- 
ablefiUei jiad Tbeeovei 



Hlandard V'ivokii thnl Filter 






American Air Filter Co., Inc. 


Air Filters 


IS easily removed without the use of tools, 
and filter pad can be lifted out and replaced 
with a new' one at very small expense in 
less than a minute’s time 
The Throw'ay filter, as the name implies, 
IS an inexpensively constructed unit 
designed to be discarded alter it has served 
Its maximum period ot usefulness and 
replaced w'lth a new filter unit The Filter 
pad is enclosed in a perforated cardboard 
container which makes it possible to 
dispose of the dirty filter by burning it m 
a furnace or incinerator 

There is probably no single item which 
costs as little and may mean as much m 
the design ot an air conditioner as air 
filtration These units are lurnished in 
any dimensions or shaiies desired They 
are usually built in units handling 40() cfm 
and Irom 2 in to I in thick They are 
usually made in the lollowing si/es - 
20 X 20 in , 10 X 25 in and 10 x 20 in High 
cleaning efficient les can be securerl, with a 
resistance to air flow ranging Irom *i(, in 
to in water gauge 
Automatic Self-Cleaning Air Filters 
The American line ol automatic «iir 
fillers IS complete, the most popular types 
being IVIulti- Panel, Hori/ontal and l^hocnix 
Filters 

All types are lurnished lor either con- 
tinuous or inlei nut tent seivite and arc 
available in si/es and set-ups suit aide to 
any desired capacity or space condition 
Standard Viscous Unit The Anien- 
tan Unit Air I'lltcr nuoriKuates the time 
testeil unit print iplc‘ol tonstiudion Kach 
unit c'onsists ol a standard steel Inimcand 
mtcichangeablc* c'cll ctiuii)iK*(l with auto- 



matic latches to lacilitale removal tor 
cleaning and recharging 

Airmat Filter Dry Type The filtering 
media in this type is the Airmat sheet, a 
dry filter mat C'omposed ol thin sheets ol 
gau/y , cellulose tissue The An mat sheets 
arc supported in screen pockets niounled in 
a unit irame ol hox-like (oust rut tion 
These unit Iraincs can be set up to meet 
any capacity rciiuiiement or space con- 
dition The Airmat sheet s are renew <il)le - 
their blc dciicnding on the dust condition 
and hours ol daily serv ice 

Airmat filtcTs .irc‘ used both lor air con- 
ditioning and industrial an c ondilioning 
In the latter field thev me iMitKiilarly 
well adapted lor the lecoveiy ol \«ilual)lc 
dusts and lor abating the dust nuisance 
which conlionisso wuiwy mdustiial plants 
All mat filters aic av«iilabU‘ m two tvpes, 
(he I*L-21 as il lust nil c‘d ,ind the Well 
Pocket l>pe unit 

Our slandaid data books and c atalogiies 
are to be loimd m most engimx'iing fik*s or 
lil)iaiu‘s We wnll be glad to lurnish lull 
data to engineeis oi manulac turens in- 
terested in (his subiec'l 



Vaium Ti/pt't oj Unit Att FiUvrsfm An (^mdilioning Worh 





Air Filters 


Goppus Engineering Corporation 

339 Park Avenue, Worcester, Mass. 
MANUFACTURERS OF AIR FILTERS, STEAM TUR- 
BINES, FORCED DRAFT BLOWERS, COOLING FANS 


“COPPUS AIR FILTERS PASS CLEAN AIR” 


Goppus Unit Filter 

Goppus Unit Filter — The Goppus Unit Filter is of the dry 
type using a removable filter glove of all-wool felt and sui)- 
ported by a rigid, welded distender frame which is adjustable 
so that after assembly the filter glove may be stretched and 
held tautly inside of the filter casing, giving the pockets a 
tapered shape so essential for an even air flow All metallic 
parts are rust-proofed (Bondenzed, Cadmium Plated), and 
Duco painted 

Specifications 

Normal Rating 800 cfm 
Resistance when clean 2 m W G 

Dust Arrestance (deamng effiaency) 99 61 per cent (Tested in act ordaiu o 
with A S H V E Standard Code for Testing and Rating Air Cleaning 
Devices Used in General Ventilation Work) 

Dimensions 20 m by 20 in by in 
Weight per unit 26 lb 



Air Intake Side or 
Stationary Unit Filter 



Cleaning Filter Ele- 
menle toiih Portable 
Vacwm Cleaner 


Outstanding Advantages 

1. It has an exceptionally high dust arrcstancc 

2. It maintains a high dust arrestance even under iliverso (.onditions 
of neglect 

3. Its operation is not impaired by atmospheric (onditioiib 

4. It IS a Medium Air Resistance Type (C'Uss (') according to the 
A S H V E Code for Air Cleaning Devices 

5. It is easily and quickly cleaned without rcinoviiig (he liltci element 

6. Its cost of upkeep IS very low because t he permanent liltei element 
is reconditioned periodically with a vacuiiin < le«aner 

7. It combines scientific knowledge and practical engineering methods 
with highest quality of material and workinarLsliqi 


Goppus Dry-Matic Filter 
Automatic Self- 
Gleaning Dry- 
Type Air Filter 
— It uses a spe- 
cially wwen cotton 
textile as filter 
medium arranged 
m the shape of an 
endless belt in zig- 
zag fashion over 
rolls The hori- 
zontal pockets have 
a tapered shape 
thus securing an even rate of air flow over 
the whole effective filtei area. At pre- 
determined intervals the filter curtain is 
automatically moved by a small geared 
motor over the rolls, thus passing over a 
suction nozzle. For certain types of dust 
the filter is also equipped with a beater 
which, at predetermined intervals, auto- 
matically reconditions the filter curtain 
The cleaning and reconditioning operation 
Write for Complete 



takes place while the viMililat mg s>sUMn is 
m operation. Built in capaiities Itom 
2000 cfm up. 

Goppus Window Air Filter 

It supplies d continuous (low of hltcicd <iir, 
IS extremely quiet in oiiciadon, keeps out 
street noises, clmiinates tint nn<l <liist 
including invisible pat tides, and last, but 
not least, is very cllei'live against mg 
weed pollen 
I in concent i<it ions 
I commonly iound 
in the hay lever 
"season Its use 
is I ecom mended 
for of lues, homes 
and luLspitals 
Air Filters for Gompressors and In- 
ternal Combustion Engines. 

Steam Turbines, Horizontal and 
Vertical, 1 to 150 lip. 

Forced Draft Blowers. 

Portable and GooHng Ventilating 
Fans. 

Bulletin on Any Filter 



8S() 



Air Filters 


Independent Air Filter Go. 

215 West Ohio Street, Chicago 

Representatives in Ali Principal Cities 



Three Setiton Group, ff li tn 
high by 9 ft 0 in wide, (aptudy 
di 1,000 ifm "Doublf ~ Duty” 
Jilterii are buiU in eapatiliett from 
3,000 io 000,000 tfm 


DOUBLE-DUTY 

Self-cleaning Non-clogging 

Maintenance Free 

Designed for large installaLion rec[Uire- 
ments, where automatic operation and 
unvarying air. flow are important factors 
’The_ filtering principle is that of true 
impingement on vi^us coated metal sur- 
faces Endless filter curtain composed of 
die stamped steel louvre plates, heavily 
indented and disposed in overlapping form 
Acute deflections . of individual fins, con- 
stantly coated with heavy oil, result in 
high cleaning effjciency Entirely self- 
cleaning, regardless of dust content ol air 
Sell-draining design of curtain plates 
eliminates danger of oil entrainment 



Cioi^-Milton through 
filter Sludge is / emim d 
at interval'i oj tiM to six 
months Oil (onsumii- 
tton negLupUe ■'intri 
(hanged, meuly n- 
identsked 



Foi group systems, mtional fiame^ ate 
I ui rushed as illuttruled Frame<i an 
lain Mated in the form of a rujid vertual 
seition oJ the r«iuired units in luight 

PERMO PAD 

Washable Waterproof 

Acidproof 

For general air filtration pur- 
poses A highly lesilient filter 
e\panding tightly against its 
frame providing a perfect seal 
against air leakage PERMO 
PAD IS made entirely self-sup- 
porting by an expanded metal 
grill incorporated in the rear side 
by a process that makes it an 
integral part ol the unit Frame 
size (overall dimensions) 20 x 20 
\ 6 in Rated capacity per frame 
unit — 800 cfm Initial resistance 
(tandem arrangement ) 0 18 W.G 


Servuinq oju ration unload- 
inq, nfiUinq and replat tag - 
I on suffirs (U the moot 3 min per 
unit Useful life of Jilter 
trtidium varus from three to sir 
months defrendmgon individual 
tonddums 


KOMPAK 



Simple method of detaching unit from 
frame mil be noted alrow Improved 
style lot King deme i lamps felt mil 
firmly against main framf 


A Dry Fabric, Low Velocity Air Filter 
With Renewable Medium 

For general ventilation and industrial air cleaning 
Filtering piinciple that of straining air through 
fabric material at low velocity Standard filter 
medium hi^ grade, fluffy cotton material with high 
cleaning cfliciency anil remarkable dust holding 
capacity Each unit contains 27 sq ft of filler 
medium, which, at normal rating of 000 cfm results 
in a velocity of 22 fpm through medium Initial 
resistance 0 1 5 in W G. 


Rngtneenng Informaiion Available on Request 
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Air Filters 


INDUSTRIAL MATERIALS DIVISION 

Owens-Illinois Glass Company 

Toledo, Ohio 

A¥T> 1?TTTT7DC APPLICATION 10 RESIDKNTIAL, <X)MMKRCI Al. and INDUS- 

AiK rlLIlLKo trial heating. VENriLATIN<; and AIR-<:ONI)ITI<)NIN<. SYS'IEMS 



“FIBERGLAS” MEDIUM - ADIIESIVE-COATED - RKIM.ACEMEN'r 1 ’YI>K 


The Dust -St op Air Filter con- 
sists ot a senes of mats ol 
Fibcrglas, progressively packed 
- -coarse glass fibers ol lesser 
density at the intake lacc and 
fine glass fibers oi great ct 
density at the discharge lace 
These mats are coated with a 
non-evaix)rat ing fireprool ad- 
hesive having evtraordinaiy 
wetting power, retains its 
viscosity under operating temperatures 
ranging from IS^F* below' to 3 ()()“F above 
zero, w'lll not flow' oft or charge t he air wit li 
molecules Dust -Stop Air Filters arc 
engineered to provide high efliciency at 
lowr cost of installation and maintenance 

BLOWER APPLICATIONS 


Diisl Stoi) All h ilt<M liaiiic as- 
semblies aie sbuidaid in (lu^ 
units oi inan> maimhii ( iiieis 
and aie .ilso iiislalled by eiigi- 
iieeis ol ( omiiieK i.d and in- 
dnsliial iie.it ing, xtMitil.iliiig 
an<l air ( oiidit loiimt’ I'l.nne 
membeis ol (oldiolU^d steel 
aie .isscMiibled \eilically or 
hori/ontalK in ( onibiiiat ions to 
fiiovide loi anv ( Ini and sp.ue 
rc(|uiiement Dust Slop hillei I'lame 
assemblies aie complete with nuts, bolts, 
gaskets and filteis hJlu i(‘n< v <)7 per 
cent (teste<l «ic(oi<ling to ASlIAA'lv 
Standiud Code loi Testing ,iiid Kaliiig 
Air C'le.ining Devices Useil m (leneral 
Ventilation Woik) 




Dust-Stop Air Filters 
are widely accepted 
by manufacture! s ol 
blowers, engineered 
as standard in their 
units for residential 
w’arm-air heat mg and 
air-conditioning sys- 
tems and for the air- 
in-movenicnt phase 
of split systems 

: 1 


GRAVITY WARM-AIR FURNACES 

Furnace manufacturers have develoiicd a 
filter boot applicat ion of standard 20 m v 
20 in Dust-Stop low'-resistancc Air Filters 
which encircle the furnace, with openings 
at the base of the casing introducing a 
uniform supply of cold air to the castings 



(Lrkt) *‘L" mrmhn mumhlif ('<*11 nrr V) r in 
Two jillm iH tandt m ( Vt/wi ifi/ inr n II Sitn t fm nl fOd Ipn 
(Biiixiw) “Y" mmlnr tnsmhlii Frontal mm jm unt 
Uw than ltAyp< a/ immc (ajnu Up Tim hitfi » 



Dust-Stop All h'lltcMs iiie sl.iiidaul ecpiip- 
inoiit in individual looiii <iii coiidit loiuus, 
window veiitihitois .ind ciiculating units 
for the removal ol pollen and dust (anii^l 
bac'teria haidosed units lor lush an 
intake iii ('ommeicial am! industiial veiiti 
latmg and aii-coiiditiomiig systems 
Fil)erglas I^lmnnator M.its au‘ us(‘rl .done 
or m ('011)1111(1 ton with legulai Dust Stop 
Filters III ('le.inmg an and lemovmg pai 
tides ol moisluie lioni the an in systems 
which employ water spr.iy loi ('ooliiig and 
(lohumidificalioii 
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H. J. Somers, Inc. 

00(i3-(}0 Wabash Avenue, Detroit, Mich. 


Air Filters 



Fiq t-"V” 
Ti/pc -soldrrtd 
Lonklrwlion 



Fiq i-^‘WV" 
'J'qpe —all- m'lded 
<on\h\ulwn Fdltr 
huk rfinovuUi 


The Somers Filter Mat requires no 
adhesive material to catch the dust 
particles of the air stream in passing 
between the fibers Its construction is 
such that It forms an effective dust bar- 
rier that IS highly efficient, the range 
depending on the type of pack, air stream 
velocity and the character oi the dust 
Cleaning the filter is easy and it is a most 
desirable construction for use where oper- 
ating velocities or tempeiatures are re- 
latively high or where a high degree of air 
purity must be secured 
“Hair Glass” in this form leacts with 
practically none of the chemical elements 
carried in the air stream It is easy to 
maintain in proper functioning condition 
as “Hair Glass” neither rots nor dis- 
integrates in service “Hair Glass” is 
pliable and tough, it is both odorless and 
:ion-al)sorptive Consequently, the user 
has wide latitude in his methods of hand- 
ling and cleaning the unit 
The Somers Filter does not have to be 
replaced as soon as it fills up with dust 
The entire pack may be washed with hot 
water, cold water, or chemical solvents 
and as often as necessary, without in the 
least impairing its operating efficiency 
Standard frames and mesh are galvan- 
ized or alloy although other materials can 
be furnished if recjuired 
The Somers filter may be assembled in 
different thicknesses 
No 1 Pack — The thinnest, is used where 


1 7i no / •*. Ml i jb 



the resistance must be kept low It is 
usually employed for domestic applica- 
tions, recirculating systems and gravity 
flow 

No 2 Pack — Is generally used for all 
commercial and industrial applications 
It will arrest liquid particles in the air 
stream 

Filter units can be made to exact 
dimensions 

Bank holding fiames can be supplied 
Give outside dimensions 
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GIVEN VEE RIDGES RUN VERTICALLY, 

-parallel to'x’ dimension 
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Air Filters 


Staynew Filter Corporation 


6 Leighton Ave. 


Air Filters for Every Purpose 


Rochester, N. Y. 


PROTEGTOMOTOR DRY TYPE FILTERS 
(Fot t emoving foi eign matter from au at atmosphet ic or othei ptessutes, with 
various types for building ventilation, dust tecovety, oxygen 
chamber and all air cleaning put poses.) 

One basic principle - the fin or V-Typc ( onsl i utM ion 
IS employed in a slightly different manner loi cvimn 
P rotectomotor dry filter This basic principle peiniKt, 

(1) a large area of filtering mediuin to ocdipy (he 
smallest possible space, and (2) the intake ctirients to 
move parallel to the filtering surface at low v<‘I(ki(\ 
Protectomotor Dry Filters retiune no oil oi oilier 
adhesive material to catch dust c lean, di y, odoi I(‘ss an 
is assured Authorities agree ( hat the posil ive di > ( \ (le 
filter IS most efficient in stopping the snullei an home 
particles Protectomotor dry filters <ic(u»dly f)ie\ent ' f 
the passage of pollen, bacteria and wKit 
Cleaning is easily and quickly effected during operation by use ol <i siietnil \a( uiim 
cleaner nozzle Protectomotors operate from 3 months to a ycai without at tent ion undei 
average conditions Panel Units average slightly longer wear t han Mull i i)t‘ nnil s 
several years at least without replacement 

Resistance to the flow of air is less than 0 25 in water gauge loi Panel Units oi Miilti- 
V-Type Units when operated at rated capacity 




Panel Units: These 
consist of a panel insert 
and frame The panel 
insert is composed of two 
rows of 60 hollow loops or 
fins 6 in in depth These 
fins are formed of special 
rust resisting embossed 
wire mesh, supported by 
a retaining grate of steel 



Front nevi Panel Hear wcio Panel 

Untl ihamnyaiminq Unit hhowmg Fin 

grate and frame < Um itrui tm 


Ol .iliitniiuin) and a siniilai 
hp.icmg guitc ICach lou 
ol tins ih (ovcKsI vMth a 
single pieiv oi Keltc\ 
filtiTing incdinui. Tins 
incdiuin is .i iclidikc ina- 
tcnal, cspc( killy picptiicil 
loi the tipplicat ion Spc( i- 
iu at ions below 


water gau)je 
28 lb 


Size of filter and frame 20 \ 20 \ t)'*s in 

Size of filter panel P) • o \ 10 * o \ 0 in 

Capacity of filter unit (normal air) HOO c f in 

Surface of filtering medium .12 s(|. It. 

Linear velocity of air through filter medium IS 1 p ni 

Resistance of clean filter to flow ol air < 

Weight of filter panel , 

Weight of filter panel and frame 

Multi- V-Type Filter Unit: Similar in fundamental const i in 1 ion 
to the Panel Unit, but employing a slightly diflercnt filtering medium 
The Multi-V-Type medium is ol closely pressed cotton fibres held 
between two sheets ol cotton gau/e The medium is arranged in 
patented V shaped pockets in a fibre board anil pressed metal iiame 
These patented cells can be ijuickly and mcxpensivcly replaced when 
worn out Their arrangement makes possible an active filtering 
surface of 27 times face area— the highest ratio ol filtering 
surface to face area of any Protectomotor, making tlie Multi- 
V-Type ideal where face area is limited 

In certain installations the Multi-V-Type is more practaal 
than the Panel Unit because its construction fits the available 
space better, or because it is lighter in weight per square foot ol 
filtering area 

Space is lacking to give complete specifications, but these will be mailed promplly on 
request 



AfulthV-Tm FilUr Unit 


890 




Air Filters 


Staynew Filter Corporation 

Air Filters for Every Purpose 

6 Leighton Ave. „ Rochester, N. Y. 

PMfflSiR 


PROTECTOVENT 

A Window Ventilator unit that supplies clean air at all times to home or office Motor 
dri\ en fan, filter and silencer combined in a practical device with many obvious apphca- 

_ _ tions No draft — no outside noises ’ Helpful 

to hay fever sufferers, since the Multi-V-Type 
filter medium removes 99 9 per cent of all 
pollen and dust as well as 98 per cent of 
Protectovent U wdow Ventilator bacteria 


** iiiiiRfi i 
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PROTECTOMOTOR IMPINGEMENT 
AUTOMATIC AIR FILTER 

(A filtet Joi efficiently and economically handlinfi 
latffe volumes of air fot all ventilating, purposes.) 

In this model loroign matler is removed from the air by inipingc- 
ment on two endless lovolving curtains Most filters ol this type 
{xisscss one curtain only The first curtain passes through an oil 
bath, wheie foreign matter drops oil and sinks to the bottom 
This oil bath moistens the curtain thoroughly with oil 
The second curiam docs not pass through the oil bath Its 
purpose IS to airest the slight amount ol oil entrained in the air 
stream Itom the first curtain and any finoi particles ol dust th.il 
might remain m the air stieain The second cuitain makes clean, 
dry air a certainty 

Two additional exclusive leaturcs aie to be noted One is tht‘ 
comiiiessed air cleaner system (see diagiam) consisting ol toiiper 
tubes drilled with holes, placed at the lowci edge ol each curtain 
ami connected with an air line These cleaners pi ovule a positive 
method ol cleaning the cuitains Ironi time to time ami what is 
even moie important —prevent oil eiitram- 
nient Such a method is <lesirablc under r.^ rewp , 

A utomatu Filler conditions ol heavy dust concentration || 

Another exclusive feature relates to the ' I • 

ilirection of curtain travel Ordinarily in filters ol this type, the | 

direction ol rotation IS such that dust collected on the intake side " ‘ | 1 . 

IS carried over to the outlet side bclore passing through the oil J , I • * 

bath In this Protectomotor model, dust collected on the intake ‘| i J- 

side IS removed by passing through the oil bath before the curtain ' / 

which had been carrying the dust leturns to the outlet side • ! j 

C'urtain travel is intermittent, rotating in during the •, i i ' 

operation ol the mechanism which is approximately 20 seconds coMrar^HO AMiM'i ilj j|||| | 

each halt hour The mechanism is actiuited by a j(, h p motoi J | I 

controlled by a tclcchron motor lor AC circuits or electrically mm«u«ov« ♦' | 

wound clock lor DC AC timing devices aic ad)uslable for 
various periods of oi)eration I r’P, '‘V* 

The oil bath is charged with Pmgene, a highly viscous, odorless, \ lij/ • 

gci micidal lujuid, with high fire and flash ixjints and low pour test jj / > 

Average operating resistance is 0 35 in water gauge. osawkui.' _ 


WRiFh FOR Catalog Mi ntioning 
Sprcial Interests 


Jhagiam of Autimnlu Filler 

Protectomotors also made for Internal 
Combustion Engines, (Compressors, 
Turbo-Generators, Air Transmission 
Lines, etc. 




Air Filters 


Universal Air Filter Gorp. 

IVS2 West Mithigaii Sliet^l 

Duluth, Minn. 




L ntversal 1 ype h Rtplaftmnil Fillo 


EFFICIENT PRACTICAL 

Filtering media is a cotton like sheet 
designed to arrest passage of dust, dirt 
and foreign material from the incoming 
air quietly and efilcicntly Noodoradded 
Filters easily disengaged, media quickly 
removed 


IhitViisul l \>lu ( . Snthtmt/ I /V/'. Pi, mil 

REFILL FIl/rERS 

llniveisal 'I’ypo C-i 

Haskcl lvp(‘ < oiisliiK I i(»M o| ,{ (n 5 
baskcls (oplioiitd) suppoilmg (olion hk<> 

hlUTt ol IlllCinig lIK'ditI IkMWCI'M S(I(*(‘II,S 

H.iskcts m(‘ sui)poi((‘d m h<ui/oiil.il posi 
tion by Ii.uik* l(iitii<‘d in siulions 

‘if) in \‘jr)in (\ip.i(*ii\ ‘JOOI) ( liii K(Ms 
tiiiKc 1) 10 \vg \\ hen < Kmii 

Universal 'Pypes (;-,i and C-l 

Combine low (ii^l < osl iind low iipk(‘<‘p 
in one lillei means oi wne snei'ii.s 

suppoiting eolion like sheet in /ig /ag 
shape, lilleimg aiea is giealK ineieased 
Rehlled by lenioxing siieens and medi.i 
bom .steel lianies, inseiting <l<‘an iiKMlia 
betwecMi seieensand iepla< nig assembK in 
flame 

Type ('ll ('apa<it\ 1000 elm 

Type (’-1 ( apadtv 751) dm Ke 

stslancc clean, 15 wg 

REPLACEMENT FU/FER 

Universal I’ype K 

Cotton sheet media with papmboaid 
case fitted to lit) \ UO sectional st(*i‘l hame 
Light, cltuient, easily leplaied, and 
completely disposable Adapted to tit 
various I yjies ol baniesnow in usi‘ (' 4 ip,i- 
city (KM) dm Resisttiiue 0 15 wg when 
clean. 
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Boiler (Cleanser and Leak Seal) 


The Vinco Company, Inc. 

305 East 45th Street New York, N. Y. 


VINCO BOILER 
CLEANSER 
A positively 
harmless insol - 
uble powder 
cleaner for new, 
remodeled and 
old heating sys- 
tems. A unique, 
scientifically 
processed com- 
pound on a 
special formula 
not to be con- 
fused with other 
powder boiler 
cleaners. 



Vinco for Old 
Systems 
Annual cleaning 
ol the old heating 
system adds years 
of life to the boiler, 
pre\ents rust de- 
terioration and 
saves much fuel 
and fire atten- 
dance Only half 
quantities given in 
specification table 

Our Three- Fold 
Guarantee 


Adopted By 

* American Radiator Co Sarco Co 

*Iiumham Boiler Corp Tituamllc Iron WorU Co 

Hoffman Spaialii/ Co *Uniled Btaiea Radiator 

International Heater Co Corp 

*Nalvmal Radiator Coi p and many others 

inco Diatnbutois 

What Vinco Does 

Vinco permanently removes oil, giease, 
scale, rust and diit liom the internal sin- 
taces and Iroin the boiler water without the 
labor of blowing boilers over the lop 
By tilts thoroii{ii t leansing Vinto stops foam- 
ing, priming, singing, and slow steaming 
How Vinco Works 

Each minute giaiii ot ViNi o iiowder 
absorbs seveial timcb its own weight oi oil, 
rust and dirt These huger giains ol 
absorbed impuiitics then settle ami aic 
blown thiough the bottom, according to 
directions on each can 

Vinco Specifications for New and 
Remodeled Steam, Vapor and Hot 
Water Heating Systems 

Clcaiilnji tho Syslom — Upon coiuplcUon of tho 
iDutallutiuii, lL( (‘oiitructor ohiill ole<in the uystem by tho 
\ INI u uioth(Kl to removo oil, Rrcaae, rust and dirt from the 
txidor usum t III of in oxact accordaiioo with 

iiumiiacturor'B diiiolioiifl (Hoilors should not 1 m‘ blown 
down undor pusisiin*, nor Hhould .unda or aikalioH be UNcd ) 
This oompound muat remain in tho boilor for at least 10 
days of normal operation— not longer than 60 days At the 
end of this pencia, boiler must bo thoroughly drained and 
flushed before refilling with clean water 


tin writing spooihoation, uiscrt m this space numlier of 
liuunds of VINCO to 1)0 used in accordance with the following 
schedule For systems having actual installod radiation oi 


Up to 

350 su ft 

600 “ 


31b 

JSl “ 


5 “ 

601 “ 

1100 “ “ 


8 “ 

1101 “ 

1400 “ “ 


10 “ 

1401 “ 

1800 “ “ 


n “ 

1801 “ 

2100 “ “ 

_ 

15 ‘‘ 

2101 " 

2700 “ “ 

_ 

18 “ 

2701 “ 

3100 ‘‘ “ 


20 “ 

3101 “ 

1700 “ “ 

__ 

23 “ 

3701 “ 

4200 “ “ 


26 “ 

4201 “ 

4600 “ " 

— 

28 “ 

4601 “ 

5000 “ “ 


Vi “ 


Above 5000 sq ft use an additional pound of Vinco for each 
additional 300 sq ft of installed rodution 


1 Vinco contains no potash, lye. soda of 
any kind, oil, acid or othci harmful 
ingredients Leading boiler manu- 
facturers have plated tags on then boilers 
advising against use of acids or alkalies 

2 Puichase price is iclundcd it lesults are 
not as claimed when Vinco has been 
used according to directions 

Vom Lime, money and comtoit are 
Imthei Mleguarded by 

Our Free I.aboratory Service 
Saves thoustincls ol dollais by analyzing 
the boiler water bejoie malving neccllesb 
mech.inicMl changes It desiietl, the boiler 
watei IS ag«im cx*iniincd after the VbNCO 
tieatiiicnt is completed, and “certified 
chemiCiilly correct “ lor boiler ojieration 
(Wiitc loi details ) 

VINCO SUPERFINE LIQUID 
BOILER SEAL 

A diilercnt luiuid leak seal Unique m that 
it does not induce priming and loaming 
It h«is no unpleasant smell Makes speedy 
and permanent repairs ol boiler and heating 
system leaks Fine to tighten up new 
jobs Directions simple 

Quantities 

Steam and Vapor Systems —Use I cjuart 
Vinco Liquid Boiler Seal to each ti sq ft 
grate arcfi 

Hot Water Systems — Use 2 quarts 
Vinco Liquid Boiler Seal to each G sq ft 
grate area 

VINCO SOOT-OFF 
Destroys soot from coal, oil or gas burning 
heating equipment Easier, cleaner and 
quicker than brushing. Makes short work 
ot jobs too hard for brush or scraper 
Cleans fire pot, flues and chimney in one 
simple operation Non-explosive, thor- 
oughly safe 
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Boiler (Feeders) 


M^DOMVELL & MILLER 

Manufacturers of McDONNELL Boil€f Wotcf Lcvol CONTROLS 
General Offices: Wrigley Building, Chicago, IlL 


PRODUCTS: 

Boiler Water Feeders; Combined 
Boiler Water Feeders and Low 
Water Cut-oifs; Low Water Cut-offs; 
Combined Low Water Cut-offs and 
Pressure Controls; Humidifier Water 
Valves. 

McDonnell Be 
Water Feeders (No*! 

6 1 and 53) 
automatically 
supply >\ater 
to heating 
boilers when- 
ever the boiler 
at er le\ el 
falls to the 
danger point. 

They not only 
end the low 
water hazard, 
they also improve 
boiler efliciency 
by feeding water 
only when it is 
needed and in 
exact proport ion 
to the needs 
For automatic- 
all> fired boilers 
they are combined 
with low' W'atcr 
cut-olf switches 
(No’s 47-2, 51-2 
and 53-2) In 
these combined 
units the teeder 
takes care of all 
normal operation 
If an emergency 
should arise such 
as extreme prim- 
ing, foaming or 
failure of water 
supply, the switch 
stops the burner 
or stoker, but only 
until the emer- 
gency IS passed” - 
completely auto- 
matic control that 
“ makes the boiler 
water level as 
automatic as the 
firing ” 

McDonnell Low 


Watci C ut-olls ( No's (>(>, ()0>A, dO B .md 
34-1 IP) are loi autoni,ituall> I'ikmI jobs 
w'heie the ownei is not willing to |)a\ the 
slightly higher cost ol an (‘ntiiel\ aiito- 
iiiatK. combined lecvlcu and cut ofl 'riiov 
ollei ii dependable nicMiis ol stopping the 
but net in the event ol a low w.itc'i con- 
dition Low walei cut -oils .ue also tin- 
nished w'lth a built in piessure contiol 
(No’s 02- A and 02-B) 

MECJIIANICAL ADVANTA<;ES 

The |)ioved <lc‘pen(labihty ol Mc'Donnell 
Boiler i^eedeis is lounded on the c'omplete 
isolation ol the lend valve and «ill \it.il 
woiking |)arts iiom the luMt ol tin* (lo<it 
c'hanibeu As n lesult the walei at t he lec*d 
\alve does not ic*a<h (he* ('iiti(,il teiiip<‘ia- 
t lire at whu h lime and s< ale is piec ipitalcnl 
'Ihis eliminales “liming” and stiiking ol 
the lend valve thecMiisi^ol most i(‘edei 
lailurc's 'rins lealine the “(ooMcvd 
valvn” isc'oveuMl by Patent No 1,031, ISO 
All McDonnell I'cmleis have vstamless sUnl 
valves, double sylphon (packless) con 
struction, stiaight tinust vaUe action, 
mulliplic‘d closing powei, laigc‘, cmsiIv 
cleanc'd, mtc*giiil stiainc»t 

Me Donncdl hVc‘(lc‘is, C'ut olls.md h'c*c*d(‘i 
('lit oil ('ombinatioiis aie a\ailable with 
the Me Donnell “(hiick Hook Up” tcMtuic* 
whicdi penults cpiu k and c>asv inst. illation 
in gauge glass t<ii)i»mgs, automat ic'ally 
deten mine's [irc'c ise c'lil oli point, and 
assmc's ideal lepiocliic lion ol walei lew el m 
Iloat c'hambc'i diliicailt to obtain m small 
boiUns by any othc'i mc'ans 'I'liis leatuie 
(louiicl in No 17, No 17 2, No 0(>, No 
OO-B and No 02-B) is c'oveic*d bv P*itent 
No I,U<)7,7Sr) 

OTHER EOlJIPMENT 

Othei McDoniu'll c'ciuiimient mcdudc's 
No S7 Water Level ('ontiol lor hunudiliei 
pans ol warm an luinacns, high «ind low 
liciuid level switches, g<is pilot val\<‘s 
(interchangoable with low Wiitei < at oil 
switc'hes) and a wide' i.uige ol spe*eial 
c'cmtrols C'at«ilog 30 c'ontains e'omplete 
descriptions, iMpacily cliail, senviin ic* 
c'oninuMidations, installation instuic tions, 
electiic'al ratings, wiling diagiams, dimen- 
sional drawings, and typuMl siu'c ilicMlioiis. 



No 47-i} (^omlmml Fmlei and 
IjOW Water Cui-of} inlh **Qituk- 
llook-Up" joi lmUri> hehw 
\q ft (apatUii Alito lainislu'd 
without low ^oalci (ut-oQ nwiteh 
lot hand-lmd hoiUts (No P) 
FiUnm pmmuh up to liS lb 



foi laroer Also 

furntnhed without su>ttthfor hand 
JiTed bodirs (No Rt) Steam 
preKfurvii up to 2R lb 



At thelejt w the No titi nmple. (omjnut. trim Imw Watt 
Cut-off with '"Quiek~Jlook-{fp tiatute lor Innleri of an 
size SUam Frrzitures up to Hi lb 
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McDonnell & Miller 


Boiler {Feeders) 


SERVICE RECOMMENDATIONS 


Boiler Size 

Steam 

Pressure 

McDonnell Product 
to Use 

FOR HAND FIRED BOILERS 

Up to 5.000 sq ft 
Above 5 000 sq ft 
Any Size 

Under 25 lb 
Under 25 lb 
25 to 75 lb 

No 47 Water Feeder 

No 51 Water Feeder 

No 53 Water Feeder 

FOR AUTOMATICALLY FIRED JOBS 
Water Feeder — 

Low Water Cut-off Combinations 

Up to 5.000 sq ft 

Above 5 000 sq ft 

Any Size 

Under 25 lb 

Under 25 lb 

25 to 75 lb 

No 47-2 Feeder Cut-off 
Combination 

No 51-2 Feeder Cut-off 
Combination 

No 53-2 Feeder Cut-off 
Combination 

Low Water Cut-offs 

Any Size 

Any Size 

Any Size 

Under 15 lb 

15 to 25 Ib 

25 to too lb 

No 66 Low Water Cut- 
off 

No 60-A or 60-B Low 
Water Cut-off 

No 34-HP Low Water 
Cut-off 

Low Water Cut-off — 

Pressure Control Combinations 

Any Sue 

Under 12 lb 

No 62-A or 62-B Com- 
bined Cut-off and Prtv 
sure Control 


TYPICAL SPECIFICATIONS FOR 
LOW WATER CUT-OFF 

Furnish and install on each boiler, m 
accordance with the manufacturer’s in- 
structions, a McDonnell ik Miller No 
Onsert f) Low Water Cul-otl, to be float 
operated and to have pack less con- 
struction Control wiring to be ol 
flexible armored cable All wiring to 
meet the reciuircnients of the City 
Fleet iical lnsi>ection Depaitmcnt and 
the National Hoard oj Fire Undtr- 
writer 6, 

I Insert »it this pmuL “No (10,” “No (lO-A,” 
“No hO-H" or "No .il-HP," as indwatocl by 
servuo lonilitiona in tlie Table above (11 
No b2-A or No is induated specduations 
should t ovt r the pressure control leature as out- 
lined cm PiiKe 27 ol the McDonnell ('atal<»K h») 


N 0 a 0 - li 
*'Qui< k-Ilook- 
tfp" IjOW Water 
('ul~ofl inth M(~ 
Donnell mjnnfj 
(onltul (No ii) 
titnldiforhodiro 
of am/ 8ize 
Hleam prrt«ur<"t 
up lo ISff lb 
NO Com- 
bined CtU-off and 
Pressure (Jontrol 
IS nmxlar tn 
apjmranrc and 
(onstruclion, 
narimum tleam 
pressure 113 lb 



TYPICAL SPECIFICATIONS FOR 

BOILER WATER FEEDER OR 
COMBINED FEEDER 
AND CUT-OFF 

Furnish and install complete in 
every essential detail for each boiler 
unit Automatic Boiler Water Feeder 
— and Low Water Cut-ofT (if auto- 
matically fired) — equipment as manu- 
factured by McDonnell & Miller, 
Wngley Bldg , Chicago 

Boiler Water Feeder to be (insert*) 
of the manufacturer’s most improved 
design, with all working parts isolated 
from the steam and hot water zone by 
packless sylphon construction Float 
power to be multiplied through a 
leverage mechanism which contains a 
sclf-centcnng roller directly above the 
valve stem All bearing points, pivots, 
and levers to be outside of the steam 
and water /one Valve cone and seat 
to be stainless steel, removable and 
renewable A strainer to be incor- 
porated in the design and to have a 
solderless basket mounted on a flange 
lor easy removal Feeder to be in- 
stalled complete with all piping, valves, 
fittings, and specialties, as indicated by 
descriptive diagram in the nianu- 
iacturcr’s construction bulletin. 

Upon completion of the installation, 
the contractor to place this automatic 
cciuipmcnt m successful operation, sub- 
ject to acceptance and approval of the 
architect’s engineer 

When combined units No 47-2, 
No 51-2 or No 53-2 are specified, ad(l 
the following paragraph to specifica- 
tions* ^‘Make electrical connections 
lor low water switch to control fuel 
supply equipment, so that the fuel is 
automatically shut off by the boiler 
water control. Control wiring to be of 
flexible armored cable All wiring to 
meet the requirements of the City 
Fleet ncal Inspection Department and 
the National Board of Fire Under- 
writer ” 


•"If job iB lund bred, inseit* " No 17/’ “ No 
r>r’ or "No b.i," as mdiwtcd by sc^rviLC con- 
ditions in the Table above 

*Ii job IS automatically firod, insert “ No 
17-2,” “No 51-2” or “No 5:^-2,” ab indicated 
by service conditions in the Table above 
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Boiler (IVaier Treatment) 


Aquatic Chemical & Metallurgical Engineers 


114 East 32nd Street 

Water Treatments 
for Correcting 


ns 

SERVICE 


. New York, N. Y. 

Rust, Scale, Foaming and 
Related Water Troubles 


An Organization of Water Treatment Experts Announces Two 
New A. C. M. E. Developments to Eliminate Metal Deterioration in 


2. AIR CONDITIONINC SYSTEMS 

The prchCMUO ol .i v(mv Inufr amount ol 
an, with Its many i in (unities, dissolved in 
the walei used m air condilionmg (ilants 
accelciates the tonosion iikiiiv lold 'I'lns 
icbults in a very real and seiious luohleni 
A. C, M. E. An ('ondit ionmv» 'I'le.itment 
piolec'ts all (laits wliiih tome in contact 
with w.itCT by usint* i<‘uul.ited amounts ol 
proper chcmuals 'I'he (leic entai*esol e,i( h 
and the lelation ol one to .motliei .ne 
maintained liy our autonialK le(‘dnn» 
cIcvK'e Thesi' 'I'leal meni s .ii e not (loison 
oils ictitiKl/css ol the amounts uscmI and 
iheicloie («in be lumdled and uscmI Siilely 
Red brown (><11 tides in WMtei indicate 
corrosion Oui aii.dysis will de- 
teimnie .itcnirale conditions lioltles sent 
on rccjucst ( No c'hai};e) 

Results: 1. Eliminates corrosion and eiosmn in the enlite luMtini* systmn 'IVsts show 
A. C. M. E. treated metals last at least S to 10 times longei than unhealed 
metals See our Street Steam Reixirts 

2. Saves at least 7 ])ei cent on steam b> kc*ei)mu tiajis dean 

3. Saves electricity Clean tiaps do not (Muniit “blowing Ihiouqh” tints 
shortening vacuum fuimp oiieiation 

4. Pays lor itsell m lom»ei eciuiiunent lileand smoolhei o()ei,ition ol s\sleni b> 
stopping costly lenevval ol pifie and lec onsi i ui I ion woi k 


1. STREET STEAM SYSTEMS 

Having successfully treated corrosion in 
marine and stationary high pressure boiler 
plants, A. C. M. E. undertook the cor- 
rection of a serious problem ol coirosion 
existing in the street steam heating system 
in one of the largest buildings m the world 
Nearly three years ot intensified chemical 
and engineering research resulted in the 
perfection of a unique and wholly new' 
A. G. M. E. Service. 

This consists of an exact (iroiiortioning 
mechanism and chemicals (patent ai:>phed 
for) which protect the entire heating 
system by reaching every point in accurate 
proportions These A. G. M. E. Treat- 
ments contain no heat retarding in- 
gredients 


A. C. M. E. Treatments for Boiler Heating Systems 

Instead ol deiiending on a single (ireiiaiation lor <dl boileis .md all lioubh's, (hiec^ 
specially prepared A. G. M E. (uoduc ts <ire now av.ulable S(‘e |)i('lui<‘ bidow 

The Action of A, G. M. E. lioiler 1 Icating Treat incMits is to mix wilIi Ihesleiim m lh<‘ 
form ol small bubbles Thus has a wus/zn/ij ellect on the enliic syslem (an val\<‘s, hajis, 
hot water heaters and auxiliaries), bunging all looscmc^d oil, iiisl .md diil (uiilicles ba< k 
into boiler These particles are kc'jil in a (hcMiiica! and (iliysual colloidal sus(><Mision 
until blown out, according to (liiect ions in oui No 1 I. P Pullelm 
A. G M. E. ingredients do not settle out in Ihe boilci , and < ,iiisc < logging 


RECOMMENDED AND USED BY LEADING HEATING AND VENTILATINC; ENCHNEERS 


A Glean Heat- 
ing System 

No Priming 

Fuel Savings 
Up to 25% 



More Steam at 
Lower Boilci 
I^ressures 

Quicker Steam 

Stops Rust 
and Prevents 
Gracking. 


IMTA. C. M. E. Users are Impressed hy Positive Results 
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Boilers, Gas 


American Gas Products Corporation 

Division of American Radiator & Standard Sanitary O>rporation 

40 West 40th Street, New York, N. Y. 

Gas Boilers for Hot Water . . . Steam and Vapor Heating . . . Automatic Hot 
Water Storage Heaters . . . Air Conditioners . . Gas Fired Steam Radiators 




- 1 p proved by 
4 G A Laboiatory 
fof Steam, Vapor 
or Hot Water 
If eating Systems 
Rill in its Belmv 


I I; 




Slandatd Ideal 


Bmliui Ideal 


0 


Specifications for Standard Ideal and Empire Ideal Gas Boilers 


SHAM BOIl LRS 


Steam 

AGA 
Steam 
Rating 
Sq ft 

Supplu > 
Sq ft 

No and 6i/t 
of lappings 

Water 

AGA 

Water 

Rating 

Sq ri 

Supplies 
Sq I t 

No and Si/c 
of 1 appings 

Boiler 

Number 

Dirett 

C I 

Supply 

Return 

Boiler 

Numlicr 

Direct 

C I 

Supply 

Return 


Radiation 

In 

In 


Radiation 

In 

0-GS^ 

270 

173 

2 21/2 

2 2</ 

2 2'/ 

1 Wl 

l-GA-4 

210 

135 

2 V/l 

2 PA 

O-GS-5 

360 

230 

i-i '4 

l-GA-5 

280 

180 

2 I'/i 

2 I'A 

(WLS-6 

450 

289 

1 m 

l.GA-6 

350 

225 

2 vA 

2-PA 

O-C.S-7 

540 

146 

2 2}A 

1 Wl 

I-GA .7 

420 

270 

2 Wl 


0-GS-4-L 

255 

163 

1 3 

1 Wf 

2-GA-4 

420 

270 

I 2A 

O-GS-5-i: 

340 

218 

1 3 

1 n/ 

2-GA-5 

560 

359 

1-21/^ 

1 2Vi 

1 214 

\-i 

o-as-6-L 

425 

272 

1 3 


2-GA-6 

700 

449 

OlGS- 7 -L 

510 

327 

2 3 

2-<,A-7 

840 

539 

1 2i/, 

2 2A 

2 2Vi 

2 2Vi 

0-GS-9-I 

680 

436 

2-3 

2 Wl 

4-GA-9 

1120 

725 

X 2'A 

(WSS-I I-L 

850 

545 

2 3 

2-1 '4 

4-GA-ll 

1400 

915 

2 2'A 

l-GS-4 

610 

391 

2 4 

2 4 

4-GA-I3 

1680 

1109 

2 lA 

l-GS-5 

775 

497 

2 4 

2 4 

1-GW4 

980 

631 

2 4 

2 4^^ 

l-GS^ 

940 

606 

2 4 

2 4 

l-GW-5 

1240 

807 

2 4 

1 4 

1-GS.7 

1105 

715 

2 4 

2 4 

l-GW-6 

1500 

980 

2 4 

2 4 

l-GS-8 

1270 

825 

2 4 

2 4 

l-GW-7 

1770 

1168 

2 4 

2-4 

14^9 

1435 

938 

2 4 

2 4 

l-GW-8 

2030 

1353 

2 4 

2-4 

14:35-10 

1600 

1050 

2 4 

2 4 

l-GW-9 

2300 

1598 

2 4 

2 4 

I-GS-Il 

1765 

1165 

2 4 

2-4 

1-GW-lO 

2360 

1739 

2 4 

2-4 

4-GS-6 

2000 

1332 

2 6 

2-5 

I-GW-1 1 

2820 

1935 

2-4 

2 4 

4-035-7 

2400 

1624 

2 6 

2 5 

4-GW.6 

3200 

2214 

2 6 

2 5 

4-C3S-8 

2800 

1922 

2 6 

2-5 

4-CW-7 

3840 

2676 

2 6 

2 5 

443S-9 

3200 

2214 

2 6 

2 5 

4-GW-8 

4480 

3151 

2 6 

2-5 

44^10 

3600 

2505 

2 6 

2 5 

4-GW-9 

5120 

3634 

2-6 

2-5 

4-GS-ll 

4000 

2793 

2 6 

2 5 

4-GW-lO 

5760 

4114 

2-6 

2-5 

4-GS-I3 

4800 

3387 

4 6 

3 5 

4-GW-ll 

6400 

4571 

2 6 

2 5 

4-GS-I5 

5600 

4000 

4 6 

3 5 

4GW-13 

7680 

548f) 

4 6 

3 5 

4-036-17 

6400 

4570 

4 6 

3-5 

4-GW-15 

8960 

6400 

4 6 

3 5 

4-GS-I9 

7200 

5143 

4 6 

3-5 

4-GW-17 

10240 

1 7314 

4 6 

3 5 

4-C36-2I 

8000 

5714 

4 6 

3 5 

4-GW-19 

11520 

8230 

4-6 

3 5 

4-GS-22 

8400 

6000 

6-6 

4-5 

4-GW-21 

12S00 

9143 

4-6 

3 5 

44^5-25 

9600 

6857 

6 6 

4 5 

4<;W-22 

13440 

9600 

6-6 

4 5 

4418-28 

10800 

7714 

6-6 

4 5 

4-GW-25 

15360 

10970 

6 6 

4 5 

443S-31 

12000 

8570 

6-6 

4-5 

4-GW-2B 

17280 

12343 

6-6 

4-5 

44^-33 

12800 

9145 

8-6 

5-5 

4-GW-31 

19200 

13714 

(>-6 

4-5 

44^-37 

14400 

10285 

8 6 

5-5 

4-GW-33 

20480 

14625 

8-6 

5-5 

44^1 

16000 

11430 

8-6 

5-5 

4-GW-37 

23040 

16457 

8-6 

5 5 





4-GW-41 

25600 

18286 

8-6 

5 5 


WAILR BOILERS 


All Boilers cxccpl type 4-G are available in either Standard Ideal or Empire Ideal luodi^b 
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Boilers, Cast-Iron 


AMERICAN RADIATOR COMPANY 

mtoiowof AaIEMCAN B aDIATOR S. SCANDflJtP .SANITAlOf r X)RPORATIOM 
40 West 40th Street, New York, N. Y. 


PRODUCTS FOR EVERY HEATING REQUIREMENT 


AUTOMATIC COAL-FIRED 
BOILER No. 21 




960 


Designed especially 
for use with mechan- 
ical stokers Recom- 
inende<i by leading 
stoker manutac- 
turers Can be used 
with either built in or 
external water heat- 
er The hot gases 
travel foui times the 
boiler’'S length during 
which time all heat is 
absorbed Available 
in four si/es Ra- 
tings:** Steam 510- 
sq ft, Water SI 5-1535 sq It 



IDEAL ARCO ROUND BOILER 


A low priced boilei 
Uses hard or soft coal or 
coke May be easily 
converted to automatic 
firing or oil or gas lucl 
Machine ground sui laces 
ol doors and sect ions 
prevent waste of heat 
Ratings:*^ Steam 200- 
800 sq ft, Water 320- 
1280 sq ft. Available in 
six si/es 


NEW IDEAL ARCO ROUND BOILER 


A deluxe edition ol the 
old Arco Round Attrac- 
tive red enamel |a( ket New 
Arco Circulator for quicker 
pick-up Precision ground 
Arco Relief Valve fSensi- 
tive all-metal Arco Auto- 
matic Regulator Asbesto- 
cel insulation Ratings:'" 
Steam 300-800 sci ft, Water 
480-1280 sc\ tt 




IDEAL REDFI.ASH BOILERS 

Regular A piac- 
tical boiler lor the 
.i\erage home Red 
enamel )aiket Ship- 
ped msH turns so Hut 
It (an be easily in- 
stalled Mlllli-ply 
Asliestoiel insulation 
Available in live dif- 
(i‘ient si/es Auto- 
mat u' Damper R(‘gu- 
lalor Ratings;* 
Steam 275 OlOOwi ft, 
Wal(T ‘l l(M*l,r>r>0 s(| 
Rtdular II Spix'ial Boilei lor 

(iuimng sod (oal 


Deluxe Atliae- 

1 1 \ e led eiiamid 
lai ket ('omplelely 
('omiuls I he i(‘gular 
boiUn .md ptovuks 
sj)ai‘(‘ lot installation 
o( iiidiieei water 
li(‘at(M without d(‘ 
(MiMsing ellii‘i(m(*y 
( ool iMeinal suilaix* 
by (omplele insula- 
tion Ivisilv a(((*s- 
sible bolder Same 
i.il mgs as legul.ir 
mod(‘l 



Pel ii\f 


ARCOLA 


llol Walei Iioil(‘i tor 
small homes U|) to six 
looms, sloit*s, gamges or 
othei small buildings 
Needs no basement. 
Available in lluee styli^s 
uniai kelisl, with msulaleil 
iai'kel, and with <'ir< u- 
liitmg lai'ket Radiatois 
(Mil be <i( (ached to it, 


^RocommenUed Load Kupn'M^iUs att.Khwl 
lojul m aqiuio Iwt K I) R iiicIiKlmp pipinp 
which may be pUiihI on MoiIim m unudaiiic* witli 
•iciepteu inhtalKition titaiiilaids lot (sonoiui<a1 
oixMation 



See aho Pages 8J}Smd97Ji 
898 




Boilers, CasUlron 


AMERICAN RADIATOR C OMPANY 

DIVISION OF AmEMCAN H ajPIAlOR &. SraUlMJU) .SaNITAHY n ORPOHATlOM 

40 West 40th Street. New York, N. Y. 

PRODUCTS FOR EVERY HEATING REQUIREMENT 


MAGAZINE BOILER No. 15 

Works on a gravity 
feed principle The fuel 
IS stored at the top and 
moves down by its own 
weight to replace fuel 
consumed Requires less 
attention than ordinary 
boilers Can be luelcd 
with many kinds of coal 
or coke Ratinj*sC 
Steam 400-1000 sci It, 
Water 040-1000 sc] ft 

MAGAZINE BOILER No. 25 

I Larger si/c than 

I No 15 Has special 
'* w device to separate 
^ steam from water in- 
suring dry steam, 
, Arco Automatic 
' Regulator for com- 
bustion control 
UiiKiue by-pass 
directly to chimney 
provides <|uick starl- 
ing Ratings:^ Steam 750-21(K) s<i It, 
Water 1200-3300 s<i It. 

.. OIL BURNING 

r “ n 

“ '•I If I Large SI/C automatic 

I I Y' oil burning boiler lor 

\ \i\' large homes, apart- 

I i ,1 rV' ! ments, stores, etc 

, Ratinj^s; Steam 1300- 

I , ' I ' 2400 SCI It, Water 2180- 
3940 sq It at transinis- 
Sion rate 4500 Btu/ 
scjuare foot Any type 
burner can be used with it 


O JP OIL BURNING 

rET! boiler No. 12 

i “ — - 2?^ Medium size auto- 

T ^ matic oil burning boil- 

j |l er Also equipped with 

I built in hot water sys- 

i n tern and low water con- 
* J trol Asbestocel insu- 

lation of the lining to 
I conserve the heat Can 

I I i / be used with rotary or 

P I ' U guntypeburner 

^ Available in four sizes 
Ratings: Steam 510-060 sq ft, Water 
815-1535 sfj ft at transmission rate 4500 
Htu/square loot 

OIL BURNING 
■ BOILERNo.il 

i" Iftl Small size auto- 

,, mat 1 C oil burning 

’ boiler with built in 

' I Taco Water Heatei 

I'i’i, Equipped with 
j Detroit Boiler IVo- 

T ^ lector which slops 

' ' ‘^1 the burner if the 

water level drops 
. I •, JiWf Available in si\ si/es 

Ratings: Steam 
355-755 SCI ft, Water 
570-1205 SCI it at transmission rate 4500 
Btu/sciuare feet 



'I'Rccommcnclcd Load -Ropu sontb att«ulu<l 
livid in hiiii.iio le<*t KDR -indudinK pipinR- 
which may be* plcKiel on Hoile*! in accoitUna* with 
atet‘ptc‘d insUilKitioix sUineLirds toi (»conomi< .il 
opcicition 


'</ • V ' 


BOILERS FOR LARGER INSTALLATIONS 



“Ideal” Water Tube Sectional Boilers— For large buildings and commercial 
installations Sectional constructions permit easy installation. Available in five si/es 
from 23 m to 70 in Ratings: “ Steam 450-15, 0(K) scj ft, Water 720-24,000 sq ft 
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Boilers, Cast-Iron 


AMERICAN RADIATOR C OMPANY 
mvisiom op Amemgmj H apimor & Siajmaiu) .Sanitahy C orporatiom 
40 West 40th Street, New York, N. Y. 

CAST IRON RADIATORS AND ENCLOSURES 



CORTO RADIATOR 

A slender tube radiator 
which IS quick-heating and 
responsive to varying de- 
mands ot comfort Avail- 
able in 7 heights and 5 
widths Factory tcsterl lor 
125 lb hydraulic piessiiic 



CORTO HOSPITAL 
RADIATOR 

Evtreiiiely wide 
spacing between sec- 
tions allows c<isy and 
thorough cleaning 
The tubes aic smooth 
with no dust catching 
edges, no lie rods to 
collect diit 



ARCO 

RADIAl^ORS 

C'onipacl ladialors 
with an output etjiuil 
to old types ol huger 
radiators Av.iilable 
in tw'o widths anil 
three heights with 
2|''2or4‘2ni legs or 
lor suspension h> 
wall brackets. 


PEERLESS WALL RADIATOR 


■ Especially desirable lor 
commercial installations 
Fits into restricted spaces 
of practically any si/e oi 
shape, under windows or 
between them, on walls, 
ceilings or in skylights 
Available m many si^'cs 


ARCO RADIANT CONVECTOR 
C'ombines the 
(unctions ol radi- 
atoi and c'onv tv- 
tor C'oncealcd 
behind an at ti ac- 
tive CMK losurc^ 

Fivv stales ol en- 
cl os in os in an> 
length uj) to (>0 in 
l)c»signc*<l lor 
steam, hot water 
Ol vapoi systems 

AR(X) CONVIXnOR 



C'oiicCiil(*d bc‘- 
hind an alli.K " , , 'ii i . 
t ive enclosure^ ' 'I 
Long, Slice Killy 
designed tins 
h CNL t t li c a 1 1 < 

( h o 1 o u g h I > 

Available m loin ' 

(lilleient widths 

i> m and the length 
1 )> the niiinbei ol si‘i‘l ions 
111 evcT> si/c‘ ol ( Olivet toi 




mnv be vaiietl 
h'nt losuies to 


VENTO VAST IRON RADIALOR 


h'or blasi heating 
and f oiidit loning 
syslems Rust 
piool east iron con- 
struct ion makes 
them ideal loi use 
with washed or 
humid I lied air 
Slrcaiulinetl studs 
giv'c ma\unuin uir 
wipe 



PERFECHTON PIN 



For gravity mdircHt healing with steam 
or hot water Threaded nipple or flange 
and boll connections 
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Boilers, Cast-Iron 


AMERICAN R ADIATOR C OMPANY 

DIVISION ov AMEMCAN T tolATOR A SiajmaM) flANHaSY r OHPOHATION 


40 West 40th Street, New York, N. Y. 


PRODUCTS FOR EVERY HEATING REQUIREMENT 



EXCELSO WATER 
HEATER 

Provides hot water indiiectlj' 
from steam or hot water boilers 
Available with Single, Double, 
Triple and Dual Coils Ca- 
pacities up to 3750 g»il 


SGUTTLE-A-DAY 

A coal burning water 
healer lor small homes, 
stoics, etc In three si/cs 
with capacities ol 75-175 
gal Also The Arco In- 
cinerator which burns 
the garbage with the same 
fire that hc‘als the water Made in 75-1 10 
gal caiiacities 




ARCO WROUGHT 
COPPER PIPE AND 
PmiNCJS 

Pipe and fill mgs e\- 
pand and c out i ac t 
cciiially Ideal lor 
heal ing installat ions 
Prool against leaks by 
vibialion C'oirosion 
resisting, non-porous 
C'omplete line * i to 
‘1 in Also Arco (\ist 
lion Ihpc M j to 12 in 


IDEAL DOME TYPE 
WATER HEATER 

A new cast iron coal burning 
heater Made in seven si/es 
with capacities ol 05-250 gal 
Plant tested to 315 lb pressure 
and guaranteed lor working 
pressure ol 125 lb 



ARCO HIGH TEST 

TANK HEATER 

A water heater 
lor large buildings 
Adapted to complete 
,iulomatic control wnth 
hard or soil ecial, oil or 
gas lland-lircd, will 
liuni Without relucling 
loi eight hours or 
longei C,ii>acities 
Coal 1500-3000 gal, Oil 1520-25! 



20 gal 


ARCOLOY RAN(;E BOILERS 
AND TANKS 



Madeol (he newpalentc'd mi‘lal 
Aiioloy with apptMi«imi‘ and 
conosion resistance ol cojipcu ami 
the strength ol mild steed ( 'iiiaran- 
tc*eil loi IwenlyycMrs under noimal 
walei (omlitions Avail.ible in 
seven si/es 25-100 gal 


CONTROLS AND ACCESSORIES 


Arco Packless 
Valves Never 
leak or iiccmI 
, repacking 
1 For steam, hot 
water, vapor 
or vacuum 
heating systems Five sizes 
from 3^ to 1 34 in. 



Ideal Vari- 
port Valve - 
For steam and 
vacuum sys- 
tems Easily 
acl|ustat)le port 
wnth wide langc 
ol venting rates 
permits balanc'cd healing 



Arco Hun vent 
Designed to veiil 
the mains with ut- 
most speed so that 
the steam Ciin reac h 
the radiators with 
a m 1 a i m u m o I 
1 notional loss 



Arco No. 201 Thermostat 
Balances radiator output against 
room tempeniture to provide an 
even and continuous warmth 
throughout the house New' in 
conception, uneciualled in per- 
formance 



Arco Balancinjl El- 
bows Will balance hot 
water systems by restnct- 
ing the flow with ad inst- 
able bailie With thread- 
ed or sweat connection in 
three si/es Fioni to 
h HI 
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Boilers, Cast-Iron 


Manufacturers of Cast Iron and Welded Steel Boilers, 
Cast Iron Radiators and Heatinjii Accessories 

Irvington-on-Hudson, N. Y. 

Zanesville, Ohio 


Branch Offices 

Boston, Philadelphia, Chicago, 
Queens Village, L I , Long Island 
City, N Y , Baltimore, Springfield, 
Lancaster, Pitisburgh, Zanesville, 
Elizvbeih, Geneva, N Y 



Plants 

Kii/vhmii, N I, I.an<\siik, 
Zani<s\ii I I , OlIKi, (,| Ni-vv, N N 


Burnham Air Conditioning Unit and Radiator Air 
Conditioning Systems 


The Burnham 
Air Conditioner is 
a complete unit for 
Winter condition- 
ing taking the place 
of a radiator, and 
in Summer it can 
be operated to cir- 
culate and cleanse 
the air ot dust diid 
pollen 

It consists ol a 
substantial irame ot 
cast iron and sheet 
steel coinpletcly 
enclosed within a 
good-looking cabi- 
net, finished m burl 
Walnut which will 
harmonize with any ot room decora- 
tion or iurniture 

The cabinet also completely encloses all 
piping and connections to the Unit 
The heating element is of a capacity \ip 
to 80 sq ft E D R and can be used on any 
type of Steam, Vapor or Hot Water 
Heating System 

Has a J'looth np Motor, (juiet in opci- 
ation, and a fan having a caiwcily up to 
350 cu ft of air per minute 
A rheostat to control speed ol motor is 
conveniently located on side ol Unit 
A large spun-glass type of filter, ol the 
throw away kind, is supplied ('oarse 
spun-glass, oil impregnated on under siflc 



tind line* spiiii-nKiss 
on lop, (omplctcly 
liltcusall an passing 
tiuoiigli (lu* Unit 
A I. II go (ojipoi 
luimidiiici ovoi 
vvIiK'h .dl luMtcd <111 
iKisscs <iu(om,iti( ill 
Iv ( out lols <unouiit 
ol luiniiditv t,ikcii 
up 1>\ Hu* .ill As 
iiiiK Ii .IS 12 gal ot 
w.ilci pci d,i\ aic 
c\,i|)oi<itcil li (he 
loom .111 icqmics 
(li.it .iinoinit ('op- 
pci coniiedmg cl- 
iiou loi (uhing to 
w.islc liiu* us llll- 
iiishcd <111(1 <i needle tvpe lt*ed \\<i(ei N.ike 
IS siqiplied h'lo,il \<ilve (mh lie luimslied 
when desiied 

A Therinodusi .iiid switch c.ui be sup- 
I)lic(l, which will iMcweiit oper.ilion ol 
motor unless (emperatine ol hea(ing 
clement is 120 d(*g oi highei. Svvilt'h will 
!>y-pass Thennodise and allow opcralion n 
of Unit in Summer months oi <il any 
tune Ih.it it us desiit*(l (o o|UMate motoi 
Thus Unit letjuires no duct work wh.it- 
cver, It fits light in wnth .i,r<idialoi he.ilmg 
system , , 

Full delailt‘d paitu'iil.Us gt\l’<Mi in 
punted matter. 


Capacity and Size 

Three conditioners are sufficient for a 
7 or 8 room house One each in living 
room, dining room and master bedroom 

Size--23K X 


IS the usual proceduie A<ldi<ional Units 
can be addetl at any lime by simplv 
replacing a nidi.itor 

39>, \ 13»,' 
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Boilers, Cast-Iron 



Irvington-on-Hudson, New York 
Zanesville, Ohio 

There’s a Burnham for Every Purpose 

Catalogs Sent on Request 


1 — Welded Steel Boilers — Also Three 
Purpose Welded Steel Boilers. 
For heating, hot water supply and 
incineration Coal or oil Com- 
pletely welded for 15 lb working pres- 
sure Multiple shaking grates Si/es 
for commercial or domestic uses 
Special folder sent on request 

2 — Water Tube Boilers for Steam and 

Hot Water Heating. 

17, 21, 27, and 36 in Double shaking 
grates and long fire travel Rating to 
9,050 sq ft for steam and 15,085 sq ft 
for water 

3 — Water Tube Boilers Jacketed in 

Color. 

17, 21, and 27 in Steel Jacket and 
4 ply air cell asbestos insulation 
Enameled rich led and black. Jacket 
goes on after all other set up work 
Rating to 4,225 sq ft for steam and 
6,800 sq ft for water 

4— Burnham Oil-Burning Boilers. 

A specific-sized boiler for each specific 
heat job for use with any standard oil 
burner Round Sectional Burnhams 
in 6 series and 24 sizes. Square Burn- 
hams in 5 series and 39 sizes For 
steam, vapor, or water 

5 — Big Twin Sectional Boilers. 

50 in. Grate, divided for easy shak- 
ing. Twin sections, divided down the 
middle Ratings to 19,450 sq ft for 
steam, 31,800 sq ft for water. 

6 — Tube Type Smokeless Boilers. 

For burning soft coal efficiently and 
without smoke Meet smoke ordi- 
nances everywhere Similar to (2) 
above with addition of smokeless 
feature. 

7 — Round Sectional Boilers. 

This boiler made the long fire travel 
famous Handled easily. Very large 
steam dome Ratings up to 1,550 sq 
ft for steam, 2,560 for water 


8 — High Pressure Hot Water Supply 

Boilers. 

Sectional construction Guaranteed to 
120 lb working pressure Supplies up 
to 14,000 gal 

9— Junior Hot Water Supply Boilers. 
Will keep 175 to 700 gal tank always 
full of hot water Guaranteed to 
120 lb working pressure 

10 — Burnham-Taco Tanks. 

Combining water heater and storage 
tank m one unit for summer-winter 
use. Removable copper heating 
element Tanks may be galvanized, 
Everdur or copper. 

11" Burnham Slenderized Radiators. 

Cast non radiators that occupy *10 imt 
cent less space than oidmary type ol 
same rating Shorter I-owcr Nar- 
rower 3-tul>c type 3'^ in wide 
4-tube type 4Ji(, in wide 5-tul)e 
type 5*yio 1“ wide 6- tube type 
O’^’ioin wide Can be recessed 

12— Fero Tube Radiators. 

All heights — 3, 4, 5, 6, and 7 tubes 
13 Burnham Air Conditioning Units. 
Do double duty of both heating and 
winter air conditioning Units placed 
m the room Have no basement 
eciuipment Take uj) no more room 
space than usual grille-enclosed radi- 
ator Entirely automatically con- 
trolled 

14— Burnham Air and Vacuum Valves. 
Full line for radiators, risers and 
mains. 

15— Burnham Radiator Valves. 
Complete line of heating accessories 
Including steel tanks of all kinds 

16 — Burnham Flexible Headers. 

17 — Federal Unit Heaters. 

Complete line m modem designs. 
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Boilers, Cast-Iron 


Crane Co. 

Manufacturers of Valves, Fittings, Fabricated Piping, Steam 
Specialties, Plumbing and Heating Materials 

836 S. Michigan Avenue, Chicago, 111. 

Branches in All Principal (Hlies 

Write for Calalofiit and full information on any mtitenals 


COMPLETE LINE OF RESIDENTIAL AND COMMERCIAL 
BUILDING BOILERS AND HEATING MATERIALS 


Crane boilers arc niatlc in sectional oi 
round cast-iron styles lor hot water, steam, 
\acuum, and vapor heating w'ltli coal, 
coke, gas, and oil 

Crane lurnishes air conditioning units 
and split system cciuiimicnl for all t\pehol 
residential installations 


( lane Kadiahoii iiu liidc^s diiei ( (legless, 
iiatliioom, hospital, wall), (omealed, and 
sliicdded (vpes ol high ellic leiK'v and gi.ue- 
lul design 

Unit lusiteis, liumidilj mg itidi.itois, and 
a coiuplete .issoitmenl of valves, tit tings 
and specialties iomple((‘ the ('laiie heating 
line lot lesidenhal and eommeicial iisi‘ 


Crane 
Deluxe D-1 
Oil Burning 
Boiler 

The “Sus- 
tained Heat" 
Iinnciple of 
design incor- 
porated in 
this boiler 
assuies high 
comb iistion 
efliciency and 
low standby- 
loss Avail- 
able in regu- 
lar and deluxe 



jacket models 


Basmor Gas 
Fired Boiler 

With the 
famous Butter- 
fly Bunsen-type 
burner, this boil- 
er develops high 
efficiency with 
negligible stand- 
by-loss All 
types of gas 
Available in 
both regular and 
deluxe jacket 
models 




Crane Directed Kacliation 

Invisible low-tosi shiehls tliiow heat 
outward into loom, ecjiLdi/iiig tempoia- 
turcs, i>rotecting walls and drapes. 


(^rane C3oal 
Fired Boilers 

50 pei tent moie 
“ceding” suilare, 
eoiitiollefl WMlei 
travel, .ind a stoie 
ol opeiating lefine- 
ments place this 
boiler on a plane of 
highest ellu'ienoy 
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Crane Co. 


Boilers, Cast-Iron 


EVERY TYPE OF VALVE AND FITTING 
FOR HEATING INSTALLATIONS 



Crane Standard Cast Iron Fittings - 
Of dense, uniform metal, with faces accur- 
ately aligned and at exact right angle to 
flow Smooth-cut threads, smoothly faced 
flanges 



Crane Wedge Gate Valve (Left)— A 
brass valve with non-rismg stem, stutfmg 
box gland, and disc guides that prevent 
wear ot seating surtaces Can be [lacked 
while wide open under jiressurc For 
steam working pressures up to 125 lb 

Crane Double Disc Gate Valve {Right) 
— K brass valve with rising stem, parallel 
seats, and wedging device assuring equal 
bearing on all parts of scat Can be packed 
while wide open under [jressure For 
steam working [pressures up to 125 lb 



Crane Welding Fittings- Uniform in 
cross-section and radius, with ends accur- 
ately beveled to fit pipe or tubing Tan- 
gents facilitate welding in line 



Crane Steam Trap-- A cast-iron trap 
of high capacity Simple working parts, 
removable without touching line Kxpels 
condensate in instantaneous action 

Crane No. 512 Gem Union — A 
ground-joint union with brass to iron seat 
No gasket required Seat ring cannot 
loosen Taper threads. Easy to install 
1 50 lb steam 


Crane No. 1168 L. P. 
Pop-Safety Valve -A 
side-outlet valve ot mal- 
leable iron, with brass 
trimmings, for steam 
heating boilers. Sturdy 
rigid base and ample 
clearance lor tools Reg- 
gularly set at 5, 1 0 or 15 
lb , available at 3 to 
25 lb 



Crane No. 984 
Air Vent — An 
automatic vent to 
remove air from 
water mams, hot 
water heating sys- 
tems, tanks Oper- 
ation similar to the 
No. 981 trai) 
Simple, low in price 
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Boilers, Cast-Iron 


National Radiator Corporation 

Gener.il Offices Johnstown, Pa. 

Sales and Service Throuf^h 'lliese Biuncli Oflicos and Warolioiises 

Ilvi IIMOKR HoSION HuM'MO ('lN<INN\l| 

ClI<\IiL\NI> L 1 <H\N()N MllWMlkl'I 

Pim vDLi Pill Pinsimw.ii Ruiimond 


Nil \V \ OKk 
\VvsillN( ION 




National Cast Iron Oil Heating) Boilers 

Available in CMlhcr standaid larkol, oi 
e\len<Iecl' -which provides lear <Mbinel loi 
burner and controls lUiilL-in 'Faco hcatei 
large steam space, watci cMpacity, he.ilim» 
surface, and combustion chainl>ei volimu^ 
Red, black and alunununi finish 

National Premier Vertical Steel Boilers 

For either oil oi stoker firing bXt ended 
Idcket providing Iront cabinet tor buiner, or 
standard Rated under SIIHI (\><le 
Kquip|)cd with built-in Taco coppei coils lor 
domestic hot water Finished m h'leneh 
Grey Quality throughout 

National Gas Boileis 

Beautiful in 
appearance, 
splendidly engi- 
neered French 
grey enamel 
finish chromium 
base and dome 
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National Bonded Jacketed Squaie Boilers 
Red baked-en- 
amel lacket, black 
base and doois. 

Made iii a variety 
of bi/es to meet 
nceils ol cveiy 
modern ho ni o 
Bums any lucl 

National Bonded Novus Sectional l^iilers 
An established 
lavoritc Senes 48 
has divided sec- 
tions, for easy port- 
ability and erect ion 
I-ong fire travel, 
burns any fuel 

National Bonded Imperial Sectional Boilers 
Onginallj^ 
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in a r k e L c cl 
under the 
name ol the 
Utica Imperial 
Sectional 
Boiler Arched 
ribs give large amount ot 
pnme heating surface High- 
ly efficient with any type of 
fuel 


ilMkrSur Snlmn* 
Uonilril Kaiinx 


’'Sir 


.» I| 


I I 

linin' > 11 X 1 , /Kxi 
WO] I 4 iis' WMI 

I 


1 la to H 7 ,li AS 14 aA \1 (It 14 in 


//IXI //IXI IMXI (/IKI 4 MXI 4 /IKI 


(*M.iximiiin 1 1 lit III mliiili) iiiIm luMililiiil I'nli miIIhiwii 
K ithirtii III intl/i II m u Nil 1 ll I > mil liiiMiili iiMii I I,, 


SlIKI 


iStXI .NKI (.UKl|li/(XI 

, ' I 

I •NIX) if/IXI tOIXI IIIXNI 
1 /n 4 / 11 ) M’ ui n/jwi n* 

I I M III .lll|l|Klt 


*SV»p dio Page S?li 
900 



Boilers, CasUlron 


National Radiator Corporation 

HEATING EQUIPMENT 



National Bonded Super-Smokeless Boilers 

^ Have established an enviable reputation in the smokeless boiler field 
Efficiently burn low 
grades ol iuel Noted 
tor long, lotative fire 
travel 


linbr Sur Sm tioni 
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National Bonded Low Water Line Boilers 

Will solve the head-room ptoblem, in tide-water country, in theatre 
work, and everywhcie wheie head-room is limited Also available in 
smokeless type 
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National Premier Steel Boilers 

Commercial bciies 19 si/es, lour types- -Oil, or gas, stoker, diiect 
hand fired, smokeless hand fired Residential scricfa 11 si/cs, tluee 
types Oil or gas, stoker, and direct dralt hand fired Welded con- 
struction, ASM K Code; 15 lbs W P 


NumlMf nf lltiilrr 
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Boilers, Cast-Iron 


National Radiator Corporation 

HEATING EQUIPMENT 



National Aero Cast 
Iron Convectors 

Proven dependability 
anil permanence Made 
III eight types ior recesses 
3^4 m , in , 5Jh m , 
S in and 0}^ in deep 
Any length in multiples ol 
2 in Fins cast integral 
with tiibes Deliver large 
volume ol moderately 
w aimed air 



Tytn *‘RE” ivilh MoidJtnq 


National Aero 
Enclosures 

Enclosureb with liners 
and remo\abIc Ironts 
malic lor tree standing, 
partial, or complete, con- 
ceal menl [Master Iront 
type also available Front 
panels only, without liners, 
arc made (or complete con- 
cealment ol conv'cctors 



National Art 
Radiators 

A small ladial or ollci mg 
truly artistic design Not 
an adaptation (loin older 
types M«i<le in t hi chi 
widths 3, 1 and 5 tube, in 
heights liom P) in to 
20 in Asseml)lc*(l m multi- 
ples ol 1*2 HI ^ ‘in be 
liunished legk'ss Maybe 
used exposed oi iix essed 


‘ nr 

'' , ' 
I' ' 

III 




National Aero 
Wall Radiators 

Used in factories, store- 
houses, garages, halls, etc 
Offers maximum heat in 
restricted space — leaves 
all floor space clear Can 
be assembled to fit avail- 
able wall areas Made m 
2 sizes- 7 and fl sii ft --in 
each ol two types Bars 
run short way of section 
in 7-A and 9- A, long way 
in 7-B and 9-B Units 
may be grouped as re- 
<iuired 



National Aero Tube 
Radiators 

Made m three, lour 
(illustiateci), five, six and 
seven-tube styles, in vaiy- 
ing heights Assembled 
with cast-iron pusli- 
nipplcs - proven protec- 
tion against leaks - in any 
desired length Aero 
Radiators can be com- 
bined in any projiortion 
with Acio C\)n vectors 



National 
Unit Heaters 

h'urnished in IfidilleiCMil 
si/es lor celling, wall oi 
lloor mounting Sliong 
cotiper tubc‘s lused to steel 
headers, copper (ms im- 
bedded 111 tubing, texsted 
for 2(K) 11) woiking pi(‘s 
sure M <i V 1 le opera! ei 1 .is 
recirculating Ians lor sum- 
mer cooling Black <ind 
aluminum limsh 


Ask the nearest branch for (oniplete tediUHal infonmilwu on Natwnid Radutlon and 
Umt Heaters 
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Boilers, Cast-Iron 


Weil-McLain Company 

Manufacturing Division Michigan City, Ind. and Erie, Pa. 

General Offices 641 W. Lake Street, Chicago 
NEW YORK OFFICES 501 Fifth Avenue 

Prompt Woil-McLain Boiler and Radiator aemce is made convemently available through local stocks earned by Weil-McLain 
Distnbutora m most of the unportant distnbutmg centers 



Wea-MfLain 

BOIL E R S 

Weil-McLain Boilers are made in various types and 
in a wide range of sizes to satisfy every heating need 
and demand The conventional line includes the 
Round, Jacketed, Square, Sell-Feed and Smokeless 
types Illustrated at left is the new No 78 series 
De luxe Model Weil-McLam Boiler built especially to 
meet the requirements of automatic heating with oil, 
gas or stoker Equipped with built-in year around 
domestic hot water heater Thoroughly insulated 
Supplied with standard or extended lacket All 
openings for attaching automat ic cont rols conven lent ly 
grouped at rear ot boiler 


Concealed 

Type 




Ktiuifijmi with Ml in/Aout Fiutli/us 
/oi llimxdifuinq 


T^jojfjdUcudb 

Weil-McLam Raydiant Radi- 
ators supply a scientific blend ol 
siin-like radiant warmth and 
convected heat Made entirely 
ol cast iron and with full "live” 
Iront, they retain heat longer to 
increase the comfort ot automatic 
(on-and-off) heating They make 
balanced heating easy m same 
mst.dlation with conventional 
r«idiators 

Weil-McLain Cameo Tube 
Ra< haters are made in Senior, 
Jiinioi and Wall Type 


Cabinet 

Type 



Equipped with or mtlmd Fouditipe 
Jor Ilatnidifyina 


Weil-Mfliain 

CONDITIONERS 

Wt*iI-McLain (Conditioners are designed to m- 
<lei)endently supplement radiator heat with these 
lunclioiis ol air conditioning huiiii<lificalion, air 
t leaning, air circulation, ventilation and air 
tempering 

The Wcil-McLain Goiiilitioner is an assembly of 
three (list met units, c«ich leaclily removable These 
units are a blower assembly, a tempering and 
luimidilying assembly and filters All aie housed 
m a sturdily iramed lacketed enclosure 

W-8(>-l Conditioner designed lor smaller homes, 
W-3f)-2 lor larger installations 



Condtlioner 



IV-SO-3 Conditioner 
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Boilers, Cast-Iron 


Spencer Heater Company 


Williamsport, Pa. 


New York, N Y 
Philadelphia, Pa 
Baltimore, Md 


Branch Offices and Representatives 

Boston, Mass Albany, N Y 

Springfield, Mass Binghamton, N Y 

Washington, D C Buffalo, N Y 


SYRACirSF, N Y 
Aileniown. l»v 
Scran I ON, Pa 


Spencer Automatic Magazine Feed Heaters are made in cast-iron sectional types for 
steam, vapor and hot water heating Also m steel tubular types for larger buildings 
There are sizes and capacities to provide economical and convenient heat-- safe and sure 
— for every type of building 

Spencer is the original magazine feed heater with a record ol more than ,S<S years' 
successful operation They are sold and installed by all good heating contractors 



Why Spencer Heaters perform so satis- 
factorily can best be explained by a brict 
inspection of their design and construction 
The Spencer principle— as illustrated in 
the cross sectional view — is simple 

Once a day fuel is put into the magazine 
(A) It fills the sloping grate to the level 
of the magazine mouth (II) The fire bed 
always stays at (C) for as fast as fuel burns 
to ash (Dj it shrinks and settles on the 
sloping grate (E) and more fuel feeds down 
automatically over the top ot the fire bed 
Fuel feed is by gravity alone, in just the 
right amount to keep the fire always 
burning at its most elficient combustion 
point 

This explains why a Spencer Heater 
always gives the same unitonn satisfying 
heat, and burns low cost coal economically 
These exclusive Spencer advantages are 
available in all types, J and L senes, cast- 
iron sectional, burning low cost No 1 
Buckwheat, the C-N senes for larger 


fuels, or the steel maga/ine feed heaters, 
also for No 1 Buckwheat. 

Coal - Coke - Gas - Oil Spencer J and 
L series cast-iron and steel tubular heaters 
are primarily designed to burn low cost 
No 1 Buckwheat anthracite and the ("-N 
series Nut or Pea anthracite or coke 
If at any time a home owner desires to 
burn more expensive fuels - oil or g.is — 
a Spencer Heater w^ll show an offiiieiuy 
that IS unsurpassed 

Thermostats A Mmneaiioiis A(i<i 
therm thermostat and elect ru damper 
motor aie furnished as optional eijuipinenl 
Jacketed Coverinji Attractive metal- 
lic lackets, as illiistrate<l are available lor 
Spencer Cast - 1 ron 1 1 eat ci s 



♦The SspiMuer Heater OtiuiMny Kuaiaiilvc's that 
wlien installation if inado m ,u'<‘ordanrc with 
.ucepLod aUndards, the heater will cany the 
number of teet of dirct t cd8t-in>n i olumn raduition 
hbted This allows .imple provision tor heat Io«b in 
tovered mams, risers and returns, and lor peak 
loadb 
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spencer Heater Company 


Boilers, Steel Tubular 


SPENCER STEEL TUBULAR 
MAGAZINE FEED BOILERS 

For lai^er buildings we recommend 
Spencer Steel Tubular Boilers, also of the 
magazine feed type, burning low cost No 1 
Buckwheat anthracite or coke 
In the cross-section diagram illustrated 
here, part of the fire bed is cut avvay to 
show the sloping grates and the two maga- 
zines filled with fresh coal, ready to feed 
down automatically of its own weight to 
the fire These boilers are built in two 
vertical sections for ease m handling and 
installation — a great advantage on re- 
modeling or replacement jobs, eliminating 
necessity of costly tearing out of walls, etc 
Combination water tube and fire tube 
construction Built toA S M E standards 



Sizes and Guaranteed Capacities 



STEAM 


No 

*Cudranteed Direct 
Cast-Iron Column 
Radiation Loads, 

Sq Ft 

tEDR 

Rating 

M6^ 

2300 

2875 

M6-7 

2600 

3250 

M6.8 

2900 

3625 

M6.9 

3200 

4000 

M6-10 

3500 

4375 

M7^ ' 

4000 

5000 

M7-7 

4700 

5875 

M7-8 

5400 

6750 

M7-9 

6100 

7625 

M7-I0 

6800 

8500 

"" Msi 

8000 

10000 

M8-7 

9750 

12185 

M8-8 

11500 

14370 

M8.9 

13250 

16555 

M8-I0 

15000 

18740 


tE D R ratings represent the attached net 
radiation load plus piping losses expressed in 
square feet of equivalent direct radiation (240 B t u 
steam, 150 B t u water) wluch may be placed on 
heater in accordance with accepted standaids for 
economic al operation 


SPENCER STEEL BOILERS, 
FOR OIL, STOKER OR GAS 

For more than 
38 years Spencer 
has been building 
efficient, econo- 
mical and depend- 
able coal burning 
boilers With this 
background of ex- 
perience, Spencer 
engineers have 
developed the 
Spencer Steel 
Boiler, for oil, gas 
or stoker 
The high sus- 
tained efficiency of these boilers means 
adequate heat for low fuel cost Design is 
of the three-pass type Combustion 
chamber is amply large Built of open 
hearth steel boiler plate and electrunite 
tubes — a quality product for dependable 
service 

Furnished with Taco indirect domestic 
water heating coils either of the storage 
tank or instantaneous type 


Sizes and Guaranteed Capacities 

CAST-IRON SECTIONAL TYPE 


No 

STEAM 

WATER 

*Guaranteed 
Direct Cast 
Iron Column 
Radiation 
Loads, Sq Ft 

tEDR 

Rating 

*Guaranteed 
Direct Cast 
Iron Column 
Radiation 
Loads, Sq Ft 

tEDR 

Rating 

J-3 

175 

220 

290 

360 

J-4 

265 

330 

440 

550 


355 

440 

590 

740 

i L.105 

390 

490 

645 

800 

g L-106 

510 

640 

845 

1050 

g L-107 

630 

790 

1045 

1300 

m L-205 

550 

690 

910 

1140 

- L-206 

725 

910 

1200 

1500 

b L.207 

900 

1130 

1490 

1860 

S L.208 

1075 

1350 

1780 

2220 

X L-209 

1250 

1570 

2070 

2580 

S L-305 

1150 

1430 

1900 

2375 

3 L.306 

1500 

1870 

2475 

3095 

L.307 

1850 

2310 

3050 

3815 

pa L.308 

2200 

2750 

3625 

4535 

L-309 

2550 

3190 

4200 

5255 

L-310 

2900 

3630 

4775 

5975 

L.311 

3250 

4070 

5350 

6695 

CN-502 

280 

350 

460 

575 

Hch CN-502'/2 

360 

450 

590 

735 

52 CN.503 

440 

550 

725 

905 

2 a CN-5K3 

520 

650 

860 

1070 

E2 CN-504 

600 

750 

995 

1235 

Sg CN-5K4 

680 

850 

1130 

1400 

Sg CN-505 

760 

950 

1265 

1565 

O* CN-5K5 

840 

1050 

1400 

1730 

CN-506 

920 

1150 

1535 

1895 
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Boilers, Cast-Iron 


UmTED S tates Radiator ^rporation 

General Oihces Detroit, Michigan • Branches and Sales OHiccb m Principol Cities 

Detroit, Michigan 



Illustrated above is the US-25 Boiler for 
horizontally fired oil burners The high 
efficiencies of this boiler are due to a 
method of heat absorption through new 
type extended rib heating surfaces The 
boiler IS of the wet base construction which 
absorbs heat that would ordinarily be lost 
through the floor Year 'round domestic 
hot water is provided Construction is ol 
cast iron A heavy jacket and a thick 
blanket of rock wool completely insulate 
the boiler 



CAPITOL FIN(3AS T CONVECTORS 

Made cntircl> ol cast non 
Made without loinis 
Cast m one piece 
Many lengths and widths 
Tappings, top, bottom «in<l ends 
Complete choice ol enclosuies 


THE CAPO Ol. AIR CONDmONER 


CAPITOL RADIATORS 

Capitol Radia- 
tors give warmth 
where you want it 
and when you want 
it lloincb heated 
with Capitol Radia- 
tors are comfor- 
table, clean and 
healthful 
C'apilol Radia- 
tors have the added 
advantage of as 
scnibly with extra 
heavy malleable 
iron push nipples, 
machined with hair- 
breadth precision, 
to form a t ight , 
irori-to-iron loinl 
They need no gas- 
kets, have no threads to rust, are taken 
apart and assembler! with thegieatest ease 



P'ot list in tesuinuts and small lntildnt}>s 


Flexibility to meet the imliv'idu.il le 
(luiremcnts ol the building is the keynoti* 
of rlesign lu the Air ('omlitioiiei 'riu* 
owner iii.iy have a completidy air (‘on 
ditioned building, he may have «i paitiallv 
air tondilioncd building with modem 
steam or hot watei heating m l(‘ss lie 
()uentcd rooms lie iiKiy h.ive a system 
that conditions the an m wintei with a 
ceitain amount ol (‘ooliiig eile(‘l duiiiig tin* 
summer, due to ciicuhilion of an by a big 
(luiet Ian 
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Boilers, Cast-Iron 


United States Radiator ^rporation 

Goncral Ofhcos Detroit. Michigon • Branches and Sales Olhees m Principal Cities 

Detroit, Michigan 



CAm OI. SQUARE BOILERS 
FOR ALL FUELS 

*il)<>vo IS a <\ipit()l Red 'Pop 
Si*iK‘s Roi1(m 'I'h(\sc scdioiul, (asl 

noil, all iuol I)()ileih( an Ik* (iiinisiKHl (Mliici 
liU k(*(c*(l or nn)«irlvc*lt‘(l Sod ions aie con- 
nodod \mIIi pronsion iiiado slip nipples in 
a<<iiiit(elv in<i< limed ])oi(s «in<l (he in- 
di\ idn.il stMlions aie uioiind (o peitnil an 
non (o non i»asln»li( asseniblv 'Pho 
laij^e, sinooili llneways aie designed with 
ou( slniip Inins letlnein^ liidion 
pel mil linn nnu'sliided ^as lia\(‘l h'or 
easy < Umdiiiu, .ill llueu.iys aie Inlly aties 
Slide (hioiii;h the laii^e iiont ('lean out 
doois ('onliolletl mieinal watei <'iu n 
l.ition iind laiL>(‘ nippl(* pods insuie (oin- 
pl(‘l(‘ st‘paiation ol watet and steam All 
(\ipilol Red 'Pot) Hoileis aie lusivily m 
sula((*d against IkmI loss hy a thu k blanket 
ol loek wool, lemloieed with wne mtsh to 
pi event slipping oi sagging 1'o piovide 
e\( 1 a setting 
height Ol desiK'd 
additional iut 
n ii e e v o I u m e 
wluMi us<m 1 with 
a n t o III .1 t 1 ( 
stokiMs, Red 
'I'op Roileis ( an 
be I ui n ished 
with e'cti.i high 
steel bas(‘s (il 
liis(iatt‘d below ) 
whuh elmim.ite 
the necessity loi 
])itt mg Ol build 
mg a biuk oi 
( OIK i<‘l(‘ base 



CAPITOI. RED 
CAP BOILERS 

C'oireilly de 
signed flue passages 
lone the hot gases 
to cm ulale through 
eveiy set tion 'Phe 
dc'ei) lirepot pio- 
V ides the c \ t ra 
space needed loi .i 
long firing peiiod 
<111(1 good combus- 
tion The fiiepot 
walls <i s s u r e ti 
smooth, cle<in siir 
lat'e loi he<it .ib- 
soiption AstKond 
ary air vent in th(‘ 

(lie dooi (<uries the an down between the 
dooi and (he hot b.dll(‘ jil.ile where it is 
distiibiited ovei the suihu'e ol the tire 
lletc the hot ()\>gi*n nii\(‘s wnth the 
volatile gas(S aiding (oinplt^te and smoke 


'' pacii'k: 

S'lEEI, 

DOILEKS 


Ic‘ss (onibuslion 




'Pius P<i( i(i( Oil Ibiinmg St(‘el I{(>iUm is 
(d the S(ot(’h M*iime type with its ('oin 
bust ion < hamlx'i i mining (h(dnli length ol 
the boilei 'Pliiis (he piodnds ol ('oni 
bust ion must ti.ivid (hiee (iiih's the (miIik* 
length ol the boilei 'Phe lombustion 
('luimlun IS <implv huge to pcnnnt (oin 
plete ('oinbiislion btdoii' g.is(‘s entei the 
ttilxN It IS sh<ip(xl ,nid piopoitioiK'd toi 
hoii/oiitid oil in mg 'Plu* In mg /one is 
(ompletely suiioiukUmI by w«tlei ba( ked 
surl,uc‘s (ontnbntmg to gieatei 

ellieieiK \ 'Phe P.iciIk is built w it h ( hiei‘ 
iiK h (iib(‘s, 1i(((mI with lliK* g«is delliK tois to 
(leate (h(‘ ii(*((‘ss<uy ImbiilinKe so (h.it 
ni.i\iimim extuK'tion oi liiMt is (dieet(*d 
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Boilers, Steel 


THE BABCOCK 8c WILCOX COMPANY 


New York, N. Y. 

Manufacturers of 

(Uiain-(riate SioktMS 
Seamless Steel 'rul>in}% and Pipe 

Representatives in all Pnimpal Ciiies 



85 Liberty Street, 


Water-Tube Boilers 
Oil Burners 

Branch Offices and 

Type H Stirling Boiler 

The Babcock & Wilcox Type II Stirhnij 
Boiler is a highly efficient unit built for 
moderate pressures at model ate prices 
and IS designed to occupy niimniuin lloor 
space and head room for the healing sur- 
face required 

This boiler is built in foiii classes and 
sizes ranging Iroin 001 to ‘1980 sci it ol 
heating surface, and can be designed lor 
operation with any fuel and every method 
of firing 

The moderate price is due only to the 
simplicity of design, cllicieiit production 
methods and superior shop ccpiipmcnt 
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Tvix li Slitlina Hoiln with Hahimk tC If t/ror 
(%wtAh(tif Shkti 

The JidvaiK ages ol the B.ilictK'lv <I<! WiUov 
Type II Stilling Hoilci may lu* siim- 
niatizcd dh iollows 

Unusutil steaiuuig ra|).UMt\ ioi the 
floor snare and head looin K^piiK'd 
Boileibina\ beset singly oi in batten 
Setting heights (,ui be vaiied to suit 
an\ comlilion oi iiiing 

The choice ol tiuee local ions loi gas 
exit icdiices tost ol Ilia's .ind Ineeilnng 
Disliibulion bailies make ellecine all 
of the heating smiace 

Tube tcncwal is lacdi(,i(ed by coned 
tube spacing, and a lube leinoxal dooi 
Soot blo^^elS( an bcieadily InstalUsI to 
siniphly 1 borough cleaning oi «ill tubes 
A SLipcihcMtei can be liiinished with 
out am change in the standard <lesign 
or construction 

The boiler is siippoi 1 ed 1 »y a st i net m *il - 
steel framework on fuel y in<Iepeiidenl of 
the brickwork 

Ample provision is made for bee 
movement of paits due to exiiansion and 
contraction, 

Aiomplete talileol si/esand dimensions, 
togctliei \m(Ii peitinent install.it ion d.it.i, 
IS contained in <i new bulletin wliuli will 
be sent upon ie(|iiest Siiiiplv .isk lot 
Bulletin 




Boilers, Steel 


The Bigelow Company 

ICbTABLISIIBD I860 

Hos. ION, Mass Main Office and Works Piiilauli imii v, I*\ 

1)1 IRON, Midi New Haven, Connecticut syrmusi*. n \ 

Ni w York, N \ I oi mm), Ohio 

Manufacturers of Bigelow- Hornsby Water Tube Boilers, Bigelow Low Head 
Water 'Fube Boilers, Bigelow Three Drum Veitical Water Tube Boilers, Bigelow 
Horizontal Return Tubular Boilers, Bigelow Electric Steam Generators, Bige- 
low Scotch Type Boilers, Bigelow Two-Pass Boilers, Bigelow Manning Boilers, 
Bigelow Upright Boilers. 



7'h'o f}0 hp lUytitm I «•«>-/’</ ss hoihts usal jt>f htatinn the nrw ll< mr Offm HutlUtnfi of I ht Hartford 
Stiram lUnltr ! HAtriiton ami Insufoarr ( o , tin lafftst insurer uj sham boihts in the tinihd States 


Suue ISIU) it has been the cn(led\or ol The Bigelow Company to ment a lepnlalion for 
constructing boiicr^ o( a liigli staiuianl of design, 
woikmanship and material We are proml ol the 
conhdence shown m us by the use of Bigelow boileis 
in this building 

The Bigelow Two- Pass Boiler is designed t« meet 
heating and power reiiuiiements, espwially wheie 
space limitations picvail II contaiiih the rccogni/ed 
features ol the well-known II K 'F boiler, but iluc (o 
the small amount of biickwoik leipiiied it can be in- 
stalled at a lower complete cost 'Fhe ebnunation ol 
sfiecial brick shaiws and staybolts m the fuimue 
re<Iuces the cost of maintenance to a immmum Built 
in units liom lifi to 2.50 Up lot powiM seivice, and the 
1.5 Ib heating class m units iioin 2.500 to 2.5000 s(} it 
ol steam radiation 




BfGEI.OW SCOTCH FYPE BOILER 
Mo<lele<l allei the Scotch Marine type of 
boiler, thus lioilcr Iuls manv a«lvantages to 
wauant its ust' in the imlnslihil liehl lor 
povvei and heating Sell <'onl .lined ('oin- 
pact la>v\ water-line Built m units liom 1.5 
to .200 hp The 1.5 lb \M‘lded heating tyf)e 
built m units liom ISOO to 2.5000 s<| It ol 
steam ladiation 
015 




Ballets, Steel 


Combustion Engineering Company, Inc. 


All Types Fire and Water-Tube 
Boilers 

Complete Steam Generating Units 



Mechanical Stokeis 
l*iilveii/ed Fuel S\ stems 


200 Madison Avciuk', New York, N. V. 

Canadian Ahsociato ( omhusiion !• Nt.iNi i<kin<. ( oup , I in, Momki vi 


CE-SKELLY STOKER UNi r 



/V;< C I'^Sktllv \loktt t\ <l( l<n instatlattnH innlo 
Hii/iinn! Jumt small hatliuii untls la (uHiUt 
boilfis dtvtlot^nm t<lf la \(HI ht> 


Sumnuity of Featiues 
A Selt-Contained Unit Iloppei, luel 
leeding and (hstnbuling niec hanisiu, mate, 
windbox, diiMiig niedumisiii and loiced 
diait tan aic coiubinod iii a conipiut unil 
Hopper Made ol rust- tind <<Hi<»sion 
lesistinj* mot«d Non-cl<)|>i»ing and easilv 
removable Dots not nitcileie with access 
to Inmate doors laKatod n( (onveiuent 
lieujfht lor (illin}> with sliovel 
(k)al Feed Strew convcyoi, lot.HtsI 
enliicly outside ol retort and piotecteil 
Irom heat, advaiues the toal lioin lioppei 
to entiance oi retoit Kinpioiatine tarn 
in retoit continues the leedmg and pio\ ules 
agitation ot the luel bed in tlieietoil /one 
Grate Surface Alleinate fixed and 
iiioMiig grate liars Designed loi coiitrt 
an distribution aii<l made ol a special heat- 
losisting niel«il ,issuiing low' niamteiiance 
Air Supply Integial loited diaft Ian, 
with inlet damper ( out rol, supplies an to 
wiiidbox under the stoker X'oluine ol air 
may be legulateil by control to suit the 
rate ol coal buinmg 

(Control Automatic conliol iuinished 
as standard etjuipment 
Application I’oi new boileis oi lor 
existing boileis having obsolete oi in- 
cllicicnt firing crtuipinent Small t Icar.inces 
Iierniit installation with only slight altei- 
at ions in most c.ises 
Operation Simple, easy, doi>eiidabIe 
\ ariable-specd transmission permits 10 
rates of coal feed ('out rol levers (on- 
vcniently located 

WritQ for New 24^page Catalog Nq SU-SC 


OTIIKR CM S'FOKKRS 

Nixnb I 1, ()()() ( h siokeis msi ill<*d to 
(Kite riu‘ ('I'. liiK' ol laii'ci slolviMs m 
(Iiid(‘s (Ih‘ lollowmg, ol wIikIi Dpi* h., 
( o\(' .ind .lie aiiioiig the lixidi'is in 

then icsp(‘( li\t* lu'lds 

Typo K Stokei A smgU* ii'toit iiinlin 
ieed slokei loi biiinmg bit iiiiiiiioiis loals 
mulei boileis III the iippci si/c i .ine.o ot (he 
('1C Skellv Stokei Unit 
Typo 1C Stokei \ single leloit imdei 
Uhh] stokiT loi biitiiiiig bilnmmoiis (*oal 
iiiidei boileis up (o about (>()l) lated lip 
CIC Multiple Retoit Stokei hoi 
biiiniiig st'im bitiiminous and bit iimtiioiis 
loals iindi'i boih'is up to (lie laigivd si/es 
(k>\e Stoker A tiaxeling giate slokei 
loi buiniMg small si/es oi .intliiai il< , eoke 
biee/e and ligmlix 

(Jlreen Stokeia A iliam giale siokm 
available m both iMdiial tiiid loKi^d di.iH 
types lot biiiiimg noiiiakiiig oi iiee 
biiimng biliimmous coals 

CK ik)ili:RvS 

All hictuIxMiid watci I iilie I vpes m si/es 
laiigmg (lom 25 li|) up to the l.ngesi In 
eluded .ue all d<‘sigus loi iiieily known by 
the (lade names “lIiMiie, ” "Walsh ^ 
VVeidiiei " "(\isev IIe<lg(‘s” ami "I add." 

( l.issilied bio.idlx, (he \aiioie> Ivpes ol 
('1C Hoileis aie as lollows, I rUHlx 

multi diiini, lom diiim, llnee diiiui, 
(wodinm (eompleii* steam geiUMalois i. 
wSTKAKJirr 'rUlUC sei'tioual headi'i , 
box heailei (moss dinm .iiid long dium) 
STIC AM ('.ICNICKA'I'ORS (omiilele 
st«uidai<li/ed mills availabh' m two ixpes. 
I'lKIC 'rUblC hit, verllial, inl<‘in.dl\ 
hied, locomolixe type M.ARIMC 
seclioii.d lie.ider, bent (iibi* WAS'PiC 
IIICAT sliaighi lube, ben I lube 

CE PULVERIZED FUEL SYSTEMS 

Formerly known by the liatle name 
"Lojiuko," iivaikdile in both diit'il fiied 
and storage types lot boilers languig bom 
200 lip uf) The ('IC-kavniond Howl Mill, 
a pulveii/ei ol <idv,inced di'sign, iii.ix In* 
Used m ei(hc‘r diieel Ined oi sloiagi^ 
installations 

UMl, 
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Boilers, 5^^ce/ 


Farrar & Trefts 

Incorporated 

Buffalo, N. Y. 


IIK/VriN(; AND POWKR BOILKRS 
Itison (lonipacl Koilors 
Itiaonettc (k)mpact Kolleis 
Firebox Return 'I ubular Boilers 
Firebox Locomotive 'I’ype Boilers 
Scotch Marine 'I vpe Boilers 
Veit leal Boilers 

Horizontal Return 'I'libular Boileis 
Bison Two-Pass Return 'tubular 
Boilers 



Established lK(i4 


sSTEEL PLATE CJONSTRIHH ION 
Storafic and Pressure Tanks 
Receivers, Welded or Riveted 
Steel Pipe, Welded or Riveted 
Buoys, Welded or Riveted 
Clondensers and Kettles 
Smokestacks and Breechiiifls 
Special Work In Stainless Steel, 
Everdui, Nickel, Aluminum 
or Monel Metal 


'I'hc F&'r Bison Compact Welded Ileatinji Boiler is mote 
llhin just another lioiler It has liccii dcsinned (aielnlly vSo as to 
liave a lan»t* I innate volume, the pioiier volniue ol watei, |iibt 
thcMij>ht amount ol steam Iiheratmg siiilace, the toned volume 
Itir steam storage and a balanced ciicnlation The result is a 
ieni<ii k.ibly steady watci line A Balanced Boiler. 

Tins lioilet ie(|uiies a miniinum amount ol floor s|).ue .ind is 
(Msy and inexpensive to install It is reasonable as to fust cost 
.ind eiononiual in opeiation Constuietion is in 4iccoi(KuK'e 
with the A .S A! E ('ode loi 15 Ib working picssuic and boilcis 
aie desinned lor hand fn ini’ with mtluatite oi bituminous coal 
Ol lor meeh.iniuil firinu with oil, i»«is or stoker Theic <iic 
ViUioiis hi/es availal)lc Iroin ISOO to »S5, ()()() S(|. ft ol steam 
tadiaLion, all nitmus .is leijuned l)y the .SVre/ ffeaiiiit' Boiler InstitutG 

The Bisonette (k>mpact Boiler has the same ( harm lenstics as the Lu|»er Ibson 
('omp<id Hoilei It has been desii>ned lor installation in larf^o rcsidenees and small 
biisniess establishments wheie the advantaj*es inheient in a Steel boiler aie desued 

Firebox Return 'I'libular ileatiii}^ Boilers are 
Quality Boilers. 'I'hi’y «iie eonstnidcil to measure up 
to the hij;li stamlaids set by Heat mu lCn}*meers and will 
give unl«iilmg seiviee under all (oiiditions Beimj: 
eeonomieal to install and opeiate, they aie highly 
iavoied by Aieluteets and ICngmeeis ioi heating 
Sc hools, I lospitals, etc* 

Tlu’ie .lie (wo types ol I'liebox BoiUms, the Up-I)ialt 
Type and (he 1 hiw-n Dialt Type Hotli types aie made 
ol wc’ldcsl Ol ri\e(i*d eonsLiiidion loi luMtmg puiimsc’s 
at 15 11). woikmg pii‘ssin<‘ and ol iivcdcsl c'onstiuc'tion 
tor powei piiiposc's at 100, 125 ami 150 1b woikmg ifxidmx iMwrnTMiu Mr 
piessiiie 111 .ucoidani'c with the A S At E ('ode .Si/es 

liom IStKI to o5, 000 SCI it ol stiMiii ladi.ition, as laUsl hy ihci Steel Ileatinf^ Boiler hisUtute, 
me di‘signe<l loi hand fliing with roal oi foi mex hame.d flung with oil, g.isor stokei. 

'Phe Bison Two- Pass Return Tubular Relraotory 
Lined Boiler is favoicd by many ICngmcers heeau.w it 
Eliminates Water Lefts, Flat Sides and Staybolts. 'Phis 
boiler is dependable for long years of eontiniious and eco- 
nomical opeiation. It stands uj) under heavy lo.i<ls and 
provides that surplus ol (lower so olten needed. 

This type ol botlct is made ol welded const met ion tor 
15 lb working picssurc and ol iivetod eonstnietion ioi 100, 
125 and 150 lb working piessiiie in aecoi dance witli tlie 
M E ("ode Boilers aic designe^d tor i.itiiigs liom 25 to 
250 hp. and arc inspected, te.sted, and stamped l)y .i ic|)*e- 
scntativc ol a icliablc insur.inec company beloie shipment. 
They are tuinishcil lor haml luuig with coal orformeclmnic.il filing with oil, gas, or stoker. 
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Boilers, Steel 


Vitz^ibbons Boiler Company Jnc. 

CiciummI ()rri((‘s Arc liilo( Is , 101 \\\ik Axcmiuc* 

New York, N. Y. 

Works OSWI'C.l) N \ 

Branches and RepresiMiiallves in IMiulpal Clllcs 

PRODUCTS STEEL HEATINC; and POWER ROILERS I’viX's iot all liuds 
and all heating vsystems. Sixes to meet heating leqiiliements ol all buildings. 
Built and rated in accoidance with SUB I (lode BOILER- \IR CON- 
DITIONERS lor residences of all sizes 

FITZGIBBONS BOILKR-AIR CONDITIONKR 

Eoi Small and Medium Size Homes 
Outstanding Kealuies 

Pi()\ i(ies ( 1 1 ( Ihiiiii(Ii1i(‘(I ((‘iiiiieictl, (in iil.ileil 
i\lk,(l^^^eaI 'lound <loiiU‘si K IIOI'W \ I'l' R. il I kmiI 
a stoiaue tank, (li) lu onoinu .il hoilei III' XT all 
m a tonifuut mul no nioie linoi sp.n« 

lli.in .in oidin.iiN luMlnn.* IioiIim ()|UM.it(*s with am 
HO(mI nil liiunei , uas Inn nc‘i oi stokin I In* i«l<‘ d “Sphi 
SxslcMn” unit HttUvhit on huiui'sl 

FnZ(;iBB()NSAIRIC 

Koi Laiger Biiilding% 

A lloni unit winch <onil)UM*s with I* it /cihlmii . Sicnl 
lioiUns loi oil, 15a s Ol slolas liiiiu', to piovidc the ..mie 
t III (S‘ SCI Ml (‘s as I he Ihnhs \ii Coinlil loinn d<‘.(iilM'd 
4iho\e HuUettn on infnt \/ 

FITZGIBBONS OIL-EIGIITY AUTOMATIC 

Residence Steel Boiler lor Oil Binning 
Kalin As, Scc'am 12 Si/os liS to 2<>S0 S(| Kl 
Outstanding Feat in es 

InleiiKil doiiiesl le hot w'atei .supply i oils (opt lon.d ) 

Tanksaver supplies yiMr-’ roil ml hot watis without 
a storage tank, Tankheatei, an ellunent indiie(*i 
water heater lor lank install.il ions (]onihustiol, 
automat u «illv maintains halaiu imI dial! , di\ ei Is h.u'k 
dralls, jnexents hack firing 'Fhermalizei, makes 
every tube do its lull sh.iie ol heat ahsoihing 
Copper-Steel Construction plate and tubes 
(omhmes nia\muim strength with c'oiiosion lesisl 
an<e Attractively Jacketed, 'learns u{i with any 
good rotary oi gun type Imiiiei* (o loiin «i unit ot 
Highest Eflficiency. Burneis nuiv he localcsl en- 
tirely inside lacket behind huge, e.isily leinovabh* 
panels. Catalog on rryitiwl 

FITZGIBBONS GAS-EICHTY AUTOMATIC f'oi ellieieni , low losl healing with 
any good gas burner llaslhesameoutslamhng teat mesas the OIL hdt'.ll \'\ desi iibed 
al)ove including the optional mternal doiueslie hot walei su|>plv eoils 
FITZGIBBONS COAI^-EIGIITY AUTOMATIC I'oi doiiu'slii siokei liimg. hiill 
length lackel prevents escape ol llv ash Awanled (eililuate ol Appios.il bs the 
Anlhiacile Institute Ratings, Steam 12J) to 2(180 S<| h't 

FITZGIBBONS GOAL-EIGHTY Jaekelisl boileis loi coal, hiindlmsl R.iiiiigs, 
Ste<im 400 to 1000 S(| Ft 

<)IS 






Fiizgibbons Boiler Co., Inc. 


Boilers, Steel 


FITZGIBBONS 

Multi -Service Steel Boiler 
RA'IINGS, SrhAM 

Coal B Hilling Type 750 to 3200 sq ft 

Oil Filing Type , 1003 to 3S03 sq i( 

Stoker Filing Type 1003 to 3.S93 sq ft 

Outstanding Features 
Tanksaver (optional) supiilics ^car- ’round 
hot i\ater without a scjiaratc storage lank 
Tankhcater (o|)tional) a more ellicient in- 
dirccM water heater Auxiliary Grate 
(optional), for icliisc flisjiosal and stand-by 
heating duty i" oil tired installations Com- 
pact, laigest si/e will jiass thru a 31 in door- 
way Low Water Line, eliminates need 
for a jul Jacket (oiitional), on all types 

Destufitive liullrltn on Request 


R-Z-U JUNIOR 






FITZGIBBONS Z-U 
Steel Firebox Boilers 
Built lot 15 11) wsp ASM A (\)dc 
Cp-Diall 'Pype KSOO to 35, ()()() sij it stiMin 

FITZGIBBONS R-Z-U 
Steel Firebox Boilers 
The Z-U aiiangctl lor icar smoke outlet 
Built loi 15 11) wsp A R Xf R C’ocle 
lli*-l)ialLTypc ISOO to 35,000 s<i It steam 
Smokeless 'I'yP^ 1 0) 35,000 s(i It, sttMiii 

Oil, (las, vSlokcr 

Type 2100 to 12,500 s<| it steam 



HOO and hW SmeM 


FITZCaBBONS “F” SERIES 
Portable Riveted Firebox Boileis 
Built loi too 11) wsp 1 S M A Code 
Ratings, steam ISOO to 15,000 s(( It 

Frrz(;iBB()Ns soo series 
P ortable Welded Firebox Boilers 
Return 'Fubular 

Built lot 1511) w'S|) 1 A lU A ('ode 

K, it mgs, steam 3500 to 35,000 h(| it 

FITZGIBBONS 700 AND “P” SERIES 
Portable Riveted Firebox Boilers 
700 Series built lot 15 lb w s p AS .1/ A. 
('ode 

Ratings, steam 3500 to 35,000 s(| It 

“P” Series built ioi 100 lb wsp I .S’ J/.A 

Code 

Ratings, hoi.sepowei 25 to 250, 

FITZGIBBONS 600 AND 800 SERIES 
Smokeless Down-Diaft Riveted 
Firebox Boilers 

Built (or 15 to 100 11) w s j). A S\Af A ('ode. 
Ratings, steam 3500 to 35,000 wp It 

Jh\s(npttve bulletins on any of alt oj above 
hollers mil he mailed an request 





Kewanee Boiler Corp, 


Boilers, Steel 



920 


Ketoanee Boiler Corp. 


Boilers, Steei 



921 











Lookout Boiler & Mfg. Co. 


Boilers, Steel 


RESIDENCE SERIES 

LOOKOUT IIEGGIE-SIMPLEX STEEL HEATING BOILERS 

Steel Plate Welded Joints A.S.M.E. Construction 

15-Lb. Steam Workinf» Pressure 30-Lb. Water Workinji Prcvssure 

Direct Draft Type for Hand Firinji any Solid Fuel 
Mechanical Fired Type for Oil, Gas, or Stoker 




Sham liaiUr immUi/ utih Imlaf 


For Hurmng !«// Solid Furl 


RESIDENCE SERIES (Double PasSS -2 In. Tubes) SPECIFICATIONS 
Jacketed and without Jacket 

Direct Draft 'rype Mechanical Fired Type 


Direct 

Mrchanical 
















Draft lypc 

1 irrd I vpc 







a 



















JC 

u 










OQ 

■k 



jS 

%x 


1 

CQ 

Length of Boiler. 
Overall Inches 

j 

» 2 
11 


Steam Liberatm 
Area Sq Ft 


Steam Space 

Cu Ft 

Size of Steeun 
Outlet Inches 

|l 

DO 

It 

Diameter of 
Stack, Inches 


n 

Ut/i 


CatalogN 
Steam Bo 

VJ(X 

sd 

l.jr 

Grate Are 
Square Fe 

-s 

EtJS 

Inches 

:h* 

X o 

Heghtof 
Lone, on 1 


QS DO 
1 

SI 

c/iO 

t#<5 

CO IE 

tl 

2SJ1 

)70 

2S<:ji 

540 

)2 

2 0 

24 


12 

50 

48 

3 8 

37 

1 8 

) 

) 


10 

)0 

2SJi 

510 

2S(U2 

080 

40 

5 5 

24 

12 

50 

48 

4 8 

48 

2 ) 

) 

J 


10 

)0 

2SJ.t 

(>70 

2S(:j.) 

820 

48 

4 ) 

24 


12 

50 

48 

5 8 

(>0 

2 8 

5 

) 

J 


10 

)0 

2SJ4 

800 

2S(U4 

970 

57 

5 1 

24 

12 

50 

48 

(> 8 

71 

) ) 

) 

\\4 

10 

W) 

2SJ5 

050 

2S<US 

lUiO 

<i8 

5 4 

27 


12 

65 


0 0 

10) 

) 8 

4 

4 

yA 

12 

40 

2SJ(> 

1110 

2S<U<> 

1140 

79 

0 0 

27 

12 

65 


7 7 

122 

4 5 

4 

4 


12 

40 

2SJ7 

MOO 

2S<:J7 

l‘)80 

9) 

7 0 

27 


12 

65 

551/ 

a 9 

14) 

5 1 

4 

4 

12 

40 

2SJ8 

1480 

2S(:J8 

IK(X) 

10(1 

7 8 

27 

12 

65 

10.0 

10) 

5 8 

4 

4 


12 

40 

2SJ9 

l(>20 

2S(;jv 

1970 

no 

7 9 

)0 

00'/4 

12 

72 

01 

10 1 

175 

0 7 

5 

5 

5 


14 

50 

2SJ10 

18)0 

2S<:jio 

22)0 

HI 

9 0 

)0 

«>'/4 

12 

72 

01 

II 3 

199 

7 (» 

5 

14 

50 


To (lolcrnmio H II lU It.itinKH ol Hot Wator Il<*.it4HK Bojlcra. .mI< 1 60 por cont to com'Hiiondiii^ nl(‘am IkmIoi rituiivi 


In •uiditioii to tlio STANDVllDHMIIlI'lSand IIMHIDHNdlOSMIUl'iSol lloiitinir Hoiloin, wo m.il o (lio IoIIowihk 
(IKill KlItlOHOV SIOHIKS Mooli inio-il Kiiod Tvih‘ SFR'OlficatJoiw Rivon in Itullolin No IP 

I*. 0 SF'IKIWH POHTAHM'l KIIIIC HO\ HOIM'JHS IHhikIo 1‘iww) -OowiHlraft Waloi-Uiato Tvim* DuooI De.ill Tvpo 
Moolimuo.il Kiwi Tvfk' Simh ilJoatioiiH rivou in BulloLm No 117 

KIM) SIOIlIRS KOItTAHLM KlltMHOX MOIIjKIIS (Double F’tuw) -DowihIiaII, \V.iIoi-(ijjiIo T.vjm' Diioit Dralt 
TyiH‘ MooIuiiumI Kiwi T VIM* SiHuilicatioiiB gnon in Bullolin No UK 

BKKl SK BMtNINtl \V VI’KII IIl'HTMBS Diwt DraItTyiK* Si«*oifiPiti<iiui givoii in Biillotm No 11*^ 




Boilers, Steel 


E. Keeler Company 

Williamsport, Pa. 

PsiAiniSIIM) ISijl 

Steel Boilers For lleatlnf* and Power Steel 
Stacks, Brccchinjls and Plate Fabricatiotis 



Kcelrr Type “CI**' Water Tulu /ioila Knhr /'v/k "( /*” Ihj/f; lulu l»aUt 

Equipped with Ihideifet d Sioki r I // v \< s# mhlt d 


The Keeler Type “CP” Water Tube Boiler Embodies These Important Featiiies 

1 It IS complelcly steel oruMsed an<l insuKiletl 

2 Nobnclcwoik ic(|uue(l exce])! lot iiont wall .uid hndp.e 

3 The faulcs ol (he lunuice lUe vvatei cooled 

4 Clinkers cannot adhere to sides ol luiinue 

6 Furnace maintenance costs aie ie<luce<l to .i nuiunniin 
6 Provides very large capacity in a given spai'i*. 

7. Can be ojicrated at high overloads without ilisliiihing w.ilci le\rl. 

8 Has buill-in stKit blowei Kasy to clean inteiioi or e\lcnoi 
0. Made in large langc ol si/es in piessuies iij) to -151) Ih 
10 Units as laigc as 250 hp can be shipped coinplelelv .isseinbled 
II. Units larger than 250 hp aie shipiieil knocked down 
12 Highly eliicient with any method ol luiiig 

The E Keeler Company manufactures Sliaight Tube Watei Tube Boih'is, bolh long 
drum and cross drum types, Curved Tube Boileis, both tlneedimn and loin dinin ivpes, 
Return Tubular and Double Duty Fiie Tulie boiIeis loi evei\ power oi healing le 
quiremenl 



Bulletins of Any Type StMU on RequeHl 
021 



Boilers, Steel 


Union Iron Works 


Manufacturers of ^ 

Erie 

ReprescntativCsS in 


UNION 

BOILERS 


^ For Heating and Power 

Penna- 

All Principal <Utics 


HEATING BOILERS 


KNOCKKD-DOWN 
WATER I LIRE lYPE 



hoileis (<in be shipped kiUK ked down <) 
opiMUii); 


Advantages 

Power Boiler Performance 
able in an impioved watei tulie heatini; 
boiler lor hand, ^as, oil, oi stoker tiling 
These boilers aic sinnlai to high i>ressine 
cross tlruiu boilers lor power plants tind 
are spci itieally <lcsigne< 1 loi luMt ing sei \ ic e 
They aie built by a leading inaniibK'l uiei 
ol high piessiiie powei boileis 

Higher Ethciency and Ckipacity in 
the same sp«ue conditions is possible .is <i 
water tube boiler is a beltei he.il .ihsoiher 
than the liie tube type, theieloie (he 
Union heating boilei h.is (he definite 
advantage ol jirodiuing nioie steam jier 
scpiare fool ol he.itmg suitace 

Ideal lor Replacement Work as these' 
biought in thiough any oidmaiy building 


No Building Alterations Necessary to pkuo this boilei ovei the loumlations I'liis 
le.it me vmII .i])]K'al to (he engineei, architect, oi (ontr.ictor who is making a ic'pl.ieement 
in <in ('sisting building 

Easily Asscmibled, No Field Welding is leiimrc'd (an he shippc'd (ompletely 
.issc*niblc‘d Ol knoc ked down loi licdd assembly The only tool ic‘(iuiic‘<l is a tubeespanden, 
no wehlmg eipiipment is nc'eded 

Union healing bodc'is aie lor eitluT steam oi hot watei sc'i v ice .irid <ire built ioi stcMin 
latings lioiii .‘b()()() to fibtlOO s(| It , and lot hot w'atei iioiii l,S0t) to. SI, 000 s(| It. 

Th<‘ Union lion Woiksalso builds fire tube and watei tube boileis, ineluding leluin 
tubukii, portable (ire tube, long <hum and <ioss dium sti. light tube, low hcsid .iiid 
veitie.il bent tube boiU'is. 





(htton vPt Unit ruin* Itotler 


Union I!i‘atina Boiler 





lioilcti^, Sfccl 


Waterfilm Boilers 

Incorporated 

154 O^dcMi A\tMiuo, Jersey N. J., IL S. A. 


BOILERS DESIGNED AND BUILT FOR AUT<)M\TIG KIRINi; 



Boiler No 




Recommended I od<l hquarc I u ll I) K Nc.un I Water 
PKkMpimludrdinthcieraliiifrH W | H(K)' 


Guaranteed B I U 


liOlKK) 


Maximuin t iring Kate (i P H 


I (>*> gnl to 
J nil 


I)K UIXK SRKIKS cmiipkloh j.iolvotoil \ei(li nliiu 
buiim and tldiiKslK hot walit lank 



t 1 


Steiiii I V( liter , 
8(M)' 1 1280* 1 

'•lr,ir»» 1 W lift 
NIK)' 1 1 /(,()' 1 

I’tirtim 1 W.itfr 
I4IK) JlMy 

192, (MK) 

2(i4 (KM) 

11(1 (KK) 

2 irnl to 

2' . Kill 

2> . K.»| In 

l|nl 

1' • K«1 to 

1 iral 


•.liiiit toioMi tuiihi t.iiK oi loiif to ,o\(i Imdri, 


SEGTIONAl. SERIES 


Slnf»le Sones 


No 


I $ 

I 6 
I 7 
I 8 
I <) 

I 10 
I II 


2 8 
2 9 
2 10 
2 II 
2 12 
2 \i 
2 14 
2 15 
2 16 
2 17 
2 18 
2 19 
2 20 
2-21 
2 22 
2 23 
2-24 


K« oinmnulrd 
laiadi 1>K 


IStCdin 

1.250 

1.500 

1.750 

2,000 

2.250 

2.500 

2.750 


4.000 

4.500 

5.000 

5.500 

6.000 

6.500 

7.000 
7,5(K) 

8.000 

8.500 

9.000 

9.500 

10.000 

10.500 

11,000 

11.500 

12,000 


Water 

2 ,(XK) 

2,«)0 

2,8(K) 

),200 

i,WK) 

4,0(X) 

4.400 


6,400 

7,2IK) 

8, (M)0 
8 . 8 (K) 

9, <>00 
I0.4(K) 
11,200 
12, OIK) 
12,800 
n,600 

14.400 

15.200 
16,000 
16,800 
17,600 

18.400 

19.200 


(lUurunteed 

B I U 


UO.IKX) 
190,000 
450.(KK) 
5I(),0(K) 
570, IKK) 
6i0,(KK) 
<>90 (MK) 


No 


I 12 
I n 
I 14 
I 15 
I l<> 
I 17 
I 18 


99(1, (KM) 
l,ll(),(KK) 
1 , 210,000 
1,VK),000 
1,47(),0(K) 

1, VK),(XK) 
1,7I0,0(K) 
], 8 K),(X )0 
1, 9 W, IKK) 
2,070,IK)0 

2 , |() 0 , 0()0 
i.BO.OOO 
2,4i0,IK)0 
2,550,(KK) 
2,670,000 
2,790.(XK) 
2,9|0,(XK) 


2 25 
2 2 (> 
2 2 / 
2 28 
2 29 


2 J 8 
2 19 
2 40 
2 41 


Hri iMimieinled 
load) DK 


.Stenin 

I, IKK) 
1,250 
1,5(H) 

1.250 
4,(K)0 

4.250 
4,5(M) 


Double Series 


I2,^>(X) 

il.(XX) 

ll,5IX) 

14, (KX) 
I4,5(X) 

15, (KK) 

1 5. MX) 

16, (XK) 
16,5(K) 
I7.0(M) 
I7,5(M) 

18, (MM) 
I8,5(K) 

1 9, (KM) 
I9,5(M) 

20, (KM) 
20,5(M) 


Walet 

4, H(K) 
5,2(XI 

5, MX) 
(i,(KK) 
0. MX) 
t>,H(K) 
/.2(K) 


20, (HK) 

20, HIM) 

21, (>IK) 
22,4(K) 
21,2(K) 
2I,(XK) 
24,8(K) 
25,()00 

26.400 
27,2(K) 

28, (KK) 
28.800 

29, <i(K) 

10.400 
1I.2(K) 
12, (KK) 
12.8(M) 


( lit WAiiIrrd 

II I (I 


2ill.(KKI 
H|0,(KK) 
8/0, IKK) 
9iO.(KK) 
960, (KK) 
I OiO.IKK) 
1,110 (MX) 


I.OIO.IKK) 
1 150. (HK) 
1.270.(KH) 
1. 190. (K)0 
1, ilO.OlK) 
1 ,( 1 1 (),(H )0 
1,7»0.(HM) 
1,870, (KM) 

1.990, (MM) 
1.1 10, (KM) 
4,2 10, DIM) 
4. 150. (MM) 
♦.470 000 
>,6t(),(KM) 
5. 750, (MM) 
>,8/0. (MM) 

5.990. (MM) 


Burners, Oil 


Electrol Incorporated 

FINE OIL HEATING EQUIPMENT EXCLUSIVELY SINCE 1918 

0:]I M<iin A\e , Clifton, N. J. 

Conversion Burners, Boiler-Burner Units, Air Clonditionin]) Units 


Klectrol- Kewanee _ 

Heating Unit ~ 

\ < oiuplote IxiilcM hiniKM uiiil < oiisisl iiit* 
()l ( I ) CM liisnc (lc‘sn>ii, hoii/oiital, \\el<lc(l 
(oiipci IxMiini- sled liieliihc boilei , ( 2 ) 
ICIcdiol oil 1)111 iu ‘1 medi.imsiM, .nul (d) 
douicslK' \\<ilci lic.ilci IndiKcd diall, 

lou slack Icmpciatuu' Iiileui.d (lame 

I (>\\ watCM and limit conliols Bums 

luM\ \ Imnacc'oil ( iU<ii<iiiU‘('d mmmuim 
SO pci <cMl o\(M all cIluiciKN Simple, 
liilU aiilomalK Al Imc'l ivc, sound ancl 
luMl msiilalc'd lac'kcl 


Oulcl.Alia«ettfc 

ELECTm 

OIL BURNER 


I lint 


I k ') 

I -k 10 
I -k r. 


( .![> 

1 I)K 

Si (,1111 

7')0 

I2'>0 

I7')() 


(..il 

Oil 

lur 

I Uiui 

I () 

7 7 

^ 7'! 


(•ills 

1)11 W 
IlU(< 

1 linn t 

'll) 

80 

1(K) 


Diiiii I 


()v<r-all 


471 . 
(lOt / 
75 


55'^, 
551 , 
55 ' , 


Klectrol Oil Burner 

I'amons loi ikmiK 20 vcais ioi dcpcMul 
al)l(\ (‘conomuMi oiHMaiion in anv Ixnlci oi 
Imnacc' ( ui\cd an duimhci piodmcs 
lolnlint; an and ball sliapcxl llatiic Hiiill 
m M.isIcm ('onliol, a saU^lv (liat (.nmol 
bc'c on u' ( loured willi soo( Conlimious 
cics 1 1 It* Ii»nil ion CiU Oil \alvcal No/zlc 
New p.iits III anv c\isliiu» models t‘limi 
nal mt* obsol(*s(*t*ncc bums low tost bid 
oil One nio\ini> pail Simple, iu^^cmI, 
iull\ aulomalu Sunmi(‘i Wmlei Dorn 
1 1 W. wil h indiic't I wal(‘i 
luMlei 


Model ; 

Sl/M 


Electrol-American, Series 
No. EA 6 Heating Unit 

A tomplde aulomal it boilei-bunuT unit 
lor (he inodeiale-si/ed home BoiIcm- oI 
cast iioii tonsil IK lion Sj)ot i.illv desii>n(‘d 
heal absorbing surlatcs billm-'rato 
Water IIcmUt, taiiac ity 10 gals (100 gal 
healei can be siipplu'd) Iiu'ludes h,delv 
(oiiliols, Low VValei C'ul Oil, salcMy v.dve 
and pressure liiml switch boiler trim 
w.ilcn (olunm, (ombmation piessuie anti 
\a(uum gauge on steam boileis, altitude 
g.iiige and theiniomelei on hoi w.ilei 
boileis I' lied b> FJcxtrol Model 'PCA' 
biunei bums low t ost lu(‘l oil lleaxilv 
msulalc‘tl, sound ptool lac Let fmislietl in 
IxMge enamel biiiner, smokehood, walcn 
healei anti t onliols c ompleteK ent loscsl 


No 

<>l 

boiUr 


I A <)-4 
I A 6-5 
I AM) 
I A (>-7 
PAli-B 
I Aft «) 


Installed 
Radial lun 
Boiler will 

Ll» Oil Hr 

( a|>a( liy 

1 ,11 o 
W.iUi 

C arry Si| I 1 
(4500 Mill 

( 45 (M)Mlii 

1 lans- 

1 raiininiSHinn 

miHsioii 

lU ltd 

Kate) 

K.il() 

(.,d« 

Su am 

W.il(t 



155 

570 

8 5 

to 

H 5 

(»‘)5 

10 ^ 

to 

515 

825 

12 1 

‘to 

505 

050 

H 5 

40 

675 

1080 

14 0 

40 

755 

1205 

Ift 1 

to 


0 v< r.dl 
DitiK^niioiM 

Inn 


I 

♦7'„, 

, 57 "„ 

l>l',„ 


W 

70» j 

I 

2‘U i 
7«>L 


>«n 


II 

50# 
54 '* It 
'> 4 '* H 
') 4 ’* H 
50 8 


C.al Oil 

|»d 1 IlMII 

( aiiat ity 

1 1)K 

Mm 

Mix 

.Strain 

1 t 

0 * 

7(H) IKK) 

1 \ 

2' . 

2IK) 8(HI* 

j 

HI . 

(>(K) 28(K) 

17 

74 

75(H) It), (MM) 


l( 

II 

III 
IM 


t* Im I ml Cdiu ( 1 sMiii ( HI 
Miiiiiii, thoilld lx 'trlulid lo 
III it I liiiilci to Its lull i.itid 
<,ip«iiilc i( k.ikUi ' is ol I lu loid 
lluil iiM\ Ih uiiiiuiIimI III tlu* 
liiiilri 

'S(,i(iil.ii(l t•l)lUpln(Mtl with 
tlx Nlodid i| 1 1 1 1 10 intii 
initliii Wall 172 > 1(1111 luiiloi, 
( illMi ll\ I'l S«lIUl .IM miikIi 1 1 (' 



100 giiln ,a (Xlia I oil 

Electrol Model T(]V Burner 
Vertically Mounted 

'Pile veitical inounling 
ol the moloi , Ian housing 
«iiid oil pum|), makes pos- 
sible the use ol the* 'PC'V 
bill nei with pit ket ed 
boilcMs and lui nat (*s 

Il enibodu‘s all the 
unMpie I'detliol I'C‘atuit*s, 


25 '- 


Mi)dtl 1 1 I iUinu) 

See also Pa^ett (S’^6*-iVL' 
927 


Dimciinioiis, 

Inn 


(..iln. Oil 

|)(l 111 


W I I iMiii lM.tx 


21 |I‘)S 


M h 5 


('ii|>«uily I <|iuviilrnt 
Ktidtatuin 


Strain 
2(K).| 100 


1 lol Water 
150-1 HIM) 






Burnet s. Oil 



Itr.iiK lios 

Sv < \I tn « \| M 

- \'\ « ,M ,, t X, „ 

K \MI .in ( \| II 
IMUI MU mil \ 1*\ 


9*10-950 Ailnii»l(>n Avoiuir, Oakland, (lalif. 

OIL BURNERS FOR EVERY HKATINCi AND IH)VVKK PUKI>OSE 


EXPERIENCE 

Tlic S T Johnson (’o , ost.ihlisiHMl in HMD, is a 
pioneer in the use ot IkiukI luels loi e\ei\ liealini» 
and poMei pin pose 

PRODlICrs 

Manual, ScMin-AiKonial i( .uid \ii(oiiiali< 
Rotaiy Oil Burneis built in x.iiious si/es to meet 
the rciiuiieinents ()l anv doinest u , (omiueidal oi 
mdustiial application 

Oil Iniel ('onibination Hoilei lUiinei units 
fiunishinji heal oi hot \salei oi both in com 
bination lot homes 

(ias fired Boiler Buinei units luinislunj* heal 
and clonic’st i<‘ hot uatei wheie (l<*siiable 

('onil)inalion Oil «ind (las Bnineis lot coin 
mcrcuil and indusliial apiilic at ions 

ARCHITECT AND ENCHNEER SERVICE 

Throutfh (he fohnson Iun*ine(Ming Ot^pait 
luent your heatiiij» or povwi piobleins will be 
studied without obll^^allon and lull assistance 
t*iven in piepaiint* layouts and c‘stiniates 



Tvih m u / /'• s a u I 


BULLEIINS Tyfn ,U> U Juhntm (hi lluitut Suvuf ht tl , ihit 

Loosc-Ical bulletins on [oh uson Oil IbiincMs OI ;! Pmm.hu,. 

!)oilcr burner units and biieknu* and installation 
plaiiwS lor boilers and luinacc^s most eencu.dly 

cncountcted are avaihdile bom the* lac*toi\ oi johnson chsi iibiiiois m piim ip.il c ii les 
COMMERCIAL FULLY AUTOMATIC ROTARY rVPE OIL BURNERS 


types .w-zvY ana .w-ii 

The,c aulo.nalK l.u. lifts aic ina.le in T. s./t>s loi IkmIcis up („ ||,V(|(Im| Ii .,( 
.ailuition C onlri.llfil luK.mial.i all> l.v ii lll.•.nl..slal. sifa.u pi,....,,...., ual.M l, inp...a 
luic, or a ooniliiiial loii ol lht*sf ilrviifs ns llio apptii alioit m,i\ ifiiiinr 

'’^'"*'*"1 **'*' "•''"‘■•'I' maiiulai liufil m tiim 

picssed gas Ml conl.iiiifis 

OiispccialoriliM fltHliiospaikignilion isatailalilf loi liiHs iioi ;t „„ 

n smallcM biiincMs 



'I’ype »iO-\V u*.(*s up tu \<> o 
luel without picdicMtiiiK and 
IS C‘(piippc‘d with the* fohnson 
^ isc’osil V c'ompeiisat me, \ al\ e iiit 
nishiii).' ,i c'oiisl.inl Ilow ol liicl, 
ic‘f'anllc*ss ol luc*l t empet at UK'S OI 
vise osil les, to th<‘ bin nei w it bout 
building esc essive pic’ssuit* in the 
lines Ol imttiUK undue stiam on 
the pump or motoi 'I he val\e 
ineorpoiatcs a spniu* loa<lcsl 
lloatinn piston wdth thiveoidices 
lejJiistcnmj; with dcdivcny poits to 
I lie burner atomi/ei, to the 
suetion side ol (he pump and to 
the oil leluin to stoi«i}(e. Ad 
iustiuents are made bv iuovuik a 
lever aiound «l no(ehc‘d cpiarhant 


92 S 


S. T. Johnson Co. 


Burners, Oil 


\\hi( li ch.iiijics llio bi/e ol the incleiing onhccb 

Typa 30-n IS eciuippcil with tin autoindtic oil prchealci and 
fcatiiies that make possible the cfTicicnt use oi No (i (Hunker ( ) 
(uel oil The luchealei maintains warm oil cnal)linj» burner to 
stall mstantlvat all tiineb 

Johnson Low Fire Startinj^ and Modulated Firin}^ 
Accessories. These lealures arc me orpor.it ed in Type 30- AV 
LFS <S: MI' and Type 30-11 I.FS <!<: MK Johnson Burncis Also 
av.ulable lor Ty])e 2S l^urner 

I.ow' File Stall inj* automat leally lediues oil and air to a 
mimmum lor stailiii}* pin poses and dm mu a short pre-del cnnined 
peiiod, iiK leases the liiel and air to lull flame, assuring smoolli 
|)osi(ive sttirtiiig 

Modulated h'limg t.ikes ihaigc ol the buiiici altei lull flame is 
est.iblished and automat ic ally vanes the flame to suit boilei 
iliMiiands thiough (ontiol ol an and luel At shut down periocis 
piim.uv and secondaiy an aie (losi‘d thus conserving luin.ice 
luMl h'liel Stivings have luii as high as 7 per cent with this Ixjie 
ol opeiation 

SEMI-AUTOMATIC TYPE 28 

A iii.imially igmied Innner made m fncsi/es loi boilers up lo 
*11,700 s(] It ol ste.im ladiation Huilt in two tvi>es one with 
biiiil 111 pump loi single install.it ions, the other lor use with 
si'p.u.ite johnson pump eipiipment on multiple msl.illatioiis 
I' ii<‘l ( Ills ( pi (‘he, it ed w hen ne(‘(‘ss,iry ) ,is heav y 4is No 0 ma\' be usei I 



‘LADOr DU-ALL Du-iU 

Combination Boilei -Bui nor Unit for Small and Medium Sized llome> 
i'uimsh(‘s he.it oi domeslu hot watei oi both m (ombmation ,it lowr cost 
In the (oiiibiimdon units liml is only (onsuiucHl lor the piodiution ol domestu hot 
w.il(‘i dm mg w, II 111 w(‘<ithei 

M.ide III thi(‘e si/es 100,000, 120,000, and 110,000 Htu jiei houi output 
‘L.iddi' Dll All Units lesl diiec tly on the flooi Diametei at theb.iseis21 in on .dl 
(hu‘(‘ si/es, while the heights lun d • 2 H on No 1, It on No 2 and r>* 2 H on No 3 


<«eneial Speciheations of M/addi’ Du-All 


'u, III (iippii Ikmiiiii', st< ( I Ixnli r sill II ( U ( (iit.ilh we1<li‘(l Trstni to iriOll) IimIiiisI.iIk 

piri*<iiii Iliiti/iiiil.il liio l)o\ with |)icH is( kIikIoiv ( oinhiist iom ( Ii.iiiiIx i i'i in -d.inilnst 


(\(l.l lll.lVN lx IIIIP' till 

1 iil)i<) () 111 irvci'uliir (liiiiiiicv 

(iiiiiihIiii Idi (Mlliii top ni h.u k (<ili- 
III I (inn ('oiiipli (i l\ iiisiil.itixl willl 

iiiiiiM.il u'lKil . 111(1 li«.iv\ slid cn.inu'Iid 
l.i( ki 1 |lllln•l(»n I Mil It Imiiiici, 1 10 

Vdll < .11 , (|() I \ ( l( 't 

Itiiiii) Dll ‘.(‘I liiil (III (It N(i til S 
St.ind.iid (inil iiilK .isii inlil( d .iiid 
(i>.lid li(‘i(ti(‘ '.liipitKMil ImiiisImiI 

in.iini'l in i<ii\ d Piii|il( ind Itiiwslii 
(>Mtn I'lK (IIIk ' 1 (M‘.lU .!( I (‘S illllc 




S. 'r. Johnson Co. Rotiuy Oil Burners Types 28, 30-AV, 30-11 



Mloili*! output .\I)oM‘ l>utn(‘is iv.ii].d>U‘ without huiU 111 ptiiupx >n Niin(‘ si/(‘s «md i.ukuiIk 

020 



litnrios. Oil 


Kclvinator 

Division of Ns»sli-Kolvina(<»i (!oi poi.Wion 

MiTOMVnc IC 1 -\’I'IN<; 

KopiosciJiaihi s in all l•Mn^ <p il < iin*. 

Faclorios in Dciioii, Muhiiiaii, ami Lomlon, Ontaiio 


Kclvinator Oil Burneis 

I'llO <1<1\ *UU 0(1 (|('SIV>IM»I Kl'lv lIKllOl Oil 
Burners is Iiascd on K<‘I\ tn.iloi 's ? \ \ c.ii ^ 
(>1 oxpoiuMuo in llu* t(‘m|u*MHn(* lonlml 
iu^id < )iitsl.nidini> It .il uu's nit ludc* .1 iuol 
contiol unit (li.il (.ni Ix' k'^iiI.iUmI diniiu* 
iiislalKil ion In nu‘c( I In* os. i< I iiottlsol ilio 
nidiMdu.il lio.dnu* pi.iid, .nid an iul|us<- 
able ait shuttet tli.it pot nuts .udii.iit* 
sotliim 'riio loli.ihlo non-pul.saHitjii 
pump IS unnsu.iil\ (pixM, and (iu> fan 
housing in duoi'l aIi);nnion( \m( li (In* an 
sipiplj tulio pioinol<‘s noisoloss opoialuni 
()l the liifth-capaaty blower \ii air 
tutbulator insido tlu‘ .in stippU (ul»o 
assinos an indmali' ini\tuio loi (’omplolo 
(oiiihustion, .iiid a spot i.il ait a][:tilit<or 
^ivos a soil, (liMliim llamo whuh ( ,m l»o 
adpislod (o (onloiiu to I ho shape ot llu 
uulivKlual (onihusdon tlianihoi. Radio 
inloiloioiHo .ind i^inlion l.nluio an* 
ol)\M.il(*(l l)N (ho uso oi «ni ignition (tans- 
totmer ol <id\an('<*d ( onsd ni'lion 

Fressiiie-tvpe Oil But nets, I* 01 in 
slallalion in all h p(‘s ol ho.idng plants 
Tlmv si/os, loi o<nii\al(‘nl sloain ladtalion 
lo.ids ol IifiO 7r)() s(| li, TriO I.'iOO S(| li. .iml 
R{()()-2 1.SO s(i l( Uses AOBA miiniiei 1, 
2, 01 2 luol oil 

Boiler-Burner Units’ h'oi sio.ini, hoi 
waloi, 01 sapoi hoalini; s\s|oins I hroo 
si/es, (oveiinj* lotpiii onion! s ol TiOO to 7S0. 
8(10 to 12d0, aiul l().S() to llidr) sp li ol 
eiiuivalonl steam ladiatioii lo.ids Usos 
AOBA niiinhoi 1 , 2, in .*1 iuol oils. Idiill in 
watei heat 01 loi yoiii-'iound doniostio hot 
waloi suiiply Idiinoi o.in also bo usod 111 
waiin air eondil iomn^ unils 

Automatic Coal Burners; I*'oi insial 
lalion in all typos ol luMtiiu* plants 
Bums lovvei jirades oi bituminous 0 o. 1 l 
Feeds liiel (umlortood piiiKiplo) as healing 
load leiiuircs Automat le lime ioI.in 
stalls burner rogiilaily to piovont (no 
tioni going out I'ue si/os in eapjuitios 
of 875, 1250, 1.S75, 2500, <in(l 8750 sp It ol 
equivalent steam ladiation. 



.SVr also /^n;rs ,SVj;-,SV)/> 
080 


Mo- 


Burners, Oil 


Micro -Westco, Inc. 

Bettendorf, Iowa 


•K) Wmt St , N(W \«>ik ( itv 
.{.MS Mull Hl\(l,(liumn 


Branch Offices 

Jlil Sl.ito St , Boston, Mass 
IIL’O C liostiuit St , IMiiI.kU litln.i, I*.i 



\UhUI F 


lifttciwloil Hill iK'is aic .ill olfitiu, .iiiloni.itK' 
and iiuoipoiale the Ini’ll incssiuc inotliod ol aloini/a 
lion lasled as standaii! l)^ llic lliidciwiiliMs I ahoia- 
loties iiH to hum domcstu lucl oils, Nos 1, 2 ainl d, 
<111(1 apjHOM’d h\ the fiie |)u*\cnlioii IniiiMiis of all 
pifiu tpal c itus 

M.iiuii.u tumi in loin models \Mtli a i.iii}>eof (.ipaiilv 
horn "h oi n i;<dIon to 0 ,i><d pei horn hoi dimoitsioiis, 
1 at nil’s et< see t liait below 

Ml Hettendoii Hnmeisaie built .iioinid .i iii’nl .ind 
lieaw oiie-pieee main honsim’ wliiih pi o\ ides .in 
.ui mate and iiukI nie.nisoi <itta( liiiii> the \<inous |),iits, 
.issniim; peileit alminneiit ol .ill mmini^ jiails, as well 
as positne inleieliani’eabilili ol p.iils 

I he Hettendoii is posit i\el\ not .i ‘'Oiu* he.iluie” 
bniiiei Instead it (oiiibines those pio\en le.it nies ol 
modem desn>ii ioi the efluieiil bumini> ol oil in .ill 
t\pes ol applications 

Mkio Westco, Inc, extends (he seiMtes ol its hami 
neemn» Depaitnient to \i(hiteits, lle.itiiij; I' iii’ineeis 
and ('onti.u tois on Oil ileatnii> Hiobleins 



I) 

I 

i. 


HI) 


1 liiiirii A 

Mm 1 M.U 

Diiurn (I,l)iimii 1. 

Mm Mux Mill 1 Mux 

I)mi™ 

1) V(r 

MmIui 

IIP 

(^iTi . 

C ,i|) 
Str.Mii 

Kail 

( .i|i 

IIW 

K.mI 

7' 1 III 1 P 1 III 
o' i III 0 III 
<i' 1 III 1 H' 1 III 

8' > iri.jiy • in 

I'l 111 
17 Ml 

10 III 

77 Ml 

7{m 7tin 7(iii 

71) in 71 III ho III 
IK Ml >70 III |70 III 

^ Ml it Ml llB Ml 

17 III ilia 70 III 

14 III ; IK III 

It) III ili.i 1 18 III 

1 1 III (ii4 77 m 

I/O 

1,8 

1/8 

l/t 

7 to 4 

1 fi lo 7 ") 

1 to lo 7 ' 

to 0 

1000 «|jl 
o7'i uj (I 
OilMlIl 
77'i0 Milt 

I(i00m|1( 

l()00n<|it 

t<i0()»|ii 


Wtiim Alt 

l.tuiln 

Pii>r 

1401) •»! Ill 
tt7*i i<i 111 

ii| III, 



Burna.s, Oil 


Norge Division 

Botn-Watnet Cot pot at ion 

(i 0 «-() 7 () K WoodbndftoStnvl, Detroit, Michijiiin 


Norge Whirlator Oil liurner 


Sciviccd through Iranchisctl distiihutois 
and dealers throughout the United States 
Norge Whiilator Oil Uurnei is a “ Pies- 
sure-Atoini/ation-tyt)c” huiiier luiilt in 
si\ sizes, Model S, harulles SOO s(| It ol 
steam rddiation or its c<|Ui\aleiit , Motlel 
N-hS, handles ISOO s<| It, Model N 2 S, 
2 S(X) S(i ft , Model N- 3 S handles USOO s<| It , 
Model N-()S, handles (WOO s<| It, Model 
N-S 8 , handles SSOO set It 
The “ Whirlatoi ” is a patented design ol 
multiple vanes, rotating entne mass ol an 
in a smooth even movement, to |)ioMde 
ad-mi\turc lor high combustion ellu lency 

Nozzle aloim/es 2 S deg -JIO deg Baiime, 
known as No 3 AO HA speeilicatioiis, 
or hghtei oils 

Motors " (Model N-S) Siilit IMiase, lit) 
volts, ()0 cycle, alternating cuiient, 1750 
rpm Model N-S, ‘lo hp motoi Model 
N-i(S, *(1 hp. Model N- 28 , ‘ri hp f aigei 
models powcicd in propoition 



built in 1.1 dio 

I n t e I I e 1 e n ( e 
e 1 1 111 I n a I o I 
'IVstc^d loi m.iM 
inumbre.ikdow n 
ol 15,000 \olts 

(jOII ( t oIs 
M inne.i|)ol IS 

I I () n <‘ N w I 1 
Senes 10, low 
voltage loom 
t h e 1 m o s 1 a I , 
t \ jie K I 1 7 
Plot ec t ()( I a \ 

(stalk mounted I oi lombtislioi) salcMs 
device .md ImiiIcm oi limit c'ontiol (tut Inn 
high Ol low \ol(.ig(\ ,is (Ic'siicmI) 

Pump kot.iiv lvpc‘ l)ii<‘<‘l ll(‘Mble 
spimg ('oupling to moloi sh.ill 

Piin habinatc^d light aiiiiiimiim, 
mountcMl on motoi sh.ilt No mten mcsliate 
('onnec’tions 

StniineivS A semes ol two wilh ample* 

e'.ipiie ity 

AccessibiUt V I'.m oi blowei hoiismg, 
and inspection eov(*i m om* light uenght 
(Mstmg. 

Hefts 'Phiee stmdv le‘g,s, cmsiIv .id 
instable 

Approvals I istesl as Mandanl bv 
Uiielei wi ileis' L.iboi.ilones, and appioved 
by leading st.ile and miime'ipal saletv 
behuels oi iiie de|).u I me*nls 




Norge Oil-Burning Space Heaters 

lUiilt in thicv sizes, both standaiel and |)elu\e mod(‘ls Standanl 
models rinihlK*d m vvunkled latcpiei l)elu\e iiioelels in Stippled 
Hrown poic'elain Norge double jiot type* bmn(*i uses .ueiage inn 
ol No 1 luel oil or hghtei Blue llaiiie sleeve* I vpe ol heate*i VN'heie* 
public pu'lerence recpuies (his type 


Model 



b^th (overall api)rox ) 

Maximum Oil (unauniption per hour 
Ulu per hour 

Shipping weight (n|>prox ) 


i7-(» 

•A] t) 

/', fi 

W.,„. 

44 III 

*}J III 

21) III ' 

24 III 

2K III 

run 

27 III, 


♦ H-g«ll. 1 

t7 5tlt) 

I j Kill 

* 4 KaI 

')6.0tK) ' 

7S IMK) 

I'i'ill) 

22MI* 

tniii 


See til AO Ptiffe S7,i 
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Coal Burners, Automatic 


Butler Manufacturing Company 

1282 lvisii ‘1 n A\e Kansas City, Missouri 

"^AUTOMATIC BUTLERs^SI^U 

14 Sizes. Feeding} Capacities 18 to 1,000 F.b Per Hour. 
Hopper Capacities Up to 1,400 Lb. Boiler Capacities up 
to 262 Hp Steam Radiation up to 29,089 Sq Ft Hot 
Water Radiation Up to 46,542 Sq Ft. 



(Controls MiiiiKMiHilis- 1 loneyvvell Zoned Air Control Steel wind l)o\ 
"I'liennosl at s, in4iune(u switch and lelay undei letorl with .iir damper I’eimils 

translonnei or M-II Relay, limit conliols eoiUrollahle volume ol an to lelort /one 

eithei pressuiet lol, 4i(|uastat or \apois(at and to entiie /one ol live side i>i.ites 

Motor St.md.iid hii»li i>i«ide Ihdl Ikmi- Result is uniloimlv active fire bed ov(‘i 

iiu» loi ,inv stand, ud v()lt,ii»e, lre(|uen(v, entire gi, lie aiea and not pist m letoi I /on(‘ 

jihase Ol (liiect luiient Hopper V'eituMl and eipiipped with 

Fan C'ast aliiininum mounted mdepen- up and down ,ind sidewise auit«iloi to 

<lenll\ on own b,ill beaiinns not on insure positive loal leedini> into leed sciew 

motoi miet 

Drive 'I'hree ( entei , double \ -bell sys- 
tem dines tiansmihsion ,uid Ian 
Constant Mesh Clears Steel ( on 
stiint mesh, anti liulion beaiuu>s, iiinnim; 
in oil Speeil eham»es made without 
diseni»agim» fjeais oi stoiipiiu* motoi oi 
ge.iis 



li,i]) ioimgn mattei acddentlv entei in]> 
coal du( 1 , 



Feed Screw Siiaight llight east ol 
spei lal alloy steel loision tested to with- 
sI.ukI tienuMulous sti esses 

Pu Isa tor ( i<*ai diiven dnediv oil 
s<’i(wv shall Adds i,im leedin^; action to 
scKwv lee<lm}4 Disliibutes luel e\enlv 
ovei lue bed Alloids two wa\ anitalion 
to luel nuiss to keep heavy coking loiina 
tions bioken up piexents blow holes 
iiu M‘ases combustion ellicieiK'y. 

Retort ( hiome nii'kel alloy, naiiow 
tuveie blocks ami side giales e.isily le* 
placi'd by lemoMiig lot Icing lods Retort 
suspimdecl to ,illow lor expansion and 
contiailion without selliiu* ui) stiesses, 
which ol hd'w is<‘ distoi t leloit oi (rack its 
setting. 


SelL(]!oaling bin 'I'o Buinei Models 
Designed with side luel How on st»p,uate 
woim sciew wliiih caiiies luel lioin bin to 
stokei si lew Operated by imlependent 
motor and gear diive Automatic tup 
('oiitiol legul.iles (low' ol coal into slokiu 
base only as ie(|uiied by In mg conditions 
Also supplied with dust tight steel bins 
shippeil m sections to be bolted logethei 
Complete Manual <liv(‘s d<‘t.dled 
capacities on loals ol vaiious Mtu lontiMit, 
combustion space ie(|uiiemenls, iiistal 
kit ion dimensions and ilitiwings, heating 
cost tables ,ind peilonnance leioids 
Write Stokei Division Author i/ed dis 
trihutois widely located 





Coal Burners, Automatic 


Iron Fireman Manufacturing Company 

Automatic Coal Burners 

Portland, Oregon 

Factories Pdrii and, Ore , Cii<vi i anii Ohio, Tokomo. t \n\ii\ 

Retail Branches or Subsiiliancs 

CiiKAi.o. Ill Mil wu ki l, WI'. Si Lolis, Mti Niw \oku N \ \I<» him 

Dealers in Principal Cities and Towns in ihe OiiiUhI Stales .mil Canada 
Representation in numerous foreijln imiiimes 


IRON FIREMAN Automatic Coal Burners 


“Forced Underfiring” Principle ^ 
-Iron Fireman "Forced Underfiring” / A 
IS based on the scientific iinnciplo ot f % 
feeding fuel to the fiie lioin below, 
under lorccd diaft Kioin the ton- 
veyor screw coal enters the fiicbox 
under the fire and is gradually loiced up- 
ward into the flame As the coal ap- 
proaches the fire, it is gradually heated 
The volatile gases aie distilled oil in (he 
presence of an excess of oxygen and aie 
thoroughly ignited while passing through 
the incandescent fuel bed This insures 
complete combustion 'Fhe ash is fused 
into clinkers which aic easily leuioved 
Advantages- Iron Fireman saves 
money and in- 
creases heating n . 

plant efficiency m h T/ 

four major ways ' i „ id 
( 1) Cuts fuel ^ ' 

costs, (2) Reduces i 'it-iIjS 

labor costs, (3) *’‘^,1 
Provides steady, n,mm 

even heat or Pra/t hmtxn liotUr 
power, (4) Flimi- 
nates the smoke nuisance 
Installation and Sizes Iioii h'licm.m 
IS made iii a lange ol hoppci and hm leeci 
si/cs for lommeicial luMimg *iml po\\(*i 
boileis developing up (o TiOO hp and also 
for homes II c<in be iiisl.illed (|iiickl\ m 
practically any vsol id luel boilci oi luniaic, 
old Ol new Machines aie shipped eom 
plcte from the laitoiy All pails aie 
standard and inteicluiiigeabh* 

Features of Design and Construc- 
tion Construction and opeiation of (he 
Iron Fireman aic characleri/cd by siiii- 


yfxcal Inslallalwn Ihwn 
Prajt l^tnlun liotlrr 


S\ plu ily (hioiighoul < )ulslainliiig lea 
R, \ lines ol design and n>ns( i n< I ion au* 

I (I) I Messed slis^l < oust mil ion iji 
^ J SjxsmI p^iliMiled liaiisinission llnee 
speeds ami netilial < .e,us mn in bal h 
ol oil («{) h'liHliK inoloi siaiidaid 
make ( 1 ) \ bell dii\(‘ ifi) S.delN sheai 
pm protei Is imx hanism itoin dam«ig<‘ Kb 
(hiiet lull healing i<in siipplNiiig IokimI 
dialt to (lie ( 7 ) Aiilomalu iin^ banking 
ilainpei <'ons(‘i\es luel .md holds Ine ni 
piopei condihon wIkmi sIoKim is idle (S) 
Positive piKMiinalU' luine (limiiialoi .in 
aiixiltiUV an suppl\ that insu(<‘s posih\e 
nio\emen( oi all gases thiongh tin' Ine 
(<)) \M)liinu‘l<‘i that supplit*^ esailK llie 
<imoiint ol fin mxshsl lot pet lei I i oni 
bust ion H‘g.iidless 
ol lu<‘l bed con 
(lit ions Ol (^pe oi 
(o.il used (10) jf O ■ 

Sect ion. d i el oil ' / / I 
espeiMfilU dtMgn / / 

ed to fillow loi I I, y P|lll 
Iie.K exp,insion i 'v_ i 
(in 1 )<M<I |.UtC,S , , • 
olhea\\ lion and -i i-* 

libbed (12) Sec 7 , , ^ . 

liniiil rliMii /v/'»oi/ InMullotun, I om 

tionai, Mil man pu/o I 

mg tuyeie blocks. 

(Pil ( onvevoi si’iew i.isl ol spei lal lioii 
h'nenifin alloy steel bom oin* pie< e paliein 
(11) Automatic eleitiii lontiols designed 
(01 and used exclusively on lion I'neimin 
Automatic Controls (ton l*iienifin 
sbuts find slops fit (he ('onniMnd oi smisi 
(ive, fieciUfile fUilonifil H lonliols Dimi 
mg (onliols govern slokm opeialioii 
aci'oiding to diMiuinds oi time, limipeia 


/ V/'»Ol/ / nut 

I hunt Ku/o I uhr' lunlft 



1^! “k' 

‘r; I ' > 





Iron Fitnnati in Operation in f/oitatwial Return 
Tubular Boiler, Low Budge HVi// 







Multiple ln\tiiUulion f»/ Lunkn Ptid ShiUi*. 



Iron Fireman Manufacturing Company 


Coal Burners, Automatic 



()i piossiiio An t‘\am|)lc <»i the 
siipei loi It N ()l lion I'litMii.in (liu‘( tun* ( on- 
IS I he “Smu ro Slat '* vvliidi piovides 
.iiilomilK lontiol ()l (la\ .ind ni^lit teiii- 
pei.dine Olhei dnec (iin* < ontiols iiu hide 
pii'ssiiie i(‘nula(<)is, hot \\alei «imiI liiitiaee 
iej>td,ilois, and (he “'I iinetac loi a d(‘vi(e 
which inns the lion hiieiium dniim» pie 
delei mined mlei\als m oidei to keep (he 
(lie <di\e diiMin; mdd we«ithei 
'Phe most mijioitaid unit o( (he oper- 
iitnn* (oidioi svstcMii is (he motoi diiven 
lekn switc'li This 
de\ i( e s(iii(s and 
stops (li<‘ stokei I 
motoi «i( (lu^ ( om ^ 

III .1 n d o ( ( li e 
S\ ii< I o S( a ( oi I 


( *ise oi ( lit* laii»ei 
sK.kc.s.im.iunclu 

0 |KM.l(mn swKdi ( a\t hint lloiln 

WOI ks III ( oniiiiK' 

(Ion with (he iela\ swhidi 

lion Mi email (oi Homes 'I he lion 
I' iieiiKiii lesnUnit lai model (mii)lovs“lMuced 
Und(*iliimp, " (niiKiple (he s«iiii(‘ as laii>ei 
m.idmies, with siiupiiiu^d opeia(ioii 

(’an 1 »<* leeoimnendecl (oi ,in\ stcMiii, hot 


ot luM d 1 1 <n t ini> 
coiitiois In (lie i 


tiVntt 

fffrWl 




ft, 





lUniit'iln [nsltilliilinn I inil I'lnw mmltl lluil unm'- 
null till III Innn hin hi tii i 


water, vaciiimi, or 
warm air iutnace 
Quickly installed 
Hopper and hin- 
feed models lor 
both bituininoiis 
and antlirac'ite 
coal Anthiaeite 
models have been 
tested and ap- 
proved b> 'Phe 
Anthracite Insti- 
tute 



/ vfnidl I nsliiltiilion 
Ihnntslu lUnlo 


enc;ini:erin(; service 

The Iron iMienian ort>ani/alion is 
nationwide Tiained men Iku ked hy 
oneoi the iai];eh( iihirmlac (iiiin)> oit;am/a- 
tions in the held <ue at yovir seivue to 
help you with the e\peiience and jnadical 
healinp inloiniation j»auied (lirom»h seivu- 
ing thousands ol boiler loonis and heating 
plants in all paitsol the count ly 

Any lion hhieman em>ineei will uladly 
call and submit any additional mfoinia- 
tion rocjuested 


OATAEOC; AND INEORMAI’ION 
Catal<>(>s t>i\'e lull inioimalion about (he 
Iron I'lieman Descriiitive loldeis {»ive 
special data about niwstailation in paiticiiUr 
types of md list lies and in homes 

Secure (hem by addu*ssim> the laetoiy 
or any Iron h’lieman lepresentat ive 





Coal Bin nets, Automalic 


Combustioneer Division 

of The Steel Products KiiAinoeiintt (^onipanv 
AUTOMATIC GOAL BURNERS FOR HOME AND INDUST RY 
Springfield, Ohio 


Combustioneer 
Am o mat 1C ('oa I 
Bimicrs aie destined 
foi homcb an<l in- 
dustry They are llu‘ 
icsult ol man> yeais 
ol e\|)crieiuc‘ in tlie 
desicfii, const met ion 
and oi)cra(ion ol co il 
burninj* eiiuipinciit 
Air and lucl in (oi- 
icct pioportioiis are 
automat It ally Ictl 
into the luel bed 
Unilorm tempcr*i- 
ture, utmost con- 
venience, coniloit, 
automatic hcaltlilul, 
sale warmth always 
assured 



t /><(;«! \/n Modtl (»/ ( ttnth>t'thniui 


The Domestic model ol (Combustioneer has betm de\(‘lop<d loi hoim*'. and small 
buildin^^s It iseconomual m luel tonsumption, pio\ kUmI with at (Mitalt* aulomal u ton 
tiols and employs the (Combustioneei Bi eat Fuel Bed ami Auloniatii Respiia- 
tor Fits all ly[)es ol small domeslit heating planis. Indiistnal motlels h.i\e Innm 
dcsignetl to meet the ie<|uiiemen(s ol Imileis up lo I{()() hp I'oui'tl umltMle<‘d pimtupal 
ol bring Intermittent leed i»imi box Auttnnatu an tonliol Settional tiiNmesaml 
dead plates 




A« Intinshutl of C iitnhiishnHftr 

Complete information, si)ociricati(>ns and engineering tlata fiunishetl on retpiesi 


\m 



Cooling Towers 


The Marley Company 

1915 Walnut St., Kansas City, Mo. 

Reproseiiiaiivcs in Principal Chtics 

Manufacturers of 

Mai ley l^atented Spiay Nozzles, Spray Towers, Spray Deck Towers, 
Spray coil Towers, I'orced Draft Towers, Spiay Ponds, I.ouvre 
Fence and all Accetisoi les. Atmospheric Heat Exchanjifers. 


Marley Patented Spray Nozzles 
iMiiiiisluMl 111 a wide 
\.iii((\ oi si/es .md 
(.lp<Ul(H‘S loi SIMVKC* 

w illi spuiv ptmds, ( (K)l’ 

11H> (OWIMS, .Ml w.isluMs, 

1)1 me lolls, acMalois, 
ell M.iil(*\ nozzles 
*iu‘ <)l (lie (entnluual 
l\pe willi .1 lom» wliiil 
(li.milxM, liee, iioii- 
(lo)»nmj* (lassa^es and 
no iMOMiv^ pat (s I he 
laii;e mmiIuii mlel is so 
designed as (o impail 
llu* piopei watei wliiil, 
piodiu int> a lull liee inealv ii|) a( dist Iuiii*e 
OI i(i( e \vi( h niiinimini it u I ion loss Mai ley 
Bulletin No. 5<>. 

Mai ley At niosphei ic Spi ay 'Powei s 
( \i s I lion 
loilMe posis, 
slip Id K'd 
wood lou\ les, 
e\(n‘niel\ <*l 
lei li\(‘ down 
spi.iv distil 
hut ion s\ s 
t e III j> I II s 
staiidaidiza 
lion ol de 

sif^n, ate a 
lew ol the 

ontst andmi* 
leal III es ol 
(hist\peol MaiKw ioohnt;towei ('oni 
{)l(*t(*l\ shop lahiKMliMl and < oiKH (l\ eni>i 
n<’eit‘d, these towiMs pioxide .i watei 
I'oohtu; unit ol lU^ged < oust i lu t ion, iiood 
(dliiKMUs and low inainUMiaiK at inini 
IIIUIU ( ost , Maile> Bullet in No 68 

Mai lev 'Pwo-Piece Spiav Nozzles 
hoi an washeis, hiiiu* spiav ini', eti 

('apanlies .iiid 
• uil; 1(‘ ol spi.iv 
(an he vaiied 
o\t*i wide limits 
All sizes inaile 
with KMiiovahh* 
hasi' pint's and 
inai hiiu'd inlei 
nallv Marley 
Bulletin No. 59 

087 





Marley Small Series Forced Draft 
Towers h u i - 
lushed with sUrl 
shells .iiid hasiiis 
loi iiidooi Ol out’ 
(loot oiieialioii 
( onij)letel\ shop 
l<d)iuat(sl lot (leld 
asseinhhiu; These 
towels meet such 
I e<| u 1 1 eiuen I s ,is 
(OinpUde ehiuina- 
tioii oi (hilt, posi- 
li\e (‘ooluuj; p(M> 
(oi iiiaiue iei>.udless 
ol l(K\i(t(>ii, evtieme (heimal eiluieiuies 
tind <|uie( opeiation hans, diives, diilt 
elimiUiitois <iud lillini;, <is well as opeia(iii(>; 
leatuies .md elluieiiev, h.ive been de- 
velopetl h\ the M.iilev em>iueeis to a hij»h 
St .lie ol pel lei (ion Mai ley Bulletin 
No 67. 

Marley Standard Forced Diaft 
'Powers Oht.iin 
.ihle m ,my d(‘sned 
(.ip.uitv Made ol 
eitliei wood oi sttH‘1 
h eat ui es iiud iidt* 
zij> zay elmiui.it Ol s, 
multiple haiikecl 
spiav lilluu*. dotihli' 

< ,ised shells, l.in 
d.mipeis, (. 1 st non 
(Msed inl(‘( i.in 
lint's, .idinstahle 
pi((h l.U) blades, 
llevihle .md inde 
pendent opei.dint* 
eon 1 1 ol ol hot h 
w .It ei .1 nd .111 
Marlev iUiUetiii 
No. HO. 

Marley llumidilyin^ Spray Nozzles 
Ihoiize const I net ion. 
.i( ( iii.itely m.K tuned, 
(Msilv taken .tpnrl Iho 
(hue line mist le.idilv' 
.ihsoihed hv the .ui 
IViisilv .it l.u lied to ( It V 
watei siipplv Avei.ine 
loom leipiiienient one 
noz/le to e\ ei y iriO sc) It 
llooi sp.ue. Marley 
Form No. 188. 






Coolinii Towos 


I'l I M'l \.Ni> ( )in<» 

1)1 iKoii , Mu II 
I (»S \NI.1 I I S, ( \l ll< 
Mii\\\UkM' Wis 
Nl W OKI I \NS I \ 



Binks Manufacturinj^ (jO. 

Plant and I'votinivo Ofluos 

:iii i-:’)i 10 ('.uioii Axfiiiif, (lhiciji(‘. III. 

Biaiuh Oflucs 

1 1‘>7 1 (‘.idt I IMili- NiwSmkk N \ I’slili\.n. ( 

1 ' (.iindHKtl Piiii M‘i I I'lii \ I'v 1 » I Minluiil ‘ 1 

JIM ImsI LM>lli SI IMi IMM K<.ii I'v 'Mlhl liiiiilii I 1*1 < mtiini M ( IU*lt 

* 7 M N luiiiilli SI S\N I'K \N< I .< n < M II '» * . 1 1 ini **11 ( 

.iJM H lll( l Itllll* \\lNH‘<»H nM\Mn.l \ \I»V 

Repiosontativos in PilimpaJ tillJcs 

COOIJN<; TOWKKS SIM<AY NOZZMCS COOl IN<; PONDS 
SPIUY PAINTINC; ICOUIPMICNT 

“Binks” Atmospheric Spray (loolinii rowers 

“ Hiiiks" Al inosplitM u Spi.iN (’oolim* I owi'is .iif iii.ulc iii 
.1 w i(lt‘ laiiiic <)l si/cs lo li.iiullr ( .ip.u il u"’ Ihmii Ti Id 1 *00 upm 
'l'ho\ <ii(' iisimI .mil i('( oiniiK’iuliMl lot all (\|)(‘* nl indu'.ln.il 
w.itcM < nnliMi* woik .iiul an* siiilaliU* in I lie ■ laiulahl .1 '<«•. Icn 
It'll ii>tM4il uni pl.inis lanmilv; linni I* In ID Inn . ami hn I )u' ,r| 
t'lij^ine plaiils 1.1111*1111* linm SO In ‘lODO lip 

riu' lowtns ( nnsisi nl a Iu'.k s simp ui'Mt’il ( nppn luamu' 
sU't'l liaiiu', nt'iiiimt' \\iniu*,lil iinn iii.milnlil wiilt wt'Mcd 
lot'iltM ai ins anti lnnn/t‘ iu>//lt‘s Ml nu'l.il p.iils ait* linl tlip 
fill t>.il\ani/t‘il all(‘i l.ilnualinn 

m I oii\ It'S ( nnsisl oi t’ltMi .ill ImaM iftlwnn 1 ni i*, lUaiii nil 
slnnl, In suit KMHincmt'iils 

Dnt' In slantl.mli/tsl tnnsliiulmn li'.iiun'* "lOnk/’ 
Atnmbplioiir Sj)i,iv 'Powcis mas Ik* tjuukh 
tMOtletl on tlu* loh, loi t'lllu'i t»ioun<l ni mol 
inslallal ion lioni a sinipk* ('It'v.ilioii piinl lin 
nibhcMl wilh csu h ninl, \Mllmiil .skilltsl i.u loi s 
siiiim ision 

Ml boils < 111(1 mils loi <iss(*nil>lint; au* ( . 1(1 
nmini plalc'd, Ioumos Ik'iiil* tnsc'ilt'd (n (lu* 
lower liaiiuMii slip 111 kiuvte lelaiiuM (li.innels 
ie(|iiinn(i; llie u.se oi no bolls, mils ni am 
Ollier laslenim* 

There <iic nioie lli«in 2000 “Ibnks" Vlnio'-pIuMK 

“Binks” Iiuloor rorcod Draft (loolin^ 'I’oweis 

“liinks” Indooi I'tMit''! Ui.dl ( (miIiiu*. Inwi-is m* made in 
sOuidaid si/es imni h upiii up In .111 1 nu Indim*. .'!l )0 v.i'ni I In v 
aie e\lensi\el\ used Ini ilu* tnnluu', nl i.ickel w.iUi Ini Die .el 
(‘ii^ines .ind I.iil*(' ta 
pa( il\ .III enmpiessni ,, 
loi (oiidt'iisiim ualc'i 
loi It'll i^t'ud mil Ilia 
t liiuf's <uid \aimus 111 
dust I ltd pint t'sst's 
'I'lus Ivpt' nl etpiip 
iiu'iil IS eM eption.dh 
well tidaplt'd in IntM 
lions wheie outdtioi 
inoiintuiL* t)i toweis on biuldiiii) mols wtndti be 
c\lieinely t ostly tine to piimi^ llie insl,dki(mii 
to *111(1 Irom tlu* towei These units m.iv be 
eomcmciillv plated <ulia('eiit to the piocess 
with proMsmn beim* made loi liesh .111 inlet 
to the tow’Ci, sueh as ojien doois 01 windows, 
whereas the stituraled <m is tomev(‘d to the 
outdoors throiu*h <i diut 

Wnic fur Comf}klc Catalog anti Pritvs on anv 
** BinLs " Eqinpnient in wfnt li you arv inlrrvM. 



1 nwt'is now III npei it inti 
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Binks Manufacturing Co 


Cooling Towers 



Minli III all Ivfit's fat I III \' itHtlini' uml iitdit dnit' innl 


“BinksS” Type “K” Induced 
Draft 'fowers 

'Tilt* “ lilllks” I \ J)(> “ K " I IK I IK CM I I )ial( 
I <)\vc‘is ai imIc siliiumI Ioi oiildooi luountint' 
(miIkm on v^iouikI oi ItMildini* tools <ind ai(‘ 
iu.kIk in si/(*s lioin ‘Ja (o SOO mnn ( apac it \ 
'Tlu's an* <‘\lt iisi\ cU iist*d lot all mdustnal 
walfM (tfoliiiL; icM|ini(MiuMils 4uid bttindaid 
si/os ,ii<‘ siiil.dfic loi ich i^Mat ion wotk 
lani^iiiL; hoin (> lo ‘JOO tons ^ind loi Dustd 
(Mii*in(' s< I \ K lioni 1)0 to .>()()() iip 

Imii .isscinlflu's ,ii<‘ in<iifnl(M| (o (op oi 
lowii diKMlIv (onn(*(M(‘d to IumiI 

inotois wIikI) .lie* spl.isli, moist UK* <ind 
wo.U Ikm pifiol < '.iji.K It los <)l Ians iioin 
0200 lo 00,000 litii, dopiMidini; on (own 
si/( , .iiid 4ii<‘ I'xticiin'lN (piK't in opcoition, 
di.iwmi* ,ui iipw.iid (liiotiv;!) (owcm lioni 
opni loiiNii* sot I ions ,i( Ifottoin Phis 
piiiKipIt' ol imsininKid tli.dl town con 
siimMion <‘lminMt<‘s wind nmscs in tiu* 
< iisinn iIikI is icpicsfiitat in ol one ol (lie* 
most oliit ic*n( nuM li.iiiK ai di.dl (owcms 
iii.idc* '1 iu*\ ai(‘ < onsliiK tnl ontiioK ol 


C’onsult liinlvs loi ,in\ S|)iaN I’.imlinn 
Ol lonishin^ Nootls 

Spia\ i;iins ol all t \ p(‘s 
('ompic‘ssod .III sii|)j)lv sNstcMiis 
(’ompit‘ssc‘d an c IcMinnn sn steams 
SpiaN boot lis anti c‘\liaust s^'st(‘ins. 
W.itcM wash spia\ booths, lot tot laiiMint* 
poitol.im oiuiniol; alst> lt>i svnlhotn cMiainol 
andollu'i niat(*ii.iKs 

Paint siippK s\s(t‘ins inthvidu.il pios 
suit* tanks Ol pipo lino c iioiilat 11114 sv si 01 ns 
('otiNONoi sNstonis lot i)andbnv> i(c*ins 
tti ho spiMNod 

t'oniploto .uoossoiv o(|UipnK‘Ht toi (ho 
iinislunc* ilop.iit niont 



i>.d\.ini/oil slc‘oI ol lu‘.i\ N Uiinuo. (oni|>l(*to 
With 'i-in pans, and <110 shippcsl knot kt*ti 
down with loiniiloto assomblN di.iwmns 
ioi (u*ld installation wliitli t .in be* .utoiii 
phshod iiN tiidin.ii v l.ilioi 

Spiay Painting Kquipment 




liioi Model , 
S/»o<V (r’/f/; 


il nh' hif ( 'owjiUdc ( 'uta 

lo» (tml /’f/tfs lilt (Uiy 

Hulks'* lufiii /iiucHl in 
a'liiili von an iiitrirslrd 



Exfiamwn Jointb 


^PSCO 

PRODUCTS 
for STEAM 
SERVICE 


American District Steam Company 

Noriii Tonvhvndv N")! 

Ovci \tMtsiii Business 

Bt am lies anti \}>enis in l*ilnti|Ml < nles 


ADSCO Piston-Ring 
Expansion Joint 


AI)S(X) Packicss Expansion 
Joint, U-Ring 



The ADSC'O IMhlon-Kin^ ICxpaiihioii louil 
can be packed under lull opciaLint* luessuic 
without intenuiition to soivice 'Flic 
piston iingb hold the line piessiue duinu» 
the repacking o()ci<ition The ADSC'O 
Pi&ton-Ring Kxiiansiion [oiiil is avadable 
in all si/eb in single and double blip 
design, senu-stccl oi cast sttrl bodi<‘}> loi 
all picssurcs up to ^00 lb and (einpeia 
lures to 750 I‘' , with flanged ends oi ends 
beveled for welding VVnte loi l{tilletin 
No 35-15 



d he \I)S('() I’.iil.hss l's|Mii<Min |oim(, 
U Umg 'Fvpf 1'. A liilU voiiiled, wrlded 
sle(‘l, pai kless loiiit \miIi a '.(.mile'.. alloN 
sl(‘el e\piinsioii «‘lciiu*n( whu li i*. mule ut> 
ol A sen(‘s oi die IoiiiumI, leaniles'. I ime/. 
\v<‘Ided (og<‘ll)ei, \\,iikil»h* with di ‘.leel 
ImmK, liilh en< lo'.e<l <‘lemen( iii m e,:; m 
to PJ in Im high pi<* * mii( s and hiidt ((in 
pel, limes, llange»| oi lu‘\(*hMl uid . vsilh 
li,i\eis(*s ol I 111 OI uioie Ioi 

niillelin No Iiri 5(1 


ADSCO Rotary 
Condensation Meter 



For mcasuiing the steam coiiclensaium oi 
a heating system oi healing ecpiipmenl 
Used by District Healing t'oinpanies as a 
basis ol charge lor alenm sohl instil u 
tional groups lor stciun cost distiibiilion 
and industrial firms for steam eonsumed 
in process work Accuiate within I pei 
cent Dependable ( ompael Reads 
directly in pounds ol conclenscd steam 
Furnished with scau-stccl or alumimim 
body and cover in seven sizes, 250, 5(M), 
750, 1600, 3000, 0000 and 12,000 lb 
capacity per hom Write for Ibillelin 
No 35-80 


ADSCO-BANNON 
'I’ilo ('onduh 



ADSCO HANNON dih* ( midmi Im 
imdeigimmd pipe Iim‘s i*, dmk \\,i 11 (m|, 
separal»l(‘, mIhIumI, s.ili gl.i ' imI (oiidini 
wilh Of wilhoiil 1 ms(‘ diam, willi '.eim 
sleel lolleis and pipi* siippmls im <m<‘ oi 
more pipis, siiil able im usi* \M(h s(*((imial 
molded msuKilion oi tilh‘i inMilalion \ 
stiong eondiiil as a means ol obtaming 
liigb insiilalmg eliii ieiu'N , easiU msinlhsl 
at low laboi (osl and adaptable lo \aii<‘d 
mslailalion eondilions. Av,dlal>I<* in (on 
duit si/es I'lom (i in, lo 21 in. I D Wnli* 
loi Hullelm No. 35 (> 7 , 
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Expansion Joints 


E. B. Badger & Sons Co. 


75 Pitts Street 

Engiiicots and Manufacturers 



Boston, Mass. 

N V OH'ici . 271 Madison Avtiuie 

Rl I'kl'Sl'NI VIINM'S IN PklNl n‘VI ('llII'S 


PRODUCTS and SERVKJES CSorrugalcd Copper and Stainless Steel Expansion 
Joints, Pipe Bends, (iShemical Apparatus, Copper and Sheet Metal Work, 
( kipper Boilers and Hot Water Tanks, Engineers on Process Work. 

BADGER DIRECTED FLEXING EXPANSION JOINTS 


Sin<e the Ihulger (’oruij»,ileil Ty]>e ol 
h.xpaiision [oinl Wtis fust jihiocd on the 
maikel iiioie (h.ui *10 ye.iis ago, several 
iiiipoilant iinpiovoineols have Iiecn in- 
(otpoi.iled in this loint by h' B Badger & 
Sons ('() , lMininet.Ms, ea<li adding to its 
Iile and nlilily 

1. Ailoption ol imgs 

2 . Maihiiu^ nu'lhod ol inakint* ntnioini 
( Ol I ugat ions 

^ I Ise ol seamless ( oppci lubes 

4 impio\ed inai lime inelliod ol inann- 
l.ielini^ K'sulling in minimnni ioinimg 

si U‘SS(‘S 

5. Monel sh'<‘\<‘s lot pioleilioii againsl 
supei he.iled ste^nu 

6. Welding <*nd loinis 

7. Adoplioii ol s(ienlili( IkmI iKMlmenl 

8. Use ol siK‘< lal di'oxidi/isl <oppei 

9. I )iM*i l(‘d I*U*\ing 

10. lls(*ol Slainless Sieel 

Advantages of the (kirrugated Joint 
IClinnnales p.ieking, avoids si earn losses 
No SeiMnng, ('ompael, Aeeessible, No 
Manholi's needed 

Dnected Klexlng 

d'lns leal me, exehiMve vmIIi lomis made liy 
I*. B BmIgiM iS; Sons ( ‘o hasluouglil alxnil 
.1 maik<“<| mei<‘as<‘ m llielileol llieioiiii 
galed I \ p(‘ ol jonil ( oi t ug.il ions ate *‘«ill 
( III \ e«| " and 
\\ luMi ll<‘\ing 
adnalK wiap 
and iinvviap 
I iKMiiseU (*s III .1 
pi ogi essi\ el\ 

(Mint I o I I (mI 
m o V 111 r n t 
'P li e II n g *. 
gimle.is well as 
bmit l'\ulot\ 
t<*sts and .u 
1 ii«i 1 sei \' n'v 
have pi o\ e<l 
I hoi o u g h I V 
tlial I he hie ol 
1 >11 ei led I' Ie\ 
mg jomls now 
is mueh longin 



Diffeient Types Available 
Both Hanged and welding end joinls .iie 
a\aiial)le in *1 m si/e .ind laigiM In Ihe 
(langed lyiie lor sniiillei si/es we (.in 
liiniish a ‘1 111 |oinl filled with (ompanioii 
ll.iiiges, bolls and g.iskt^ls, lor w'haliwi'i 
si/e IS uspiiieil In Ihe welding lyi>e we 
(.III linnish a I in )oinl lilUsi wilh swaged 
beveUsl nippl(‘s loi whal(‘vei si/e is 
Kspiiied '\ll lomlstan be ixpiiiiptsl wilh 
lel(‘h( oiling monel niel.il s](‘(‘V(‘s lo pioled 
.igainsl supiM h(*al(‘<l shsim 

Flanged Types 

Fitted with .ihgnnient b.us on the 4 and 
5 in sizes, C'hoiee of standaid oi extia 
luMvy ll.ingt\s Kiom I loll in (expansion, 
tiu lusive 

On P) in, pipe and laigei, no .ihgninenl bai 
IS used Slandaid 125 lb oi exti.i luvivy 
251) Ib llanges as ie(| lined, h'lom I (i)‘l m 
expansion, iiuMnsive 

Welding Types 



Foi iusi‘ wilh both saUn.iteil and sup(‘i- 
Iiea(t‘d ste.im Single type fiom *1 in. up, 
to take (‘.lie ol I in expansion or nioie 
Pijie nippl(‘s wx‘ld(‘d diu*c'tlv into pip(‘ line. 

Double iinils loi 2 in t‘xpansion oi inoie 
IC<iuipped wilh s(*ivi(T oullets il d(‘sned 
C\)nipl(‘le iinils liiinished, mounted on 
base plale, wilh amdioi .iml guides 

Single and Multiple (kiirugated 

Expansion Joints for Eow Piessure 
For use bet ween I ni bnu* or <*ngme exh.iusls 
and eondensei oi on low pi(*ssur<‘ Inuxs, 
Kxcellimt foi absoibing shock and vibta- 
tion, Flangi»s m round, oval or reelangnlai 
shapes (iuaianteed up to .*i() lb pnxssiiie 
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American CJoolair (Corporation 

COOMNC; VM» \KM'H VI tN<; I' VN S\SI IM.S 

:)l)(ll \l.i\ llnwfi SiM'fi. Jacksoiuillo, 

I'RODllcrs 

Silent Ko\eisil)le Belt Dine (Cooling and \ enf ilat iiip, 
Fans lot homes, sioies, oBu es, faetmies, et<. 
Oniet, hii^h speed diie<t time Ians 


ilenh 

hel ween < < 


( oolnn; atnl \ enl i 
Kilim; ('ooliiiL* i(‘<|iiii(*s (oiiiplole 
«ui < as lapulK* as e\tM\ h.dl 

mmule (o (‘veiv mmuto and nn«* 
hall ; xenliKilion Kspnies au ('liaiu'cs 
only evtMV Ivvo lo live tuimiles, 

(iepcsuliin; on t he < oolau 

has im(mu‘(M(m 1 home <o<ilim* hs an 
( IK uhU ion 

( )neol iheoiilslamlinnaiK ania);<‘s 
ol ('()()! j\l 1 < \ eiKilalmu Ians is dial 
(lu‘^ \m 1 I (l(*h\ <‘i laii*t* «pi, ml nil's ol 
<111 undei hee (U‘li\ ei \ wil h sm.ill hoisepi»\vei ind, < oie<eipien(l\ , li*\\ 
ojHM<it in^ ( osl Idiinmal ion ol (osih <m(l ntmeieviats dm i ss amn . 
will olleii nioie limn p.i\ ioi th('(*(HII \M< eipnpinent It e< nii{ioi 
lant to pio\ide <(mpl(' ('shaiisl .md intake openim* to i\oid n 
sliu liiij* lh(‘ <111 \oliinie N<'l liee <111 p tssae,e a um should ne\ ei lie 
less I hail <ire<i ol l.iii Ion ni.iMiiniin <pti(*lness line atei .lioiild hi 
eiioiij^h l<ii(;ei (h<m tan to asmiK' a ^llll \elonis oi not ninir ihin 
750 I pill 




It . 1 ' I 'iMi'i'i li »(i » 
. . ,.*i . I, ./e , 

/' •!' e. * 



tSIandaid Tvjh' Funit 1 u>w 
Duimiten ♦S'l/ lo Nimi* 
Fctlomaiwi’ Dalo on 


Description 


AIK Ihit Diivel'aiis meei i he \ <mii dal me. 
aiul (‘ooline KspineiiuMils ol in\ a hmldiiu*. 
'Thes .ue pisl as <*lln lent when hlowim* m . 1 . when 
(‘Vhiiiisl me, '1 lie \ hell diiM* peiimi . use oi 
slamlaid eUslm moiois oiuiatnu* il llu* mosi 
(‘IlK'K'nl spiM'd, and e.isih n'pku ed m e\(*ni ol 
moloi liouhle Slowtn '<pei d niolois ait <o»d\, 
dillii nil to K'pl.u (* and less elln umi Uiih ample 
esthani*!' ol a motor the ('(K>1 AIK nnii <an he 
<*on\eiled Irom a silent, slowK inning; leademe 
unit usmv, .ism.ill inotoi, to a Ine.h spt*ed indiisinal 
unit using ,t huge moloi 

Wit h .) ie\ cM'sihlt' niolot , .lii < .m Ih* blow n into m 
exiiausied tioiu the huildme, M will \u tan Im 
inilled rioiii the cool sid<‘ ol the hiidding in the 
morning ,md the i.m it'veised when tin* *am mo\ e . 
to the opposite side in tin* <ilteinoon 



American Coolair Corporation 


Fans 



Tu\u It ’ I') out \ nil 


Ovei-All Dimensions ( In ) 



S( 111(1,11(1 (\ ]I( Imiik 
N «•/( I )( i»( li ii( 


Capacities and Weights Coolair Belt Drives 


1 dn 
Size. 

2B 

2 ' iU 

m 

V Jt 

4B 

4< .n 



Cu Tt Air 
I>er Min 

5250 

4450 

5750 

<)4()0 

7(KM) 

7800 

a7(K) 

OHOO 

IKHK) 

il2(K) 

12100 

I4<)00 

105(H) 

I5H(M) 

I7(HH) 

IHMH) 

22500 

I7(M)0 

10700 

22700 

25(H)() 

2H(M)0 

25000 

25(H)0 

20()00 

52800 

5KOOO 


' \ ( IV (|(ll( ( |<)III<*1 I I llulllslM ll 

Data III «i( ( (lui.iui < vvitli Sl.iiid.iid ( iidi' list Viuiiu in 
S(i(i((v (i| III ,1(114 iiid V ( iilil,itii4> !• iii'iiK (MS 


Advantages Coolair Direct Drive Fans 


( 1 ) I o\v lint mI ( osl ( «] < ,il an (ieliN ei V 
|)(>i (lollai ol povvt I 

( 2 ) iMoiioinnal opuadon Use oi a 
siiiali iiniloi al llu* itiosl eilii umiI spetMl 

(^) ( )|iie( pi'i 1(11 main e < ihmI Milmm^s 
iii e.tMilh ino\ iiu> an witlnnil olijis (loiiaMt^ 

mMs(> Ol (li.ilis 

( 4 ) Ma\ Ik ecpiippeil wiih leveisilile 
iiioloiM lo e\li.itisl Ol iilou in ,i( will 
( 5 | All \ oliinie < oM( toiled In iiumms ol 
I wo speed pidle\ on siiialltM iimls 

((>) Kiihhei iiisii 1 ,i((mI iiioioi stippoii 
Xdpislahle (o Ixdl (eiiMoii 
l 7 ) lMpiipp(‘d w ll ll SKP hall Ik .It inns 111 
diisipiool, I'.iease p,n keil honsiiii's 

IS) Im'.n lo m.st.dl I In* sleel blades 
ami liaiiie ai(* dm.ihle, \(*l ln;lil in weiL*lil 
( 0 ) Si.mdaid iiiolois ImicIosimI wlieii 
-.pt‘eilie<|, \'o MMii |ioU*s aie iie«(*ss.uv In 
ke<*p ( hem < ool 

( 10 ) ih.nl(*« ait* imlivtdualU mountiMl, 
mespeiisiN e lo i(‘pla( e 

111 ) 'I'\ pe “lU' umls. when eipiipped 
with hall ht'aiine, luotois, .lu* smt.ihU* loi 
opi*ialion III aiiN position 

( 12 ) lOades <d 'I \ pe “ 15 ” hell (lii\e 
units ai<* non o\ (*i loadine, 

(hi) l\<‘siih lu'i* mills aie hj^hl, spiiin; 
suspended loi ultia ipiiel opeialnm 



(’ovendhyU S l*a(enl No I ,sr)r>,(>()l), 
desit»n(*d loi ma\iimim .in p(*i h(>is(*powei 
with ininiiimm nois<* 

“ 15 ” I )iie( I 1 )i ive < '( >( >1 Al K h ans 
.lie in.ide in loin si/in Al 1200 i pin lot 
lesideine kiUheiis, sin.dl stoies, <‘l( \{ 

ISOOipniioi ( oolint>, di yiin;, loi iemo\nii> 
dust and lunies Molois tol.illv eiKlosinl, 
hum seivne l\pes 'I'lie l,(»hpaiid l.iinei 
.lie li.dl hi'ainm, will opeiati* in (\(i(*im*s 
oi pohilion, tempeialiiie ami huiniditv, 
( nsinon monntiims 


l tmlini Hrsidnui ( ml untl .S us /ini'll nn (th*nrtl hy U V ralciil .Va, 




Fans 


DeBothezat Division 

American Machine and Metals, Inc- 

Kxecutivo and Sales Ofhces I0() Sixlll Avc , NcW York, N. W 
Factory !• \S1 Mol INI* IN 
Branch Olfices and RcpreHcntaHves in All I*iiiuli>al tlllloH 



FaiiitntuI Blowers I lolMvoium o\ftlo,nl 
iiij» jumoi rliaiat U‘iislu\s (‘omplcU* oixM^ihiu*. salcly 
iiiidei vaniiii* uoikiM)^ (ondihoiis i.s ahsnuMl 

Disc Pressure Fans "Vlcdixt* Snn*'>" Mod all pics 
siiic letpiiKMiieiils cilincnilv ni;nle m v.uioiis si os lioin 
Sin to 10 It Bulletin SS 101 tout, ims roinplete toe linu ,il 
data on l.-Tyi>e fot low piohsiiies and ill and II r\ pes 
loi high piessiiies 

Cviant Fans Are made in r> 1( to 10 It dMinetois and 
aie (Inedly ronnede<l to moloi, < Immi oi I t*v lopi* dove 
1'echnical <lata comeinim* tliest* Ians is lonlamed m 
Bulletin SS 101 


Type H of tht **iiele(hve Seriea ” 
30 in , 3 hp rpm MW 
c/m against / in sltUv pressure 


Bifurcators ('an he plated in a sliaiglit dint without 
introtlucMiig light angle Inins in the dints oi MM|iiiiing 
extended shafts and he.inngs, As nioloi is lotated ontnide 
oi an vStrcain, sale, cate liee opeialmn is .issiiied 



Bi/urtnfor For spetuil ven/i/ating johs when 
umes of exeessxse temjKmtare eorronse or 
ex^nve (hararler are to he remain^ 


Vari-Spced Fans Spml stdtslion is strmtMl thiotijd* 
vaiiahle pitch inotoi imllev (diiiel ( om)M('l 
Rehahle 

Duplex-'RotsKlon ImpelleT Bloweis Consist 
ol disc piessnie l<in wlit^els lol.itim; in oppoate 
sense's so designei I that lluMotat lonal losst's aie com 
pletely eliniinatetl 'Phe unit is duet tiv dii\t n hy a 
I)iil*I.KX-R()'l A'l'ION niotoi, whuli eliiumates 
belts and geais It is ei pupped with hall healings 
thioughout and is siiitahle lot hon/tnital ot xtatual 
mounting This unit (<in leplaee any tan ot s.uiie 
diamelei now prtxlueing ohjet tionahltMioise, witliout 
alteiations Impellei Blowers aie also supplied with 
belt Ol getii chives Wide loi Bulh'tin DK lOI 



£Stage Duplez-ffo/a/ton Impeller Jibuvr Large 
air solutnes against fagh sltiiu pressures at low 
penphgral uHofxties lUxtremeli/ high ejfinenry oter 
mitre range of ophalwn 



Oil 


(hatU Fan Powers from h hp to IttO hp 
Volumes to tltOJIttft e I m ftressurrs 
to 3 tn 


Fans 


Autovent Fan & Blower Company 

lS()<)-2o N Kostnor Avc , Chicago Illinois 


FANS BI.OWKRS 



UNIT HEATERS 


AiJfovent “31” wSones PropeHor Fans - 
Will not cliuin air oi <)\(‘rloa<l the motor 
Ius|)<*( lallv KTommomlod loi nonomKal xen- 
(ilation Rm»m'<llv ( onstriii led ('apatides 
lioMi r)00 to 3S, ()()() dm Wi ito loi bulletin 
No ‘300 

Acid- Moist uie Pi oof, Explosion Piooi 
Fans \VIk‘i<‘\(*i ,i<id limioh oi omcss 
moistiiie laden «in <‘\ists, lh(‘ A( id Moistute 
1*1 ool Piopellei I'ans eipiippeil witli hilly 
enilosed molois .md Ian wheels with Balvelit<‘ 
eoatim* (or ol siieii.il < oust i lu I ion ) aic 
i<*( ommendeil Wh<‘ievei e\|)losi\e leases and 
(luMUHal luim‘s must be leinoved, V«ipoi 
ICxplosion fhool ihopelh'i h'ans (undeiwi iters 
l.ibel “('lass 1 ^iioup l)“) with Ian wheels ol 
< of)|)ei , bmss Ol oth<‘i non letioiis mef<ils must 
be installed Wiiti* loi bulletin No 201 

AirrOVKNT “31 SERIES’ 



PROPELLER FANS 


(‘onstant OI Two Speed Alternatin}) Current Multiphase 
220 or 440 Volts 60 Cycle 


S«/r 
I vpr 


l(»l IMN 
Kii IMU 
I HI IMN 
I HI IMK 
;0I IMN 
;0MI IK 
>IMI II 


.>41 IMN 


^01 IMI 




”BW” (Bucket Wheel) Propeller Fans A slow speed opeiatiiu* 
ian Iho\nl<*s etlu lent ventil.ition loi unlimited uses, liom 500 to 
10,000 (ini Stuidilv eonsliueted, minimum powH‘i, .ivailable at hm, 
<|uiel opeialimj sp<‘<‘dh Wnte loi bulletin No ‘202 

Autoveiit Unihlade Volume Blowers Motor driven unueisal 
de.(haiv»e, loi lunie Iioods, (hemual labs, pKxossmj?, diyinu;, loieed 
di.dl, <*t< 1 land les low' volumes ol an .it medium piessuies Wheels 

lanye iiom I) in to 11 m dia same desii»n as he<ivy duly bloweis 
(*an be mounted on llooi, wall oi (Tilim; Du eel ( 'oiinectixl Blowers loi 
Hemnal \enlilatinv« appluMlions, available m wheel di.imeteis up to 
‘2.1 in Ihillelm No, 500 Foiw'aid ('mv(‘ lii‘l( Driven Hlovveis No .iOI 
Autoveiit “V” Belt Driven Unit Blowers lA>iwaidl> eiuvixi blade 
tviH* with smootli an How and (piiel beaiim»s Motor mounted on steel 
pt^h'stal, inteitTal with blowei housing, malving a (onipait unit An 
debvei\ (an b<‘ d<*c‘ie.is(*d oi iiuiiMsed li desiied Inttneh.ingeable 
niotois Stuidilv (onsliiuted ol sheet steel, lolled loi'k seams Wiite 
lor bulh‘tin No 500. Backward ('iiive Belt Diiven Blowers No 502 
Autovent Super-Type Steam Unit Heaters I'his susptmded type 
liealei loii'i's.iii eiK illation .ind directs waiin <iii to lowei p<irl ol room 
IbMling cU iixml ol Hat <opiKM fins, alt.u hed to seamless, diawn (’opper 
tubes 'I’lihes lun veitw'allv loi petlecl diamage No w<»lded oi bia/ed 
loints in ('oil or luNider Funs have non-ovedo.iduu* powei le.it me 
Motoi tuiuislu'd to te(|uuement Write loi bulletin No. 101 

915 


Fans 


Bayley Blower Company 


1S17 S. Sixtv-Sixth Street Branches m Principal Cities Milwaukee, Wis. 


Builders of Heating, Ventilating, Cooling, Purifying, Humidifying and 
\ir Washing Equipment, Exhaust and Drying Apparatus, Mechanical 
Draft and Blast, Fans and Blowers of all Types 


Bayley Plexiform Fan: 

Is a multi-blade tan tor 
supplying air for heating 
and ventilating systems, 
manufacturing processes, 
diying s\ stems, forced 
and induced draft sys- 
tems It IS suitable for handling high or 
low temperature gases at medium or low 
pressure Will deliver maximum quanti- 
ties requiring minimum space with great 
economy 

This is a distinct Ba>le> product, high 
class material and workmanship, properly 
designed to avoid excessix e vibration and 
overstressing of parts Inlets and outlets 
are properly sized for maximum delivery 
and maximum etificienc\’ Fans are fur- 
nished in single or double width of any 
required arrangement and with sleeve or 
anti-fnction bearings 

Aeroplex Fan: 

Is of high speed design with self limiting 
power characteristics Application parallel 
to the Plexiform Fan Highly efficient and 
quiet in operation 

Ba>ley Exhausters and Pressure Blowers: 

Type "B” exhaust fan 
is for heavy duty, hand- 
ling refuse from industrial 
and textile plants Type 
**SE” is used in handling 
smoke, fumes and dust- 
laden gases Type “H” 
for high-pressure w’ork 
These units are highly efficient and of 
high class design and w^orkmanship 




Bayley Turbo Air W^ashers, 

Humidifiers and De-Humidifiers: 

The Turbo 
Atomizer 
used in the 
Bayley 
Washer pro- 
duces a 
steady, fine 
spray Water 
at low pres- 
sure IS deliv'- 
ered to the 
center of a 
rapidly re- 
volving cone-shaped rotor provided with 
atomizing pins set in its periphery This 



The Bayley Turbo Air Waeker Shoro- 
tng Turbo Atomizer and Eliminator 


atomizer requires very little attention, 
and will operate successfully under low 
w ater pressure The orifices are large and 
this atomizer, unlike high pressure nozzles, 
cannot clog 

Bayley Chinook Heating Sections: 

The Chinook sec- 
tion is used with 
blast heating, venti- 
lating and drying 
systems, and is suit- 
able for high or low 
pressure steam cir- 
culation The base 
is divided into tw'o 
chambers Steam 
enters (see cut) the 
low-er chamber, ris- 
ing through 5'8-in pipes located wuthin 
the pipes leading from the upper 

chamber Condensation takes place in 
the larger pipes, the water falling into the 
upper chamber and draining away through 
the return outlet The Chinook can be 
repaired in the middle of the bank without 
breaking steam connections or taking 
dowm a section 

Shipped assembled in smaller sizes, and 
knocked down in the larger units May 
be installed in horizontal or vertical 
position 

Bayley Chinookfin Heating Sections: 

Are the same design as the Chinook 
Heaters, using heavy gauge copper fin 
tubes As compared with Chinook it is 
much lighter and occupies less space 

Bayley Plexfin Unit Heaters: 

This unit in- 
corporates 
Chinookfin 
radiation and 
Plexiform or 
Aeroplex fans. 

The fan assem- 
bly including 
top plate and 
motor IS re- 
movable as a < 
unit for main- 
tenance and 
inspection The heating element is a re- 
movable unit Casing all welded extra 
heavy gauge This is an exceptionally 
high grade unit at a moderate price 
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Fans 


Buffalo Forge Company 


450 Broadway, Buffalo, N. Y. 

Branch 

oil Std'-djrd BMi; 

72-1 Fir^t Xatiopal Ban! Bldg 
-ISO M im <t Me Inise 
p Co 124 Bn \ard Court 

20 X VSucler Dn\e 

022 BrOiidvt i\ 

418 Rocktftller Bldg 
■4 15 South Har^Kiod 
i()5 SKurit; Bldg 


Boston 

(’h\plotte— 1 \\ Frji 
('hica,oo 
C' lNriNNA.TI 
Clme-lnnd 
Dvll^-s 
DvMlNPORT 

I)FN\iH— Heiidrie (k Bolthoh Mtg L ^up Co 

lfj->5 t'e\pnttpnth St 
Dts Moinfs 214 Old Colon} Bldg 

Detroit— C oon DeX ibser Co 2«l5l W LaiuNctteBKa 

ORfctNMLLF— George R Morgan 3 lo Walker Bldg 
CiTi )15 Dvught Bldg 


OfiBces 

KiTf *-«-N1 «» 0\T (\ il 

Know^lls— f F r ii 
Los A.NCT',.t« 

Minn::»p-jU' 

Xf\V 0»Lt ‘N s— D t\kr B-r^ 

Xm \o«k 
PhtlVDLL»»HI4. 

PlTTsPrPGH 

S^N Fhwi i<sfo— Moon Mach' 
.'ST Lons 
^4.LT LckJ!. ClTI 
■'^E^TTLL 

Toledo 
Tlcson 4piz 
W CSMNGTON D C 


B’" I ^ - A. 1" ' C < I Ltd 

>1' Liro -eBldc 
7"s P. rsr '’g .'s Juore B^dg 
ol'i Fo^’-'aN Tow 
iMji Ma’-.iuneBMg 
'Q C jrt'andt ''t 
22i> > 'teentn ^t 
431 Fu'top Bldg 
iitr\ Co 5^0 Fiftn St 
’^96 Arcade Bldg 
•^alt La' € Hdtup Co 
Sis I First Avi , b 
l‘)22 Ln\iood Anc 
T idmarsh Engnt Co 
''20 Woodward B’dg 


PRODUCTS: Heating and Ventilating Equipment, including: Unit Heaters, 
Multiblade Fans, Pipe Coil Heaters, Buffalo Air Washers, Buffalo Unit Air 
Washers, Buffalo Unit-Coolers, Drying Equipment, Mechanical Draft Fans, Air 
Preheaters, Exhaust Fans, Blowers, Dust Collectors, Disc Fans, Spray Nozzles. 


Buffalo Ventilating Fans 

Xo matter >Ahat type of fan >our \Aork 
calls for, there is a Buffalo Fan of that 
t\pe, ot the right size, quiet, efficient, 
practical Write for our tan catalogs 

‘Timit-Load'* Conoidal Fans with | 
Silent Floating Bases I 

The Buffalo I 
“Limit-Load,” ; 
high-efficien- | 
cy, non-over- 
loading venti- I 
lat ing fan 
mounted on 
the silent, in- 
sulated float- 
ing fan base 
eliminates all 
motor and fan 
vibration , 
making an almost noiseless installation 

Breezo Ventilating Fans 
Breezo fans provide efficient, inexpensive 
ventilation on any job where they may be 
used to exhaust into the open. Made in 
si/es from 8 in to 36 in diameter. 

Buffalo Comfort Conditioning 
Cabinets 
-tor cool- 
ing and 
heating 
Heating 
coils are 
t wo-row' 
copper fin 
type ca- 
pable of 
heating 

from 70 “F to 135 “F with 2 lb steam 
Cooling capacities — from 3 tons up 


Buffalo Air Washers 

Buffalo Air Washers are in use m thou- 
sands of buildings, many for more than 
thirt> \ears Bulletin 480 gives details 


Buffalo Unit Heaters 

Gas Units : 

Made in suspend- 
ed and floor types 
All models equip- 
ped with full auto- 
matic safety fea- 
tures Provide 
clean, silent heat 
at moderate cost 
Steam Units: 

Both suspended 
and floor tvpe 
units in a large range of capacities 


Buffalo Unit Coolers 

Suspended 
Type: Quiet 
unit coolers 
tor use with 
cold water, 
brine, methyl 
chloride or 
Freon Com- 
pact, simple, 
mexpensiv'e 
Floor and 
Flat Sus- 
pended : 

Available for 
same kinds of 
refrigerants, 
but wnth larger capacities 





Steam L nit 
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Fans 


Champion Blower & Forge Co. 

Manufacturers and Engineers 
Plant and General OfiBces* L^HCd-StGr, P9-* 


Manufacturers of Blowers, Ventilating Fans, and Exhaust 
Fans for Air and Material; and Blast Gates. 



Type “SE” 
Electric Driven Fans 
Sizes — 6 to 60 m Wheels 


Tvpe “S” Manivane 
Belt Driven Fans 
Sizes— 6 to 60 m Wheels 


Type “BC” 
Backward Curve Fan 

Sizes — 12 to 60 in Wheels 



Type “CE” Manivane Fans 
For Direct Work and 
Quiet Operation 


Champion Type “SE” Fans are arranged with 
direct connected motor mounted on convenient size 
motor base, adjustable to fit center distance of motor 
to hich fan is directly attached I n all other details 
constructed like Type “S” fans 

Champion Type “S” Manivane Steel Plate Fans are 
specially adaptable for supplying air or for exhaust- 
ing purposes handling air, smoke gas or fine dust 
directly through the fan or for heating, cooling, 
ventilating or drying purposes 

The Backward Curved Blade Wheel on Type “ BC” 
Fans allows a speed which permits the use of direct- 
connected standard speed Electric Motors 



Single Width, &nfije Inlet. 


Double Width. Double Inlet 


Type “G” Manivane Blast Wheels 

Built strong and substantial to withstand air resistance. Free from vibration and noise. 
Especially adapted for oil burner, stoker, general heating and ventilating purposes where 
noise is objectionable 
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Fans 


ILG Electric Ventilating Company 

Propeller Fans, Blowers, Unit Heaters, Air Conditioning Equipment 

2880 North Crawford Avenue, Chicago, 111. 

Sales Representatives in all Principal Cities 


ILG SELF-COOLED MOTOR PROPELLER FANS 


Used e\er>"\\here for removal of toul 
air, fumes, heat, etc Features include 
the patented Ilg self-cooled motor 
dynamically balanced, \ ibration-free, 
bucket-type wheel, and a strong one- 
nameplate responsibility’ Motor, w heel 
and frame are all Ilg-built 

The self-cooled motor design com- 
bines the low operating cost of the open 
motor with the protection of the fully 
enclosed motor The fan action draws 
clean air through vent pipe from out- 
side, circulates it through motor 
(follow the arrow's) and exhausts it 
The Ilg motor stay s clean, cool Ilg fan sizes range from 12 to 
72 in in A C and D C Ratings are in accordance with the 
Standard Test Code of the A S H V E and the National 
Association of Fan Manufacturers 





OTHER ILG PRODUCTS 

Ilg Universal Multiblade Blowers — Type B Universal Blowers 
combine compactness, quietness and efficiency Motor is recessed in 
side of blower, requiring no separate base Multiblade w'heel is 
mounted on motor shaft There is no inlet bearing Available also for 
belt drive Capacities 1750 cfm to 70,000 cfm, single and double w idth 

IlS Type “B” Volume Blowers — A new design 
in small volume, low’ pressure blow’ers Light 
w’eight, quiet running Dynamically balanced 
multiblade wheel is mounted on motor shaft Motor 
and steel housing are supported by cast-iron base 
Universal discharge Available in 11 capacities, 

180 cfm to 2100 cfm 





Ilg Type “BC” Universal Blower — Motor load 
remains constant over unusually large vanation m 
air volume and static pressure Type “BC” comes 
in direct connected drive {left), also belted drive 
w’lth ball bearings {right) Blower w’heel has back- 
W’ard curved blades riveted to side and back plates 
Universal discharge Available in 11 sizes 

Ilg Unit Heaters — Steam and Electric — Copper 
tube and fin construction and enclosed self-cooled 
motor Ilg-built throughout For steam or hot 
water Tested with 500 lb hydrostatic pressure 
Available in 67 capacities, also, Ilg electric unit 
heaters for all electric operation, available in 20 sizes 

Ilg Cooling and Air-Conditioning Units — 
Self-contained Ilg Spot Koolers in ton cooling 
capacities with water or air-cooled compressors 
Also central unit systems using floor cabinet or 
ceiling suspension units w’lth remotely located com- 
pressor For cooling, dehumidifymg, and recircu- 
lating Also, for heating and humidifying 
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Fans 


Albany, X Y 
Atlanta, Ga 
Baltimore Md 
Boston, Mass 
Buffalo, X Y 
Camden X J 
Chicago, III 
Cinannati O 
Cleveland O 
Detroit, MilIi 
G reensDoro, X C 
Hartford, Conn 
Indianapohs, Ind 
Kansas City Mo 
Los Angeles, Cal 
Milwaukee Wis 
Minneapolis, Minn 
Montreal, P Q 


B. F. Sturtevant Co. 

Hyde Park, Boston, Mass. 


SlurlevanI 

■ c o u >AT art 



PLANTS LOCATED IN 

CiscDEN, N J Htde P4RX, Miss Framingham, M <68 

SrcPTEt ANT, Wis Galt Ont Berkeley. Caup 


Newark, N T 
New York. N Y 
Pittsburgh, Pa 
Portland, Me 
Portland, Ore 
St Louis, Mo 
San Francisco, Cdl 
Seattle. Wash 
Spokane, Wash 
Sjracuse, N Y 
Salt Lake City, U 
Toronto, Ont 
Washington, D C 


A M Lockett & Co 
New Orleans, La 
Houston, Texas 
Dallas, Texas 


The Cooling and Air Conditioning Corporation 

DiAision of B F StijRte\-avi Compa^ta 
HYDE PARK BOSTON. M \SS 

Atlanta Camden Chicago Los Angelfs New York 


DATA ON HEATING, VENTILATING, 
AIR CONDITIONING AND VACUUM 
CLEANING EQUIPMENT FOR 
ARCHITECTS, ENGINEERS, 
CONTRACTORS 

The publications listed below have been 
prepared to aid the architect, engineer and 
contractor m the selection of proper equip- 
ment for industrial, public, and pnvate 
buildings of all t>'pes and sizes If you do 
not have all of these publications in your 
file w e \\ ill gladly send copies upon request 

COOPERATION 

Sturte\ant Engineers, located at each of 
the offices listed are always ready to co- 
operate with architects, engineers and con- 
tractors in the selection of equipment 
suitable for any prospective installation 

VENTILATING FANS 

CATALoan No 

271-2 Multivane Fans (Forwardly 
curved blade type) 

381-2 Silentvane Fans (Backw’ardly 
curved blade type) 

414 Rexvane Fans (Radial blade 
type). 

332-1 \’entiiating Sets (direct motor- 
dnven centrifugal type fans for 
ventilating small rooms Capaci- 
ties* 80 to 1600 c f m ) 

400-5 Direct - connected Fans and 
Blow^ers (Propeller Fans, Wndow 
Fans for kitchens and offices, 
Centnfugal Fans from 80 to 64^ 
c f m.; Portable Gas - Engine - 
Driven Fans, Coal Burning 
Blowers, Foi^ Blowers, Dust 
Blowers) 

422 Roofvane Ventilators 


Catalogue No 

345 Carbon Monoxide Asphyxiation 
and Its Prevention 

MISCELLANEOUS HEATING AND 
VENTILATING EQUIPMENT 

Catalogue No 

377-1 Unit Ventilators 

395- 2 Rexvane Speed Heaters (Floor 

type unit heaters) 

396- 3 Speed Heaters (Suspended Type 

Unit Heaters) 

382 Coal Burning Blowers 

AIR CONDITIONING EQUIPMENT 

Catalogue No 

295-1 Air Washers 

AC 101 Industrial Air Conditioning 

398 Comfort Air Conditioning 

389 Household Humidifiers 

378 Filticooler (Compact, high ef- 
ficiency air washer For filter- 
ing, washing, humidifying, cool- 
ing, dehumidifying. Used prin- 
cipally for public buildings and 
factories). 

383 Humidifilter (A humidifying 
and filtenng unit primarily 
adapted to central systems 
Used for both comfort and 
industnal processing work). 

384 Suspended Type Air Condition- 
ing Units 

401-1 Railway Air Conditioning 
VACUUM CLEANERS 

Catalogue No 

397- 11 Central System Vacuum 

368-1) Cleaners 

413 “Vortex” Portable Vacuum 
Cleaners 
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Fans 


The Torrington Mfg. Co. 

50 Franklin Street, Torrington, Conn. 

PRODUCTS — All Aluminum Blower Wheels and Disc Propeller T>pe Fans 


SINGLE WIDTH SINGLE INLET BLOWER HEELS 

State rotation ^ ^ “ 

when viewing E 
this end of 
wheel 
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Hub can be furnished for inside or outside of wheel 
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Aluminum is light in weight — reduces starting torque and minimizes power consump- 
tion — reduces resonance — requires no protecti\e finish — resists corrosion — is ideal tor a 
smooth and quiet operating uheel 
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Fans 


T-Size of Top 

S-No of Set Screw Holes 
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HOUSING SCROLLS. We do not manufacture housings but have prepared drawing 
with tables of dimensions for Scrolls for each size wheel Copy will be mailed upon 
request. 

CAPACITY TABLES. Capaaty rating and curve sheets showing static pressure, air 
deliveries and brake horsepow^er at vanous speeds will be sent upon request 
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Fans 


The Torrington Mfg. Co. 

50 Franklin Street, Torrington, Conn. 



Patent Xo 2 021 707 



Deluxe Model — For desk, ceiling and 
wall bracket fans Built with round center 
disc m size 8 in — 10 in — 12 in — 16 in 

Standard Model — Same as Deluxe 
model but with conventional type spider 
for economy 

Pressure Model — Same blade shape as 
Deluxe Model but designed for moderate 
pressures where quiet operation is desired 
Sizes 8 in — 10 m — 12 in — 14 in — 16 in 

All models have 4-blades for clockwise 
rotation Hubs of brass, blades of steel or 
aluminum — any finish 



VARIPITCH PRESSURE FANS 

A newly patented variable pitch propeller fan blade will be marketed m 1937 Details 
furnished upon request 

Prices and ratings for all fans furnished upon request 


AUTOCRAT FANS 

Tornngton Autocrat fans for auto heaters and wind- 
shield defrosters have been the standard ever since 
these devices w’ere first marketed Made in sizes 3 in — 

4 m — 4J^ in — 5 in — 5 m — 5J^ in — 6 in — 6K iri — 
6H in. All four blades Also 7 m 5-blade- 

Made m one piece of cold rolled steel or aluminum 
with brass hubs, complete with set screw. in bore 
is standard Either clockwise or counter-clockwise 
rotation (expressed when looking at air delivery side of 
fan) White nickel is standard finish for steel blades 



Send for Bulletin with prices, detailed specifications and ratings. 
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Fans 


L. J. Wing Mfg. Co. 

Branch Offices in 59 Seventh Avenue. New York, N. ¥• Factor> 

Pnncipal Cities Pi^one C NEWARK, N J 


Wing Featherweight Unit Heaters- Floodlights of Heat 

\ertical downward discharge ot heat — the original and 
unique feature oi Wing Featherweight Lnit Heaters — 
allows distribution ot heat m dn\ direction or number ot 
directions Irom a single heater Thus one heater effects 
(listnbution that could be accom- 
plished onl> b\ a number ot one- 
direction heaters 

Heating expense is consider- 
II abh reduced because this heater 

« located close to the ceiling, takes 

warm air trom the top ot the 
building, where the heat would 
be wasted, and deluers it in the 
work area 

Wing Featherfin Heating Elements described elsewhere on 
this page, are employed in all W mg Unit Heaters 

Made in Aanous capacities and tor low and high ceilings 
Discharge outlets to suit an\ condition Bulletin II-O 




Wing Featherfin Heating Sections— For heating air tor an\ 
purpose b\ steam or hot water 

The V\mg Featherfin Heating Element is ex- 
tremely light in weight It is ot the fin-and-tube 
extended-surface t\pe. and offers \er\ low' re- 
sistance to air flow Its hairpin shape d\oids 
expansion and contraction strains Each tube is 
easily replaced in case ot accidental damage 
Sections as ailable tor an> final air temperature 
WtngFtafheTrn With an\ steam pressure 

EUmtnt ^hujiipg Used separateU tor an\ heating purpose and in 
Tuftt \\ Unit Heaters Tested at 1000 lb pressure 
Bulletin H-h 

WlXG WrIABLE-TeMPERATIRE HlVTING Sections permit precise Variable-Tempemture 
control ot air temperature without b\ -passing and without throttling Htatmq Nettwn 
steam Xo treezing Bulletin VT-i 




Wing Utility Heaters 
— This Wing Heater — a 
light-w eight suspended 
unit heater — delivers 
heated air in one general 
direction Has same 
powerful fan and rugged 
heating element as 
Wing Featherweight 
Unit Heaters Bulktin 

r-4 



Wing Industrial Fog 
Eliminators — Eliminate 
tog, odor and lumes in 
dyeing, bleaching and 
finishing plants in the tex- 
tile industry, in cream- 
eries. pasteurizing, bottl- 
ing and distributing plants 
in dairy industry’, m can- 
ning, bottling and packing 
plants m the tood industr> , in chemical 
works, paper mills, steel pickling plants, etc 
No ducts are required Bulletin FR-11 




Wing Garage Heaters — For effective and eco- 
nomical heating of garages Located above the open 
aisles, they deli\er a column ot heated air down to the 
floor w'here it spreads m e\eiy direction, putting the 
heat where it is needed Sometimes cut heating costs 
m halt Bulletin G-1 
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L. J. Wing. Mfg Co. 


Fans 



Wing Door Heaters— For 'nstan- 
taneousl\ heating mrusb ot cold a r at 
door\\a\s ot garages bus tern'-nals 
treight houses, docks piers shipping; 
and receding departments 

The unit is suspended trom the 
ceiling o\er each opening A oowertul 
tan drives down a column ot heated air 
that warms the entering cold blast 
Connected to existing steam line 
Bulletin D-1 


Wing Featherfin Process Heating 
Units — For manufacturing processes such 
as drying, aging, etc , requiring the recircu- 
lation ot the 
heated air 
Motor or tur- 
bine located 
outside air 
current Bul- 
letin P-J 

Wmg-Scruplex Safety Ventilating 
Fans — A propeller type fan that will 
deli\er air against 
static pressure, quietlj , 
efficiently and safel> 
The screw design 
propeller moves the air 
forward in straight 
lines with minimum 
eddy, assuring high 
static efficiency Sizes 
10 to 60 in , capacities 
range from 950 to 
100,000 cfin Bulletin F-0 

Wing Type COM Blowers (High 
Static Pressures at Low Speeds) — 
Efficiently produce high static pressures at 
low^ speed Equipped with constant-speed 
motor and buill-in damper, permitting 
variation ot air delivery over a wnde range 
wath decreasing horsepower 
For hand-fired, 
stoker-fired, oil- 
burning or puh er- 
ized-fuel boilers 
Frequently eli- 
minate all duct 
work Bulletin 
CO-7 


Wing Steam Turbines for driving 
pumps, Ians, etc Bulletin S-9 

Wing Kildraft — Warms air entering 
doors of stores, public buildings, etc 
Bulletin KD-1 

Wing Safety Cooling Fans for cooling 
men and products in industry Bulletin 
CF-12 


Wing - Scruplex Exhausters — Made 
for either horizontal or vertical ooeration — 
top, bottom or side intake The motor is 
entirely outside the exhaust housing, there- 
fore alwa\s easih accessible — kept clean 
and cool For anv \ ent dating need where 
air must be drawn or forced through ducts 
Bulletin 



Wing Motor-Driven Blowers — For 
low-pressure heating boilers and small 
power boilers Increase boiler capacity, 
permit close con- 
trol and allow use 
of lowest-cost fuel 
The type EM 
Blower is equip- 
ped with fully en- 
closed, dust-proof 
motor complete 
with speed-regu- 
lating rheostats 
and automatic 
controls Bulletin 

M-6e 

Wing Turbine-Driven Blowers— In- 
crease boiler capacity, maintain constant 
steam pressure and permit complete com- 
bustion of low'-cost fuels No duct work is 
necessary Applied to hand-fired, stoker- 
fired, oil burning 
or pulverized- 
fuel boilers The 
exhaust steam is 
free from oil and 
can be used for 
heating or pro- 
cesses Bulletin 
T-97 




Solid Blade Tvpe 
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Heaters, Unit 


Airtherm Manufacturing Company 

1474 South Vandeventer, St. Louis, Mo. 

THE ENGINEERED LINE OF UNIT HEATERS 



AIRTHERM IMPROVED 
I UNIT HEATERS 


Backed by the experience of 
thirt> years in unit heater con- 
struction, the new Airtherm 
line represents a great advance 
in unit heater construction 
Many new and exclusive fea- 
tures have led to the instan- 
taneous acceptance of this line 
by important industries 

High quality materials, 
sound engineering principles, 
advanced construction meth- 
ods, all combined with modern 
styling, have resulted in a 
product of unquestioned merit 
Study all unit heaters before 
you buy Your choice will be 
Airtherm 


The Airvector (above) 


Airtherm’ s latest contnbution to the propeller 
tan ty-pe unit heater field Many exclusive 
features, including ribbed “Sound-Proofed” 
Cabinets, "No Pendulum Action” method of 
motor mounting, modem styling, and other 
exclusive features Complete range of sizes for 
any job 

The Airheator (fight) 

Airtherm’s bio'll er fan type unit heater for 
floor or ceiling mounting Available in a v'ariety 
of assemblies, -welded construction, quiet oper- 
ation, and high efficiency Airtherm Unit 
Heaters are the choice of leading engineers 




The Airblanket (left) 

An outstanding innovation in unit heater con- 
struction and performance The Airblanket is 
now' being used where ceilings run as high as 
70 ft , and has shown amazing performance under 
every circumstance Investigate the Airblanket 
for any job over 18 ft ceiling, or any other instal- 
lation requiring absolute control of warm air 
discharge Write for Catalog A-37. 
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Heaters. Unit {Electric) 


Electric Air Heater Company 

Division of The American Foundry Equipment Co. 

677 Byrkit Street, Mishawaka, Indiana, U. S. A. 

Manufacturers of Industrial and Domestic Electric Air Heaters 




Industrtal Heater 




Portable Heater 



Industrial Electromode Heaters 

This type electric air heater design includes all the principles of 
Steam unit heaters The difference is that the source of heat 
supply is a set of \nres instead of a Boiler House, piping and 
steam traps Controlled by thermostats, electnc air heaters are 
economical, easily installed and heat is available within one 
minute at any time, and cut off instantly w hen no longer required 


Model 

Ratings I 

|60FTemp Risej45FTemp Rise 

Fan 

Diam 

KW 

BTU 

EDR 

CFM 

FPM 1 

1 CFM 

;fpm. 

3-3 

3 0 

10245 

42 7 

155 

515 1 



61 2 

11 - 41/2 

4 5 

15367 

64 0 

233 

382 

310 ' 

! 596 1 


11-6 

6 0 

20490 

85 0 

310 

508 

412 

1 

1 ^ ! 

9 

14-10 

10 0 

34150 

142 0 

517 





14-15 

15 0 

51225 

213 0 

770 





20-25 

25 0 

85375 

356 0 

1290 

533 

1720 ! 

712 

18 

20-35 

35 0 

119525 

498 0 

1800 

750 

2400 1 

1060 


27-45 

45 0 

153675 

640 0 

2325 

570 

3066 

748 

24 

27-60 

60 0 

204900 

854 0 

3100 

760 

4133 

1000 


32-90 

90 0 

307350 

1280 0 

4656 

727 

6108 

954 1 

1 30 

32-120 

120 0 

409800 

1708 0 1 

6208 

9fa8 

8280 1 

1294 1 

1 


Portable Electromode Heaters 

This portable electnc air heater meets the demand for portable 
heaters as 'W’ell as for permanent installations This type may be 
equipped with a built-in thermostat for temperature control. A 
special switch can be added w’hich will permit running the fan 
without heat A waterpan can be added so that 1 to 3 pints of 
water may be evaporat^ per hour to give humidity control 


Model 

KW 

BTU 

EDR 

60F 

Tonp Rise 

45 F 

Temp Rue 

Face 
Area 
^ Ft 

Diam 

Fan 

Net 

Wt 

CFMI 

FPM 

CFM 

FPM 

A^15 

1 5 

5122 




103 


mmm 

73/4 

20 


2 0 

6830 




138 





B.30 

3 0 

10245 

42 7 

150 

340 

mmk 

468 

iil?w 

9 

25 


4 0 1 

13660 

56 9 

200 

450 

276 

625 




C-50 

m 


71 1 

1^ 

435 

345 

575 


lI'/2 

32 

mss^ 

LS»J 


85 3 1 

1 310 1 

515 

415 

692 

1__J 




l-Kwhr *= 3416 Btu = 14 23 sq ft Equiv in Dir Radiation 60 cj cle 
A C IS Standard — other cj cles and D C at extra cost for motor Im- 
portant Speaty Voltage and kind of current w hen ordenng 


Bilt-In-Wall Type Electromodes 

This unit is designed to fit the heating requirements of the home, 
apartment, office or summer (winter) home The grille is of an 
attractive design and may be finished with any color to harmonize 
with interior decoration scheme. This heater is installed on the 
standard spaced stud just above the baseboard and controlled 
by a thermostat it gives automatic controlled temperature in each 
or all rooms. 

Send for Data Book No, 337 
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Heaters, Unit 


Fedders Manufacturing Co. 

HEAT TRANSFER SPECIALISTS SINCE 1896 
57 Tonawandd Street, Buffalo, N. Y. 

Branches and Representatives in All Principal Cities 

Unit Heaters, Air Conditioning Surface and Unit Conditioners, 
Unit Coolers, Commercial and Household Refrigeration Equipment 



FEDDERS UNIT HEATERS 

Quiet operation, high efficiency heating ele- 
ment ^Mth streamline tubes and specially 
designed indi\idual con\oluled fins, lull pro- 
tection against destructive expansion stresses 
within the heating element and between element 
and cabinet, the strength of curved non- 
diaphragmatic headers, extremely rugged elec- 
trically welded mono-piece steel cabinets are 
results of advanced engineering inherent in 
Fedders Unit Heaters 

Their handsome appearance makes their high 
heating ability available to commercial as well 
as industrial applications 

Fedders Unit Heaters are built in a complete 
line of sizes and capacities as listed below 


Patents 1 970,105 2,025 426 


Model No 
EDR 

3023 

75 

3141 

1 100 

3143 

125 

3181 

150 

3183 

175 

3211 

200 

3261 

225 

3273 

250 

3311 

300 

3372 

350 

3411 

400 













Model No 
EDR 

1 

3421 

450 

3472 

500 

3615 

600 

3666 

700 

3671 

800 

3866 

900 

3871 

1000 

3911 

1100 

3961 

1200 

3971 

1300 


FEDDERS AIR CONDITIONING SURFACE 

For refrigerant, cold water, steam or hot w'ater 
Fedders design assures proper distribution throughout 
the coil and keeps pressure drop to a minimum by 
reducing the length ot tubing in series Copper tubes 
and copper fins provide maximum heat transfer ef- 
ficiency Catalogs contain full information and figuring 
data on the complete range of sizes and capacities 

FEDDERS THERMOSTATIC 
EXPANSION VALVES 

Multiple use of adjustable, Fed- 
ders High-Capacity Thermostatic 
Expansion \’alves m conjunction 
w ith Fedders refngerant manitold- 
ing, doubly assures correct distri- 
bution of refrigerant 

COMPLETE WORKING DATA 

raients r catalogs are w^orkmg data books giving complete speci- 

1,974,631, 1,987,948, fications, dimensions and performance data Write for copies 
2.011,379 covering products that fit your requirements 
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Heaters, Unit 


Modine Manufacturing Co. 


17th and Holburn Streets, Racine, Wisconsin 

Branches m All Principal Cities 


MODINE UNIT HEATERS 

Application — Not only successtulK 
used for industrial, garage and similaV 
space-heating applications, but idealK 
suited also to show-rooms, stores, oil 
stations, churches, school rooms, resi- 



dential recreation rooms, etc They hd\ e 
also effected important economies in the 
drying of paint, leather, enamels, paper, 
wood, etc , by speeding up and bettering 
the drying process 

Description — Exclusive features that 
not only make the Modine a better unit 


MODINE UNIT HEATERS 
CAPACITIES AND DIMENSIONS 

(In Inches) 


Model 

Over- 

all 

Width 

Depth 

Las 

EDR 

CFM 

Motor 

RPM 


Height 


Motor 



76 

Wi 

934 

53/4 

76 

187 

1550 

126 

16 

13 

8 

126 

456 

1590 

152 

18 

15 

8 

152 

540 

1590 

181 

18 

15 

8 

181 

770 

1140 

204 

18 

15 

8 

204 

735 

1140 

238 

18 

15 

8 

238 

731 

1140 

275 

19>/2 

18 

9 

275 

1052 

1140 

352 

22^2 

18 

9 

352 

1425 

1140 

440 


18 

9 

440 

1320 

1140 

542 

23 

22 

9 

542 

1710 

1123 

t)20 

261/2 

22 

9 

620 

2140 

1120 

710 

2^2 

22 

9 

710 

2230 

1120 

903 

m 

26 

im 

903 

3000 

1125 

1163 

303/a 

26 

10/2 

1163 

4050 

tno 

1300 

343/J 

263/8 

8 

1300 

5010 

1125 

1545 

30'/8 

52>/2 

II 

1545 

5400 

1125 

2015 

30»«. 

561^ 

11 

2015 

6540 

1110 


\ll Above models are available with variable speed 
motors Units For hot water application also available 


I structuralU but 
I assure more eftec- 
I ti\e economical § S 

I distnbut onol heat ' s ^ 

1(1) The Expansion ' ' ; ' 

Bend, gi\en each 

Lube ol the con- «=— ja 

denser before enter- k 

ing lower header ^ > 

proMdes tor tree 

expansion, thus eliiirnating expansion 
strain trom being transterred to header 
tanks (2) Velocity Generator for re- 
directing and conrrolling the heated air 
stream assures greater possible throw* 
consistent with comfortable heating (3» 
Direct Pipe Suspension greatly lacili- 
tates horizontal redirection of the heated 
air stream, permitting lull 360 deg rotata- 
bility Also means easier installation at 
less cost — no brackets, pipe rods or straps 
being necessar\ Write for Unit Heater 
Catalog 236. ' 

MODINE COPPER CONVECTORS 
The new Modine Copper Con\ector 
turnished in tour types Concealed, Re- 
cessed, Floor and 
Wall Cabinet, is de- 
signed tor use on A 
steam, vapor, \acu- * 

um or hot w’ater ■ 
systems Stvled « j 

tor beauty ot line | 

and proportion, the I 

enclosure is adapted ^ 
to easy color ap- 

phcatio’n Interchangeable, die-cast grille 
segments in four patterns make it possible 
to design a grille which will harmonize 
with any interior Grilles also available 
in plated finishes — Catalog 136. 
MODINE COOLING COILS 

De\ eloped tor use --- 

m connection with 
central system cool- 
ing and air con- 
ditioning plants, 

Modine Cooling 
Coils, Cold Water 
Type, are installed 
in coniunction with 
a blower fan and duct w*ork They are 
adaptable where cold water or a non- 
corrosive brine is used as the cooling 
medium, — Catalog 336. 

OTHER MODINE PRODUCTS 
Modine also offers complete lines of 
Blast Heaters Unit Coolers and Air Con- 
ditioning Equipment Data will gladly 
be furnished on request 
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Heaters, Unit 


The Unit Heater and Cooler Go. 

Wausau, Wisconsin 

Offices m Principal Gides 

MANUFACTURERS OF THE GRID UNIT 

(PA.1ENTED) 



GRID UNIT HEATER DATA 



For either low or high Steam Pressure 

Cast Aluminum Fins-^Long Life-No Leaks— Not effected 

More Air changes— Positive Circulation 

Lower outlet temperatures and large Air Volume 

Reduced Fuel Cost. 


by electrolytic 


action 


Low Maintenance Expense 

Send For BuUetin on Other Units Not Listed. 
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Heaters, Unit 


YUNC RADIATOR 

yjorntuunu 


Racine, Wis. 

Representatives in All Principal Cities 

Manufacturers of Young Unit Heaters — Convection Heaters — Blast 
Units — Unit Coolers — Evaporators — Commercial Heat Transfer Units 




Model Unit Heater 



There are 24 different 
models ot Suspended Unit 
Heaters equipped with con- 
stant or variable speed 
motors Floor T>pe Unit 
Heaters have capacities from 
120,000 to 800,000 Btu per 
hour 

Blast Units and Com- 
mercial Heat Transfer 
Surfaces may be used tor 
various applications oper- 
ating m conjunction with 
heating, cooling, or air con- 
ditioning s> stems 

Unit Coolers are used w ith 
cold water, brine, or an} com- 
mon refrigerant Water 
Coils for cooling with w^ater 
or brine in man> sizes and 
capacities 

Evaporators for use with 
Freon or Methyl chloride 
are scientifically designed to 
distribute the liquid with one 
or a group of expansion vah es 

There are four distinct 
types of Convection Heat- 
ers — free standing cabinets, 
recess cabinets, wall-hung 
cabinets, and plastered-in 
enclosures. All models in- 
corporate the Streamaire 
design w’lth large elliptical 
tubes which make Young 
convectors outstanding on 
any t^’pe of heating system. 



lit 



Model 'FH" Unit Heater 


Stnamaire Conur*ion Heaterb 







Heating and Cooling Surface (Fan System) 


Aerofin Corporation 

850 Fr^linghuysen 
Newark, NJ 

Manufacturers of Aerofin 

The Standardized Light-Weight Heat E\change Surface 
11 West 42nd Street. NEW YORK 

Land Title Building United Artists Building Burnham Building 

PHILADELPHIA DETROIT CHICAGO 


Aerohn is the modem Standardized 
Light-Weight Encased Fan System Heat- 
ing and Coolmg Surtace onginated by Fan 
Engineers to meet the present and future 
requirements ot this highly specialized 
field All Standard Aerofin Units are 
furnished as completely encased Units, 
ready for pipe and duct connections The 
patented casings are built of pressed steel 
and are exceptionally strong and ngid, 
protecting the Unit from all the strains of 
pipe connections and expansion or con- 
traction in serMce The casings are 
flanged on both faces, top and bottom, and 
template punched for bolting together 
adjacent Units, or for duct connection 



Fii 1 


Flexitube Aerofin (Fig 1) supplants 
the anginal non-corrodible Low Pressure 
Aerofin 

Flexitube Aerofin is distinguished from 
all other de\ elopments b\ its off-set tubes, 


so arranged as to absorb all expansion and 
contraction strains 

Headers — Cast bronze or aluminum 
Tubing — in O D copper, admiralty 
or aluminum 

Joints — Where admiralty or copper 
tubes are used together with bronze 
headers tubes are brazed to headers using 
Mueller patented loint Where both 
aluminum tubes and headers are used 
tubing is w elded to headers 

Casings — Copper, aluminum or gal- 
\anized iron 

Design — Units are constructed with 
headers on opposite ends making possible 
installation of units with tubes horizontal 
or vertical 



F/g d 


Universal Aerofin: (Fig 2) is dis- 
tinguished by its "S" bend construction ot 
tubing, the units being designed with steel 
headers on opposite ends, the ends of the 
“S” bends being connected thereto by 
compression nuts, the bends taking care ot 
the expansion and contraction ot the 
tubing 

This type of surface is recommended 
w'here close control is desired 
Headers — Pressed steel 
Tubing — 1 in 0 D Copper, admiralty or 
aluminum 

Casings — Copper, aluminum or gal- 
vanized iron 
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Aerofin Corporation 


Heating and Cooling Surface (Fan System) 



Fig 3 


High Pressure Aerofin: (Fig 3) 
Aerofin is of the continuous tube design 
being recommended where e\tremel> high 
pressures of steam are used 
Headers — Pressed steel 
Tubing — 1 in O D Copper, aluminum 
or admiralt> 

Casings — Copper, aluminum or gal- 
vanized iron 



Fig 4 


Booster Aerofin: (Fig 4) is of the 
continuous tube design and is recom- 
mended where small volumes of air are 
used, or where it is designed to raise the 
air temperatures in branch ducts, etc 

Headers — Cast iron 

Tubing — m O D Copper or alumi- 
num 

Casings — Copper aluminum or gal- 
vanized iron 

Aerofin Encased Booster Units: 
(Fig 4) For horizontal or vertical air 
now Six sizes, 150 to 1624 c.f m 

For either horizontal or vertical air flow 



Fts 5 


Narrow Width Aerofin: (Fig 5i 
recommended lor water cooling or tor 
flooded Freon s\ sterna Made in straight 
tubes only with headers on opposite ends, 
joints between headers and tubing being 
brazed Construction similar to Flexitube 
Aerofin 



Fig 0 

Aerofin Continuous Tube Water 
Coils : ( Fig 6) are designed for air cooling 
by circulating cold water through the 
Aerofin and air over the extended fin 
surface These units can be made for 
either horizontal or vertical air flow 
Tubes and fins are made of copper, com- 
pletely tinned w’lth a permanent metallic 
bond between fin and tubes Headers are 
made of one-piece cast bronze and casings 
of hea\y galvanized iron or copper 

Ever}' unit is tested to lOCK) lb hydro- 
static pressure 
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Aerofin Corporation 


Heatins and Cooling Surface (Fan System) 



Fti 7 


Aerofin Cleanable Tube Units: (Fig 
7) for cooling only and all made with 
headers removable so as to permit of 
cleaning out tubes Recommended for use 
y, here sediment or scale forming chemicals 
are present in the cooling water 
Headers — Cast iron 
Tubing— Copper or admiralty 
Casings — Copper or galvanized iron 



Ftg 8 

End plate removed shffwtng dtslnbuiing 
and suctton headers 


Aerofin Direct Expansion Units: 
(Fig 8) Row Control Type— Recom- 
mended for use w'here cutting on or off 
row’s of tubes m direction of air flow is 
desired Suitable for use w’lth Freon or 
Methyl-Chloride 



Ftg 9 

Aerofin Direct Expansion Units: 
(Fig 9) Centrifugal Header Type— Re- 
commended where control of rows in 
direction of air flow' is not required 
Advantages: Weighs but 9 to 16 per 
cent of same equivalent cast iron surface 
and occupies one-third of the space 
Eliminates expensive foundations and 
building re-mforcement Can be suspended 
from roof beams or trusses if necessary 

Aerofin Sizes 

Flexitube: 13 standard lengths, three 
wudths, one and two rows deep 
Narrow: same as Flexitube 
Universal: 17 standard lengths, tw'o 
w'ldths, one and two rows deep 
Continuous Tube: 13 standard 
lengths, three w'ldths, 2-3-4-5 and 6 rows 
deep 

Cleanable Tube: 17 standard lengths, 
one width, 2 and 4 rows deep 
Direct Expansion: Row Control— 
11 standard lengths, 3 widths, 1-2-3 rows 
deep Face Control — 11 standard lenrths, 
3 widths, 2-3-4-5-6 rows deep Centrifugal 
Header — 11 standard lengths, three widths, 
2-3-4-5-6 rows deep 

Steel Supporting Legs: IS in and 
24 in high Punched same boll hole 
centers as standard casings Quickly 
attached No other foundation required 
Sale: Aerofin is sold only by manu- 
facturers of nationally advertised Fan 
System Apparatus List upon request 
Write Newark for Heating Bulletin 
G-32, Direct Expansion Bulletin DE-34 
on refngeration type units, Continuous 
Tube Bulletin C T 34 for Water Cooling 
Coils, or pamphlet on Cleanable Type 
Aerofin for cooling 
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Heating Surface 


The G & O Manufacturing Company 

138 Winchester Avenue New Haven, Connecticut 


GdO 


INDIVIDUAL FIN TUBING 


RADIATING ELEMENTS FOR ALL HEAT TRANSFER PURPOSES 


INDIVIDUAL G & 0 FINS— The use of in- 
dividual fins results in high efficiency in heat transfer 
from pnmary tube surface to secondary fin surface, 
because all G & 0 fins have ample collars around the 
tube opening msunng liberal contact with tubing 


ANY SIZE OR SHAPE — Fins of any size or 
shape may be obtained giving any desired pro- 
portion of primary and secondary radiating surface 

SQUARE FINS — A square fin has about 30% greater surface than a round fin of a 
diameter equal to a side of the square 

INDIVIDUAL FINS — Individual fins permit of any fin spacing also, of using fins in 
groups at intervals along" tubes. Fins placed at practically any angle on tubes 

VARIOUS SHAPES — G & O individual fin tubing is furnished in straight lengths* 
in U bends with short radii in continuous return bend coils, or other shapes. Ends of 
tubes may be left free of alloy for mechanical joints 




G & O Individual Fin Tube Data 
Standard Si 2 es 


OD 
of Tube 

Fm ! 

Size ; 

1 1 

1 Fin 1 

1 Spacing 1 

! £5. 1 

Surface 

Li^ar 

Foot 

3 8" 

3 / 4 " »q 

1 

1 6 

0 55 sq ft 

Vs" 

Vi" *q 

6 

' 1 

0 80 sq ft 

1 

^s" 

J/e'r'd ! 

! 6 

0 60sq ft 

3^4" 

I'4'r-d ! 

1 6 

I 55 5q ft 

3 / 4 " 

W 

1 6 

2 40 sq ft 

r 


6 

4 00 sq ft 
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Heating and Piping Systems, Industrial 


GRINNELL COMPANY™. 

Heating, Industrial and Power Plant Piping, Fittings, Hangers, 
Valves, Pipe Bending, Welding, Piping Supplies, Etc. 

Executive Offices: ProvidencB, R. I. 


Kubk*,' \ \ 

'-’la. t a.-: " uaJ*"* 

* I’ i-’T 1 

B^L'nu «p.E Mi 
Boston Mias 
Bup*»ai.o X \ 

CHAjaLOTTE X C 'Brancr 
Chicago 111 6ri4*D 
CniCINNAn, Oh'C 


Offices Plants and Branches 
Cletelano Ohio tBrancn 
CoLtuB-A Penva I Punt 
Dallas Texas 
Detpoit M.ce 
ScAPN'r X J 'B-aaeh 
Milwaukee ^iS 
Minneapolis Minn B'*ancn 
Newark N J 


\e\v Opleans 
Nlw Tore N V 
Philadelphia Plnna (Branch) 

PiTTSBXJHGH PlNNA 

Ppomdencd Pl I ( Plant and Foundry) 
Rochestep N 1 
3t Louis Mo (Branch) 

St Paul Minn (Branch) 

Warpen Ohio (Plant and Foundry) 


GRINNELL COMPANY OF THE PACIFIC 

Lch \NQtLEN Lal 'Bvncn' Oaklant Cai. Brancn> San Franctsco Cal (Branch) Seattle V^ash (Branch; 


GRINNELL COMPANY OF CANADA, LTD 

Mont>eal, Que (Bf^incn \ancoutep B C (Branca ' Toronto Om (Plant and Foundry) Winnipeg, Man 

UaHA’WA Ont (Foundry. 


PRODUCTS AND SERVICES— I 

Complete Service on materials to | 
Specification on Power Plant Piping, j 
Industrial Piping, and Industrial ! 
Heating Systems; Prefabricated Pip- ' 
ing including Pipe Gutting and 
Threading, Pipe Bends, Welded 
Headers, Welded and Welding Fit- 
tings, Lap Joints and the Grinnell 
line of products for Super Power. 

Grinnell Equiflo Valves for forced 
hot water heating systems; Grinnell 
Adjustable Pipe Hangers and Sup- 
ports; Grinnell Cast Iron and Mal- 
leable Iron Pipe Fittings; Grinnell 
Malleable Iron Unions; Grinnell Weld- 
ing Fittings; Grinnell Thermoliers 
(Unit Heaters}; Grinnell Thermofin 
(Convectors); lliermoflex Traps and 
Heating Specialties. 

Also Humidifying Systems; Con- 
stant Level Size Circulating Systems; 
Piping for acids and other special 
materials. 

Malleable Iron, Brass, Bronze and 
other Castings; Brass, Cast Iron, 
Wrought Iron and Steel Pipe; Seam- 
less Steel Tubing in Iron Pipe Sizes. 

Valves: Check, Globe, Pressure Re- 
ducing and Regulating, Quick Open- 
ing, Safety and Y, 

Automatic Sprinkler Systems ; Stand 
Pipes; Underground Supply Mains; 
Hydrants; Fire Pumps; ^essure and 
Gravity Tanks. 

Grinnell “Junior” Automatic 
Sprinkler Systems for Basements and 
other hazardous areas of Dwellings, 
Small Apartment Buildings, Schools, 
Churches, Stores, etc. 


Grinnell Equiflo Valves 

For Forced Hot Water Heating 



Equiflo Valve 


The designing of forced circulation hot 
water heating systems is so simplified by 
the Grinnell Equiflo Valve that they can 
be laid out and installed as easily as vapor 
or steam systems This valve consists of a 
regular type packless radiator valve with 
a cartridge or tube made up of a series of 
orifices and baffles capable of setting up 
any required frictional resistance This 
method of establishing any desired resis- 
tance does away with elaborate calcu- 
lation of pipe sizes Grinnell guarantees 
perfectly balanced circulation to each and 
even' radiator where these valves are 
installed throughout the system 
Equiflo Data Book sent to interested 
parties 


For Data on Thermoflex Traps and Heating Specialttes, see page 1078 
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Grinnell Company, Inc. 


Heating and Piping Systems, Industrial 


Thermouer 

Paterted 

THE GRINNELL L^TT HEATER 


Industrial and Factory Types — 125 Lbs. W.S.P. 



Induatnd Type 


Thermolier is a ruggedK built unit heater 
whose efficiency and dependability have been 
proved by actual pertormance in field service 
Thousands ot them are installed in industrial 
buildings and commercial structures of all ty^pes 
of occu nancy 

Thermolier has 14 points ot superiority, the 
most outstanding ot which iS the internal cooling 
leg built right into the unit, an exclusive Ther- 
molier feature See drawing below 

Radiation is from brass-finned seamless copper 
U-tubes rolled into a cast-iron tube sheet No 
solder is used for strengthening loints and there 
are no flat horizontal surfaces to catch dirt. 


Units may be controlled manually or automatically, singly or in gioups Installation 
and piping are extremely simple and inexpensive, hence the unit may be moved from one 


THE THERMOUER INTERNAL COOUNG LEG ACCOMPUSHES A RESLLT 
SUCH AS IS DLAGRAMMATICALLY ILLUSTRATED HERE 


THERMOSTATIC 

TRAP 



location to another at small cost if found desirable on account ot changes in building or 
occupancy The complete line includes 2S Models in Two Types 

Thermoliers provide maximum distnbution of heat without objectionable drafts 


Specifications 

Fan — Grinnell special of rugged construction Motor — hea\y (.luty, oversize, 
enclosed, moisture-proof Housing — Copper on Industnal Type with rubbed lacquer 
finish, steel on Factory’ Type finished in gray* duco Frame — Heavy pressed steel, 
providing rugged support tor motor and fan Special Features — Ad instable swivel 
hanger rod couplings, louvers rigid, but easily adjustable integral cooling leg insuring 
perfect drainage through one thermostatic trap for pressures up to 25 lb 

For pressures not exceeding 125 lb , a thermostatic trap of proper construction can be 
used and should be attached directly to the unit 


CAPACITIES 


60*’ F. Entering Air Temperature — 2 lbs Steam Pressure 


Model 

B t u 

Model 

B t u 1 

Model 

B tu 

Noi 

per Hour 

Nos 

per Hour 

Nos 

per Hour 

20 

35,000 

50 

90,700 1 

100 

234,000 

20L 

26 900 

50L 

67, 100 

lOOL 

19t, 000 

25 

40,500 

60 

104,800 

110 

259 000 

25L 

30,900 

60L 

77,700 

llOL 

211,600 

30 

47,800 

70 

142,000 1 

140 

320,000 

30L 

35,200 

70L 

117,000 1 

140L 

1 271,000 

40 

69,400 

80 

164,600 

180 

368,000 

40L 

53,300 

80L 

139 300 

I80L 

294,000 

45 

81,200 

90 

189,200 1 



45L 

62,600 

90L 

151,600 1 


, 


Data litjuk. uiver- 
ing other piessures 
and temperatures 
dimensions and 
complete installa- 
tion information 
on application 
Address Grinnell 
Company, Inc , 277 
West Exchange 
Street, Providence 
R I 






Grirmell Company y Inc. 


Heating and Piping Systems, Industrial 


GRINNELL ADJUSTABLE PIPE HANGERS AND SUPPORTS 

One of the ch«ef adAantages of Gnnnell Adjustable Hangers is that they permit 
adjustment of pipe lines after installation, thus obviating the necessity of tumbuckles or 
the removal of hangers Their time and troulile-saving qualities dunng installation are 
equall> exceptional Below are sho^n a fe^ Gnnnell Hangers and Supports of par- 
ticular interest to heating engineers Send for Hanger Catalogue shov\ing complete line 
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Adjustable Swivel Rings (Patented) 

These Malleable Iron Adjustable Swivel Rings 
can be used vvith Coach Screw Rod or Machine 
Threaded Rod in connection with practically an> 
tv pe of Ceiling Flange, Expansion Case, Insert, etc 

Adjustment of at least 1^^ in is secured bv turning 
Svmel Shank Swivel Shank automatically locks, 
prev'enting loosening due to vibration in the pipe 
line 

The Split Ring permits adjustment either before 
or after Ring is closed A w^ge type pm is loosely 
but inseparably cast into the hinged section for 
fastening this section after pipe is in place 



Fig No W4 
Sjiit Ring 



Fig No 174 
Snif' PkOe fio/i 


Adjustable Swivel Pipe Rolls (Patented) 


An adjustable type of pipe roll using a 
single hanger rod Swivel Shank allows 
vertical adjustment and automatically 
locks, preventing loosening from vibration 

CB-Universal Concrete Inserts 
(Patented) 

Made of air furnace malleable iron, in 
one body size, to take a special removable 
nut, tapped for in., in , ^ m or 
-*4 in rod as required Nuts automatically 
lock by means of V-type teeth on both 
insert and nuts 



Fig No 383 
CB-Universal Insert 


GRINNELL WELDING FITTINGS 



Mbou, Long Turn 


Gnnnell Welding Fittings are made from 
Seamless Steel Pipe and possess the same 
physical characteristics as standard, extra 
strong and o d steel pipe or seamless steel 
pipe of comparable size They can be used 
under the same conditions, pressures and 
temperatures as the pipe itself. 

Welding faces for all plain circum- 
ferential Butt Welds are scarfed or 
bev’eled to the regulation 45 deg angle 
with if 5 m square end on inside of fitting 
Angles of bevel other than 45 deg can be 
furnished on special orders 



Welding Outlet 




Heating and Ventilating Units 


E. K. Campbell Heating Co. 

2441-3-0 Charlotte St Kansas City, Mo. 

Factor) Branch 44S5 01 ve St , St. Louis, Mo 

THERMIDAIRE HEATING, \'ENTILATL\G 
AND AIR CONDITIONING EQUIP.MENT 



E. K. CAMPBELL FURNACE FAN SYSTEM OF HEATING AND COOLING— 

Heavy locomotive firebox steel furnace, acid resistant economizer, large combustion 
space, large vertical gas passages for low resistance and constant efficiency, great amount 
of surface for heat extraction from gases, counter flow air and gases 


THERMIDAIRE FANS AND BLOWERS for heating, ventilating and cooling are 
sturdy, efficient and quiet operating 

THERMIDAIRE STEAM UNIT HEATERS are built in all types The heating 
element is all copper, with a special brazing which has equal mechanical strength to the 
copper, insunng permanent tightness A wride range of t> pes and capacities 

THERMIDAIRE BLAST COILS have the same heating element as the unit heaters, 
free from leaks or expansion troubles Encased m hea\^ steel, they are easily installed, 
and made a permanent installation 

THERMIDAIRE GAS FIRED UNIT HEATERS have the vertical tube, plunge 
draft design, with large gas passages, wffiich make the units self-cleaning and maintain 
high and constant efficiency 

THERMIDAIRE DIFFUSERS AND GRILLES are made in various designs Neat, 
inconspicuous, finished in baked enamel wuth choice of several colors 

Further information gladly given on request 
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Healing and Ventilating Units 


The Herman Nelson Corporation 

Genetdl Omtcs and Factories at Moline, Illinois 

Sales and Service Offices in all Principal Cities 
Heating and Ventilating Equipment for Schools and Industrial Plants 



Herman Nelson Unit Ventilator 



The Herman Nelson Corporation manu- 
factures a complete line of hi Jet Unit 
Heaters m two types propeller Ian and 
blower hjet Heaters pro\ide low cost 


Herman Nelson Unit Ventilators 
tor maintaining comtortable and 
healthlul conditions m school class- 
rooms consist of heating element, 
filter, cabinet, air intake, fan and 
motor unit and two sets ot dampers 
— all designed and arranged to pro- 
duce efficient heating and \enti- 
lating at low cost One Herman 
Nelson Unit Ventilator is all that is 
normalK required in a classroom 
Other Herman Nelson equipment 
especialh designed lor large rooms, 
auditoriums and g\mnasiums is 
a^allable 


Herman Nelson hiJet Heaters 

heat and ideal working temperature lor all 
types ot industrial and commercial build- 
ings Dependability and efficiency proved 
by actual pertormancc in thousands ot 
installations 





a 




Suspended lypt 

A\ailable in eight sizes, each with 
single speed two speed or three speed 
operation on single phase 25, 50 and 60 
cycle, 110 or 220 \ olt current Also for 
single or multi-speed operation on 115-130 
or 230-260 \’olt direct current Three 
phase motors for larger models for 25, 50 
or 60 cycle, 220 or 440 \olt current 

CATALOGUES AVAILABLE on both Herman Nelson Unit \ entilators and Unit 

"“isON C0RP07-iTr0N!"roLraE“fL!!NOTs''”' 


type D 

Available in ten models Each model 
in two depths, 21 and 32 in The 21 m 
unit can be furnished with two, three or 
four tans, and the 32 in unit with tw^o or 
three fans High or low' capacity heating 
element available Furnished normally' 
with direct connected motors, but equip- 
ped with \’ belt drives it desired 
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Hcatin§ and Ventilating Units 


The Herman Nelson Corporation 

General Offices and Faciories at Moline, Illinois 

Sales and Service Offices in all Principal Cities 
Complete Line of Automatic Heat and Air-Conditioning Equipment 



Oil Burning 
Air- 

Conditioning 
Furnace 

A Simple, com- 
pact unit built Irom 
the ground up to 
deluer Automatic 
Heat and Air-Con- 
ditioning efficiently 
and economically 
Stack, electric and water connections are 
made from the rear, leaving the front ends 
iree from obstructions Attracts e in ap- 
pearance, it occupies comparativeh little 
space 

Conversion 
Oil Burner 

Backed b\ 30 
years ot experience 
in the heating field, 
The Herman Nel- 
son Conversion Oil 
Burner is stripped 
ot all unnecessary 
gadgets Of the 
Pressure Atomizing 
Type, burner is tully enclosed Exclusi\e 
Herman Nelson Streamlined Fan Housing 
results in combustion efficiency^ Conies in 
tour sizes 

Oil Burning 
Boiler 

Oil Burning me- 
chanism, boiler and 
domestic hot water 
combined in one 
simplified unit, 
giving high heating 
efficiency' and low' 
cost operation 
Specially construct- 
ed Combustion 
Chamber induces 
rapid circulation Gas flow' divided into 
fine, intensive heat streams Cabinet 
heav ily insulated Remo\ able panels per- 
mit ready' access to all parts 





Coal Burning 
Air- 

Conditioning 
Furnace 

Built to gi\ e 
trouble-tree, low* 
cost heating and 
air-conditioning 
Air-conditioning 
tans ot exclusi\e 
design mounted on rubber in specially 
designed housmg, gi\e quiet operation and 
necessary air deli\ ery Draft dampers open 
and close and circulating tans start and stop 
automatically Heat loss eliminated by 
heav y , cellular asbestos insulation 

Automatic 
Stoker 

The Herman 
Nelson Auto- 
matic Stoker 
burns low'- 
priced coal 
with com- 
plete com- 
bustion Gives maximum heat from 
fuel used Fractional horsepower motor 
mounted in rubber, assures quiet operation 
and low' power consumption All moving 
parts operate in constant bath ot oil 
Tuy'eres, retort and throat extra heavy 
Entire construction gives lasting protec- 
tion against high temperatures 




Self- 

Contained 
Summer Air 
Conditioner 

Cleanses and 
humidities as 
well as cools and 
circulates air 
Only 30 in high, 

15^2 in deep 
and 29^2 m 
w ide, it has a cooling capacity ot 8,000 Btu 
per hour Air discharge is 375 ctm at high 
velocity Sound m ev’ery detail ot engi- 
neering, material and workmanship. 



CATALOGUES AND FOLDERS Available 
fications Write to THE HERMAN NELSON 

971 


For Complete Information and Speci- 
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Heating and Ventilating Units 


John J. Nesbitt, Inc. 

AND 

Buckeye Blower Company 


Manufacturers of Heating, Ventilating 
and Air Conditioning Equipment 


EXECUTIVE OFFICES 
State Road and Rhawn Street 
Holmesburg, Philadelphia, Pa. 


FACTORIES 

Holmesburg, Philadelphia, Pa. 
Columbus, Ohio 


Buckeye Sales and Service Offices in Principal Cities of U S A 


Sales and Service on Nesbitt School Room Unit Ventilators 
through Offices of American Blower Corp 


Below — Cross - section vieu 
showing the Nesbitt Syncre- 
tizer mixing outdoor and 
room air 




Nesbitt Series 400 Syncretizer 

Called Tomorrow’s Heating and Ventilating Unit 
Today, because of its easy adjustment to present or tuture 
ventilation requirements Made in three types or c>cles of 
control — F, A, and 0 All three t>pes recirculate all room air during the heatmg-up 
period, before room occupancy Type F, during room occupancy, introduces all outdoor 
air Type A, during room occupancy, introduces any desired minimum quantity of 
outdoor air when heating is required, and an increasing quantity, up to all outdoor air, 
when cooling is required Type F may be readily converted to Type A cycle of control 
at any time by a simple adjustment w'lthm the unit 
Type O, during room occupancy, introduces a variable quantity of outdoor air without 
a fixed minimum The quantity supplied is governed by the indoor and outdoor tem- 
peratures, and IS that \olume required to maintain a minimum air-stream temperature — 
usually 60 deg — at the fan discharge, before the air passes through the unit radiator 
All three types are made in the same size and style of casing for a given capacity, and 
all have the same arrangement of component parts The differences are m the cycles of 
control All three ha\ e the Nesbitt Airstream Minimum Temperature Control to prevent 
cold drafts Ask for Publication 225 (engmeenng data) and Publication 226 (The 
Story' of Syncretized Air) 

Nesbitt Series B Thermovent — ^for Large Interiors 

A large-volume unit ventilator incorporating three distinct features which have been 
proved essential to the proper heating and ventilating of auditonums, gymnasiums, 
assembly halls, and like gathenng places (1) Quietness of operation, due, in part, to 
large-diameter, forw’ard-curv’ed fans operated at low' speeds, with V-belt drives, (2) 
Modidated Steam Valve Control, with uniform discharge temperatures over the entire 
radiator assured by Nesbitt internal steam-distributing tubes, and (3) Air-Stream 
Minimum Temperature Control, the Nesbitt development which prevents cold drafts 
F umished, like the Nesbitt Series 400 Syncretizer, in three types or cycles of control — 
F, A, and 0 — to deliver all outdoor air, or to partially recirculate, with or without a 
fixed minimum quantity of outdoor air Available in capacities ranging from 2000 to 
6000 cfm, and in two ty'pes of casing, for exposed or hidden location Ask for Pub- 
lication 227 
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John]. Nesbitt, Inc. & Buckeye Blower Co., Heating and Ventilating Units 


Buckeye Giant Unit Heater 

A blower, draw -through t>pe unit heater for the economical 
heating ot large areas in industrial plants, garages, airplane 
hangars, etc Made in a varietv oi caoacities, ranging trom 
ISSO dm LJ9 500 Btu to 19 600 dm, 1,290 000 Btu, w’lth 2 lb 
steam, 60 deg entering air 

Giant Heaters are equipped with Xesbitt Copper Finned Tube 
Radiating Surface tor operating steam pressures up to 150 lb 
gage Also applicable for use on Forced Circulation Hot Water 
Sj stems 

Giant Heaters are built tor Floor Mounting — Wall Mountmg 
(both Standard \ertical and ln\erted Vertical) and Horizontal Suspended 
Wall boxes and outside air dampers can be furnished with all t\ pes 
Giant Heaters are turnished with or without the Thermadjust Damper This efficient 
bypass damper with automatic or hand control prevents overheating and stratification 
and efiects substantial fuel savings b\ controlling heat output in definite relation to 
demand Giant Heaters may be had with either V-belt dri\ e or direct-connected motor 
Ask for Buckeye Publication 145 

Gtant Unit Heaters are tested and rated %n accordance uitfi :ne Standard Tei,^ Code of the 
American Society of Heating and Ventilating Engineers and ire Industrial Unit 
Heater Assocmtion 



■y Buckeye Unit Heater 

^ A rugged, compact, suspended t>pe disc fan unit heater, built 

in capacities ranging from SIO cim, 35,S00 Btu, to 5030 ctm, 
^ AH ' 313,500 Btu, with 2 lb steam 60 deg entering air, and for oper- 

^ ating steam pressures up to 150 lb Also adaptable for use on 

^ Forced Circulation Hot Water Systems Available in either 

^ single- or multi-speed. 

jg Buckeye Unit Heaters may be con\ enientl> located to supply 

S ^ exactl> w'here it is needed, and the louvers are indi\idually 

adjustable to direct the air flow’ to the proper level Hea\’y 
brackets are provided at the top of each heater for attachment 
to hanger rods 

Recirculating ducts or fresh air intake ducts, together w'lth the necessary w’all boxes 
and louvers, will be furnished w’lth these heaters when specified The propeller fans used 
have been specially de\ eloped for these heaters and they combine lightness and durabihty 
with exceptionally high aerodynamic efficiency They are perfectly balanced and are 
securely attached to the motor shaft Ask for Buckeye Publication 144 

Buckeye Unit Heaters are tested and rated in accordance with the Standard Test Code of 
the American Society of Heating and Ventilating Engineers and the Industrial 
Unit Heater Association 


Nesbitt Heating Surface with 
Steam-Distributing Tubes 

Sold by Leading Manufacturers of Fan System Apparatus 

The increasmg application of automatic temperature control 
to heating, ventilating and air conditioning systems has created 
the need for this new’ type of blast steam heating surface Nesbitt 
Copper Heating Surface, through the use of all-copper, fin-and- 
tube construction, retains the rapid steam condensing capacity 
and the permcinence proved for light- w’eight copper radiation, and 
gains unique controllability by inserting, within the usual steam 
tubes, additional or steam-distnbutmg tubes These carry the 
steam equally to all parts of the radiator section, r^ardless of the 
quantity supplied Thus, whether the section is operating at full 
capaaty or merely tempering the incoming air, a uniform discharge temperature is 
assured Possibility of freezing is eliminated under normal operating conditions. Nesbitt 
Copper Heating Surface is made in a wide range of capacities, to meet all conditions 
Fins are made fast to tubes through mechanical construction processes, thus eliminating 
the use of solder or other bonding materials Ask for Publication 229 
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Heating Systems (Orifice) 


AMERICAN RADIATOR C OMPANY 

pivisiofv o? A merican T? adiator & S eanb&rd S anitary C oloration 
40 West 40 th Street, New York, N. Y. 


CONTROLLED WARMTH SYSTEMS 


The Arco Model K Vapor-Orifice System 
IS an engineered and coordinated unit 
which operates to insure equal distribution 
ot warmth On each radiator there is in- 
stalled a special inlet \al\e with an adjust- 
able orifice, b> means of w hich flow 
ot steam to each radiator can be 
accurately calibrated in accordance 
with the capacitj of the radiator 
The adjustment can be made while 
the system is in operation 

Pressure is so controlled that no 
more steam is admitted to the radi- 
ators than the\ are capable ot con- 
densing Therefore no thermostatic 
traps are required on the return con- 
nections ot the radiators A ther- 


When a zone s>stem is used, the zone 
\al\es prevent the selt-equalizmg action 
and it is necessary to install an Arco 
Condensation Pump to insure the return 
ot condensate to the boiler 


Sthematu Piping 

Airanqement oj Simple Model K System 

mostatic air eliminator equipped w’lth a 
vacuum check is provided If the pressure 
through inad\ertence should exceed the 
design pressure, steam w ill enter the return 
lines, close the vent port of the air elimi- 
nator, and the system w'lll automatically 
equalize itself, insuring the return of con- 
densate to the boiler 


I I 

MJ 




See aho Pages S98-901 
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Schematic Piping 

Arrangemtnt of Zoned Model K System 

Simplicity of design and moderate 
cost make possible the installation of 
this system for little more than the 
cost of a One Pipe Steam System 

“Standard Specifications” and 
“Design and Installation Guide” 
including all details are available at 
American Radiator Company branch 
offices 


USED WITH MODEL K SYSTEM 
Arco No. 900 Adjust- 
able Orifice Valve-^^n- 
fice may be adiusted per- 
manently to “meter” the 
correct amount of vapor 
to each radiator according 
to Its capacity, to effect 
balanced heating 




Heating Systems (Hot Water) 


Davis Engineering Corporation 

HEAT TRANSFER SPECIALISTS SINCE 1915 


Branch Office 

90 West Street 
New York City 


^BarsfidU 


General Office and Factory 

Elizabeth, N. J. 


PRODUCTS — Davis Automatically Fired Boilers, Paracoil Storage 
Water Heaters, Instantaneous Water Heaters, Fuel Oil Heaters, 
Oil and Water Coolers, Distillers, Feed Water Heaters, Feed W’ater 
Filters and Grease Extractors, Steam Traps, Evaporators, Converters, 
Preheaters, Hot Water Generators, Condensers, Heat Exchangers 


Years of trouble-free service without 
excessive maintenance charges have been 
the aim in the design of Paracoil appara- 
tus Paracoil Heat Exchange Products 
are preferred by many leading industrial, 
naval and building engineers Many 
large ships and famous buildings have 
Paracoil heat transfer equipment Special 
heat transfer problems invited Wnte for 
bulletin on products in which you are 
interested 



PARACOIL STORAGE 
WATER HEATER 



PARACOIL INSTANTANEOUS 
U-TUBE TYPE W ATER HEATER 

Ideal for apartment houses, hotels etc 
Connected below w-ater line ot boiler, heats 
water supply when fires are banked Cast- 
iron or steel shell, heating elements of 
seamless drawn copper 
Capacities 300 gal and up ■''below water 
line installation I or 20 gal and up (live 
steam installation^ 

Catalog on request 

PARACOIL FUEL OIL HEATER, 
TUBULAR AND COIL TYPES 


For healing and storing hot water ior 
apartment houses, office buildings, hospi- 
tals, laundries, etc Operates with boiler 
water, exhaust or li\e steam as heating 
medium Steel plate storage water shell 
with removable seamless drawn copper 
heating coils Any pressures specified 
Capacity 40 to 25,000 gal per hour 
Capacity tables, calculating data, etc on 
request Write lor catalog 



TUBULAR HEAT EXCHANGERS 
For cooling lubricating oil or 
water and similar heat exchange 
uses Removable or non-re- 
movable tube bundle as required 
Transverse or Longitudinal Baf- 
fling as required Floating tube 
sheet and head construction or 
shell expansion joint compen- 
sates for expansion and con- 
traction strains Built in single 
and multi-pass types Small 
space requirements Wnte for 
information. 


RanD System of Fuel Oil Preheating 
in Storage Tanks 

Efficient and 
compact, remo\ able 
heating element, 
freedom from ex- 
pansion and con- 
traction strains 
Designs permitting 
easy cleaning 
Turbulent flow’ of 
oil assures high heat 
transfer Unusually 
low’ pressure drop 
or friction loss 
Variable baffle 
spaang gives van- 
able velocity in pro- 
portion to change 
m viscosity Hori- 
zontal or vertical 
installation 
Wnte for catalog 




Seetton, of Paracotl Tvbular Heat Exchanger 
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Heating Systems {Hot Water) 


Bell and Gossett Company 

3000 Wallace Street Chicago, 111. 

HOT WATER SYSTEMS AND SPECIALTIES 


B & G INDIRECT WATER HEATERS FOR STEAM AND VAPOR SYSTEMS 

Satinga below are oaseo on 1(X) degree nse m three hours with boiler water temperature 
of ISU Qegreea or more 



Description 

No 

Capacity 

G^ons 

Max 

Length 

Inches 

Max 

Width 

Inches 

Shell 

Openings 

Inches 

Coil 

O^ieiungs 

Shipping 

Weights 

Pounds 

SINGLE COIL 
For residences of 
all sizes Duplex 
apartments and 
small buildmgs 

30 

40 

60 

70 

90 

100 

120 

150 

30 

40 

60 

70 

90 

too 

120 

150 

liV4 

20 V 4 

223/4 

251/4 

Wn 

% 

i 

P/2 


12 

13 

15 

29 

39 

40 

42 

46 









For larger apart- 

160 

160 

12 


2 

11/2 

53 

menta. garages. 


200 

143/4 

1IV$ 

2 


59 

medium sized fac 


300 


IHA 

2 

vA 

78 

tones and office 


400 

233/s 

w/i 

2 

vA 

86 

buildings 








TRIPLE COIL 


600 

213/8 

1554 

3 

21/2 

lEIfli 

For heavier re- 


800 

253/8 


3 

?/? 


quirements 


1000 

29V4 

153/4 

3 

2'A 

290 

DOUBLE 
TRIPLE COILS 

1200 

1600 

2000 

1200 

1600 

2000 

233/4 

271/2 

303>5 

29 

29 

29 

4 

4 

4 

I 

568 

642 

716 


B & G TANKLESS HEATER 

This B & G Tankless Type Heater has 
been designed to fulfill a need for a heater 
of unusual capacity that could be installed 
in boiler rooms lacking space for storage 
tanks 


For all Steam, Vapor and Hot Water Heating Boilers 



Senes 

Number 

Coil 

1 Openmgs 

Shell 

Openings 

Boiler Water Capacities 

180 F 200 F 1 212 F 

Length 

Diameter 

Shipping 

Weight 

Pounds 

12 


2" 

110 

175 

225 

26^^ 

12'^ 

80 

1b 

W 

2" 

145 

246 

1 305 

35^^ 

12*' 

100 

20 


' 21/2" , 

175 

300 

375 

34// 

12'' 

130 

30 

' V 4 ' 

3'^ 

250 

430 

516 

5r 

12" 

180 


B & G THERMOCHEK CT 

Controls automatically the temperature of hot water storage tanks heated by ffn 
__i ^ simple, completely autojnatic device that prevents lime JS& 


indirect heaters 
and sediment formation in the heater coils 



B & G MONOFLO 
FITTING 

This fitting IS used on 
mechanically - circulated 
one-pipe hot water sys- 
tems When installed in 
the mam at each radiator connection, it 
assures a balanced system with short cir- 
cuits eliminated and all radiators receiving 
their full quota of hot water 

Sizes 1 in , 1 14 in , in , 2 in 


Sizes 1 H in and 2 in 

B & G No. 3 DUAL UNIT 
A better combination Relief- Reducing 
\’alve at low 
cost Body 
and all parts 
exposed to 
water are 
bronze Extra- 
large chemical- I 
ly treated com- ^ 
position dia- 
phragm Relief 
Valve opens at 28 lbs pressure Reducing 
Valve easily adjusted for various building 
heights 
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Bell and Gossett Company 


Heating Systems (Hot Water) 



tNoTE — Bell and Gossett Company ha\e al\^ays recommended the use of a Flo-Control Valve m both feed 
and return mam to prevent any possibility of an air-bound boiler or of radiators heating by back arculation 
in summer If the system, hov^ever, has a D & T A.ir-Cushioned Tank installed in exact accordance vitn 
our instructions, a Type "C” System, using onl> one Flo-Control, will work satisfactorily 



D & T SELF-FILLING, AIR-CUSHIONED 
PRESSURE SYSTEMS 

Self-Filling Air-Cushioned Tank Equipment consists of 
a D & T Air Tank and a D & T No 500 "All In One” 
Unit which is a combination relief and pressure reducmg 
valve, pwforming the double duty of relievmg excess 
pressure and keeping the system filled with water 


Capacity 
Sq Ft Radiation 


System 

No 

Capacity 

Sq Ft Radiation 

518 

Up to 500 ft 

524 

Up to 800 ft 

530 

Up to 1200 ft 

535 

Up to 1600 ft 


Up to 2000 ft 
Up to 3000 ft 
Up to 4000 ft 


D & T SIMPLEX TANK-IN-BASEMENT PRESSURE SYSTEM 

This system consists of an air-tight D & T Compression Tank, D & T 
Simplex Relief Valve (illustrated), and D & T Vacuum Breaking 
Valve Made in 8 different sizes ^\lth capacities up to 5000 sq ft of 
radiation 











Heating Systems (Hot Water) 




Taco Heaters, Incorporated 


Heating Systems {Hot Water) 


TACO TANKS 




Tank 



Lp t 

Caoac 

t es, Ga^ o"s 

p I Hour 

Smpoing 

W'ei^t 

Gal- 

vanized 

Capacity, 

Gal 

Size 

In 

Conn 

In 

Gauge Metal 

Gal\ anized 

Heating 

Con -1 

In 

Heated ‘rorp 50 tol50®r 
Be'o« W ate*" Lare 

Heated 
50'to 180‘F 
Steam 0 Lb 

Gauge 

Pressure 

Shell 

Head 

Sq Ft 

Bone’’ 

■Xate- 

at212"F 

Bo ’e’- 
M^ate*- 
atlSO^F 

40 

16x48 

6-1 : 

iOga- ^ 

7 ga ft 

6 

2 

80 

40 

120 

202 

66 

18x60 

6-1 I 

lOga-'^ 

7 ga--,. 

6 


so 

40 

120 

263 

82 1 

1 20 x 60 

Ml'? 

10 ga-'„i 

7ga-'6 

7U 

2 


50 

150 

2 % 

too 1 

22x60 

6 - 1 ' 2 1 

9ga-’j 

7 ga -■*> 

7>'2 

2 

100 


150 

318 

120 

24x60 


7ga-jb 

3 ga -• 4 

, 7>2 

' 2 

100 

50 

150 

450 

144 

24x72 

6 . 1 ; 5 

7ga-'itt 

3 ga 4 

9 

2 

120 


180 

601 

180 

30x60 

6-1'/2 1 

7ga-'te , 

3ga.-4 

1 13' 2 

3 

180 

90 

270 

800 


wivauizea v,copper Dcaring steel I duu lb test pressure, 1^7^ 
or Everdur 250 lb test pressure, IO 6 J 4 ib Aork^ng pressure 


lb o-k.ng pressure Copper Morel Metal 


TAGO-TROL SYSTEM Heating Specialties for Hot Water Systems 

Advantages of the Taco-Trol System — All radiators heated uniformh — Rapid 
heating of radiators — Efficient heat control — Dependable hot water supply — Lower fuel 
consumption — Less pjping — Smaller radiators — A saving m time and labor. 

Operation — Taco-Trol System is a forced circulating one-pipe hot water heating 
system which performs double duty of heating the home to uniform temperature during 
the w’lnter months and pro\ides an all-\ ear-round domestic hot water supply 

The heat is supplied, when needed, rapidly and automatically through tfie employ- 
ment of a Taco Circulator and a Taco Check When no heat is required, the Circulator 
stops, the Check Valve closes, and an Aquastat maintains a temperature m the boiler 
just sufficient for domestic hot w'ater purposes A transtormer relay is necessary with 
low-voltage thermostat 

Taco Hot Water Heating Specialties can be used on either one-pipe or two- 
pipe hot water heating systems but Taco-Trol fittings make possible the use 
of a one-pipe system^with considerable reduction of labor and material costs. 



Taco Check Valve 



TACO CHECK 

A high grade care- 
fully balanced auto- 
matic flow v^alv’e for 
horizontal installation 
A stainless steel shaft 
protruding to outside 
facilitates hand oper- 
ation for cleaning 
Taco Check X’alves 
are made in sizes cor- 
responding to Taco 
Circulators 


FLOUT TO 



I fiEnauf FooM ttAtm&L 

Taco-Trol Ftf*ing 


TACO CIRCULATOR 
^lade in fiv’-e sizes 1, and 2 in direct driv'e. 3 in 


belt driven vnth either 3 or 4 in impeller 
lurnished 110 volt, 60 cycle capacitor motors 


Regularly 


Taco Circulator 


Circu- 

lator 

Size 

In 

Capacities Radiation , 
Square Feet | 

1 

! — '! Dimensions, In 

Domestic 1 ' 


Circu- 

IHot Waterll 



Taco-Trol 
One Pipe 
System 

Two Pipe ! 
System ^ 

lated 

Minute 

1 Storage 
' Tanks, 
Gals 

1 Face to 
|| Face of 

Ij Flanges 

Overall | 
Height 
Approx 1 

1 

Hp 

1 

1 750 

500 

15 

1,000 

|l 8U 

I8'/2 1 

j 1/8 

l'/2 

1 1000 

800 

30 

1,500 

*'4 


1/8 

2 

2000 

2000 

60 

2.000 

ll 9 

19'/2 I 
18'/4 

K6 

3A 

4000 

4000 

100 

3,000 

:! 13 ' 4 

1 '3 

3B 

5000 

5000 

130 

4,000 

j 13'.4 

18^4 

L2 
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Heating Systems (Hot Water) 


H. A. Thrush & Co. 

Peru, Indiana 

Service and Sales Offices in Principal Cities 


THRUSH FLOW CONTROL SYSTEM 



Patent Reissup No 19873 


T. 


iri n * 1 c advantages to be gained from the addition of Thrush 

t low Control System to any hot water heating plant, old or new It makes the job heat 
quickly, pre\’ents overheating, heats every radiator in every room uniformly, furnishes 
domwtic hot water supply Monomically as a by-product, and permits the y^ 'round 
use of the heatmg roller and automatic firing device to supply domestic hot water It 
also mffeases the efficiency of the firing device and reduces fuel consumption On new 

work It permits the use of smaller pipes and va* ' ■ ’ * . 

Thrush Equipment 


lUCl WUSUliipLlOn UH HOW 

1 valves which completely offset the cost of 



Thrush Water Circulator 


FORCED CIRCULATION 

Thrush Flow Control System consists of a Thrush Water 
Circulator a Thrush Flow Control Valve, a No 201 Thrush 
^diant Heat Control, a No. 12 Thrush Pressure Reducing 
Valve, a No 4 Thrush Differential Pressure Relief Valve 
and a special airtight Thrush Pressure Tank This con- 
verts an opro gravity job to a closed pressure system with 
automatic filling and maintenance of the proper water 
supply, automatic relief of excess pressures, adequate 
provision for expansion when the water is heating and 
complete mechanical control of circulation It also antici- 
pates outside temperature changes The heating plant 
becom^ completdy automatic, flexible and quick to 
respond to the slightest need for heat 
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Heating Systems (Hot IVater) 


H. A. Thrush & Co. 

Peru, Indiana 

Ser\ice and Sales Offices in Principal Cities 



SIMPLE CONTROL 

Provides a simple method ot contro’lng circulation 
The water in the boiler is nnainiamed at a constant 
temperature and cannot pass through the Flow Control 
\’alve to the radiators unt’l ’■he Thrush Raoianr Heat 
Control calls Ujr heat 


Thrush Flou Control Valie 


NO OVERHEATING 

When the Thrush Radiant Heat Control operates it 
actuates the Thrush Circulator which quickly forces 
w’ater through the Flow Control Valve to ever> 
radiator m the house, restoring room temperature 
almost instantly Then the Flow Control \'alve 
shuts off all further circulation, preventing over- 
heating and attendant waste of fuel Running time 
of firing device is shortened 

Air and gases are vented and expansion provided 

for beneath the valve seat, an 
. exclusive Thrush feature, so 

fli vahe closes tightly 

Reducing JB ^ Thrush Flow Control Vahes 

Valve jir^ ^ and Thrush Water Circulators are made in 

five sizes so that the s\ stem ma\ be adapted 
to any size plant Installation is inexpensive 
and eas>. The Thrush Circulator is a silent, 
efficient, electric motor dri\en water circu- 
lating pump 




4 — DtStrerhal Prn^urt 
RHiet Vakt- 


THRUSH TANK IN BASEMENT SYSTEMS 


Thrush Tank In Basement Systems are closed or pressure systems without the forced 
circulation and flow control features, but 
with draft regulation, if desired Putting 
the system under pressure increases cir- 
culation and quickens heat distnbution 
Installation cost is reduced because 
smaller pipes and valves may be used 
Thrush Tank In Basement Systems 
are made in different types to care for hot 
water heating jobs of every conceivable 
kind, all providing the ad\'antages of the 
closed system with increased circulation 
Each system is made in sizes to care for the 
needs of any job 

Class A 4 Tank In Basement 
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Instruments 


The Bristol Company 

Pioneers in Process Control Since 1889 

Waterbury, Connecticut 

Branch Offices Pittsburgh, Pa 

\KRos Ohio Chicago, III Los Angeles, Calif St Louis, Mo 

Birmingham, Ala Den\er Colo New York, N Y Seaitle, Wvsh 

Boston, Mass Detroit, Mich Philadelphk, Pa S\n Francisco, Calif 


The Brimoi- Co of Can ada, L td , t>4 Princess Street, Toronto, Ovt , C wad a 
Bristol s Instrument Co , Ltd , North Circular Road, London, N W 10, Enoi and 

TRAOE'MARK 


BRISTOL’S 


RSQ U • RAT OPPIOC 


Recording Pressure Gages 

For securing continuous 
day and night records of 
pressure or vacuum for 
steam, air, gas and 
liquids Fumidied with 
charts reading in pounds, 
ounces, feet, inches, 
metric or any other 
desired units for ranges 
from full vacuum to 
12,000 lb per sq in 

Recording, Indicating Thermometers 
For all commeraal ranges from 60° F below 
to 1000° F above zero. 

Electnc Indicating Thermometer indicates 
temperature at any number of distant 
points 

Metameter for Telemetering 
Consisting of (1) a recording receiver in 
>our office or other central place, (2) a 
transmitter at the far point where the 
measurement is made, and (3) a simple 
circuit of tw'o small gage wires (or any 
existing telephone line) for carrying the 
electric impulses automatically sent out by 
the transmitter,^ the Metameter tells 
accurately and instantly how pressure, 
temperature, or flow is fluctuating at any 
pomt a hundred feet or several thousand 
miles aw'ay. 

No mterference with or from power, light 
or telephone lines Easy to read 12 in 
diameter chart, with wide open scale. 
DC or A C , 25 or 60 cycles, self-checking 

Automatic Tempera- 
ture Control 
A complete line of Auto- 
matic Control Instru- 
ments is available for 
temperatures up to 3000° 
F. These are suitable for 
application to steam, oil, 
gas and electnc heated 
equipment Both electnc 
Metameter Tranmitter, ^ur operated models 
ytodd MS5T are furnished 




Since Bristol makes both 
control instruments and 
automatic valves, it is able 
to develop the complete 
control system as a unit 
Bristol has the experience 
and facilities correctly to 
engineer the system and 
to assume individual re- 
sponsibility for the success 
of the results secured 

Direct Reading 

Relative Humidity 
Recorder 

Chart record shows at 
a glance the trend of 
humidity condition 
Novel vapor-sensitive 
hygroscopic element 
Special aging process 
assures sustained ac- 
curacy Eliminates 
calculation, and use of 
humidity tables No water required No 
fan used Accurate below freezing tem- 
perature L»ght portable corrosion-resist- 
ing case 

Flow Meter for Steam, Liquids, Gas 
Employs oriflce and mercury manometer 
system of measurement Meter body is of 
forged steel, with stainless steel parts in- 
side the mercury chambers All connec- 
tions are welded or mechanical The 
stuffing box is of hardened stainless steel. 
Grease-packed and leak-tight 

For working pressures up to 1000 lbs 
Special bodies available up to 3000 lbs 

Industrial Stem Thermometers 
With plain or red background Fixed 
thread union connection or socket design 
Straight form, or rear oblique, right side 
and left side angle forms 

Wet- and Dry-Bulb Psychrometer 
Accurate and dependable instrument by 
which relative humidity or atmosphenc 
moisture may be determined Available 
in self-contained and distance types 


Modd 5240M 



ThemuhHumtdigraph , 
Model 4069 
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Instruments 


Brown Instrument Division 


of Minneapolis-Honeywell Regulator Co 

Main Office and Plant 


Philadelphia, Pa. 


Equipment available throui^h more than sivt> Minneapolis- Hone j veil Branch Offices 

Stt Ust oj ninui> unUti 1 > nipinHiot C'<rV >„ C u -r , j HI , T F W' 



Bro%'H Recording Resistance 
Thermometer 




Brown Portable Thermometer 


Brown Instruments 

The extent to which air conditioning equipment is 
being used in office buildings, theatres stores, 
mdustnal buildings, etc , has opened up a wnde 
demand tor md'cating and recording resistance 
thermometers because the temperatures throughout 
these air conditioning ss stems should be checked 
penodicalK to get the best results at minimum 
operating cost 


Indicating 

To obtain unitorm conditions trom modern equip- 
ment, It IS necessarj that the one in charge have a 
visual picture of actual conditions If the individual 
units of the system are controlled automatically, the 
operator will know w hen this control is adequate and 
w hen it is not Whether automatic or manual, the 
Brown Resistance Thermometer w'lll detect all 
variations, allowing the operator to maintain the 
conditions as set forth in the specifications 


Recording 

Uniformit> ot temperature and the consequent 
control of humidity depends on reliable facts 
obtained concerning w et- and dry-bulb temperatures 


Controlling 

Because the three-lead Browm Resistance Ther- 
mometer IS entirely independent of variations in 
lead resistance, variation in bulb location lengths, 
number of bulbs, etc , it affords an excellent means 
of obtaining reliable results Bulbs may be placed 
at will or changed from one location to another, 
instruments may be moved about, and readings or 
records taken without any delay due to recali- 
bration of leads, instruments or bulbs. 


In addition to Resistance Thermometers, the Brown Instrument Division 
manufactures 

Thermometers Flow* Meters 

Hygrometers CO2 Meters 

Pressure and Vacuum Gauges Tachometers 

Potentiometer Pyrometers Liquid Level Gauges 

Write for catalog on **Brovn Instruments for Heating, Ventilating and Air Conditioning'* 
which includes a complete set of sample specifications 

See also Pages 1 1 14-1 Ho 

983 



Instruments 


Consolidated Ashcroft Hancock Co., Inc. 

Bridgeport, Conn. 

BRANCHES IN PRINCIPAL CITIES 

Makers of AMERICAN INDUSTRIAL INSTRUMENTS— Since 1851 

Manufacturers of Indicating and Recording Gauges, Gauge Testers: “U” Gauges, Draft Gauges: 
Indicating and Recording Thermometers, Tachometers; Dial Thermometers, Pressure and 
Temperature Controllers, Electric Temperature Controllers, Pop Safety and Water Relief 
Valves, Steam Traps, Engine Indicators, Counters; Absolute Pressure Gauges. 

Also manufacturers of Bronze, Cast Steel and Forged Steel Valves, Locomotive and Engine Room 
Clocks, Barometers; Mercury Column Gauges, Steam Whistles, Hydra ulagraphs. Gauge Boards 


Ashcroft American Gauges — Ashcroft 
Amencan Gauges are made in all sizes from 
2}^ to 12 in , for pressures from 8 02 to 
25,000 lb and also 
for vacuum Cases 
are cast-iron or cast 
brass The move- 
ments are Hea\’y 
Duty and all bear- 
ings are Monel Met- 
al. Wnte for Cata- 
log No A-59 

For Mercury 
Pressure and Vacuum Gauges, “U” 
Gauges, Draft Gauges and Mercurial 
Barometers, write for Catalog B-59. 

American Recording Gauges — Amen- 
can Recording Gauges are made for all 
pressures from 15 in of water to 10.000 lb 
and for vacuum. 

They are made in one 
size only to accom- 
modate a 10 in. chart, 
having an eflFective 
scale width of in. 

The case is Die Cast 
with a dull Slack 
hard-rubber finish 
and with either bot- 
tom or back connection. The pen-arm is 
made of non-corrosive Monel Metal and is 
of the inverted type Operating instruc- 
tions are lithographed on the chart plate so 
that they cannot be lost. 

Especially designed Seth Thomas clocks 
are used, and all customary time periods 
can be furnished 

A inerican Recording Gauges are equipped 
with the Time Punch which virtually 
makes each instrument a time clock, since 
a hole is punched in the chart whenever a 
reading is taken. Wnte for Catalog E-69 

American Air Duct 
Thermometer-Designed 
especially for both warm 
and cold air ducts. Fitted 
with chromium plated 
frame, glass front Fur- 
nished with 9-in or 12-in. 
scale graduated 0-160 F 
Write for Catalog F-59 


American Recording Thermometers — 
Made for recording temperatures from 
minus 40 to plus 1000 F. 
or equivalent C. Very flex- 
ible connecting tubing up 
to 200 ft One size to ac- 
commodate 10 in chart, 
with an effective scale 
width of 3^ in 
Same case as for the 
American Recording 
Gauge, so that all instru- 
ments are uniform in ap- 
pearance when mounted 
on Gauge Boards Write 
for Catalog H-59 

American Dial Thermometers — Ameri- 
can Dial (mercury-filled) Thermometer has 
the accuracy of the standard glass tube 
thermometer and the 
reading convenience of a 
dial face Entire working 
mechanism is made of 
steel, meaning long life 
Six sizes, ranging from 
43 ^ in to 12 m diameter 
dials Furnished with 
rigid connection or flexible 
capillary tubing up to 200 
ft For temperature 
ranges from minus 40 to 
plus 1000 F Write for 
Catalog G-59. 


American 
Precision 
Temperature 
Controllers — 
Self-operated 
For regulating 
temperatures 
from 20 to 
475 F For hot 
water service 
tanks, water 
heaters, etc 
Size of valve 
must be speci- 
fied Write for 
No 2200 Bul- 
letin 
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H-B Instrument Co., Inc. 

2523 North Broad Street Philadelphia, Penna. 

^ttXLZ V\-l. - b - 

Accurate Testing Instruments For Air Conditioning Engineers 


What Instruments Mean To Industry | 

The accurate measurement of tempera- 
tures and humidity is essential in practi- 
cally all processes of industry Only with 
the knowledge supplied by such measure- 
ments can established processes be dupli- 
cated or better methods be developed I 
Only by such knowledge can costs be j 
determined and economies be effected 


Motor Operated Aspirating 
Psychrometer 

The H-B aspi- | 
rating ps>chro- | 
meter is offered 
in two portable 
types the self- i 
contained battery 
type and the plug- 
in-type, operating 
on 110 Volts, 60 
cycles, A C Both \ 
models employ . 
the pro\en aspi- ' 
rating principle ot 
drawing air at 1 
proper velocity b> i 
motor driven fan, \ 
across the sensitive mercury bulbs of two i 
thermometers calibrated in single degrees 
Request Bulletin 650 j 


Combination Recorders 1 

Humidity and Temperature | 

Sensitive Elements — 1 
The Hygroscopic or Hu- j 
midity Element is special 
multiple human hair I 
Temperature element is ■ 
spiral special bimetal 
Portable with strap j 
handle, self-contained | 
with week’s supply ot 
charts, extra pen and ink 
Compact — 8 3^ x 5Ji x ] 
23:4 in , weight 52 ounces 
Charts are standard index cards, 3 x 5 in 
with reverse side ready to fill in date and 
record 

Case IS die cast aluminum, satin silver 
finish w’lth square gnd back for exposing 
elements to temperature and humidity to 
be recorded Request Bulletin 650 




Sling Psychrometer 

Aluminam frame and pivot 
handle panition between bulbs 
to prevent moisture from stnx- 
ing dry bulb dunng sw mg 9 m 
thermometers range 10 to 110 
F , deg sub-divisions Re- 
quest Bulletin 650 



Pocket-Handle Type g 

Brass Armor-chromium plated a 

desimed so that armor becomes 1 

handle when slipped over ring top j ^ 
and bayonet is engaged, depend- : 

able pocket clip, “stays put” \ ) 

overall 7 in x " i g in thermometer 
4^4 in Stock ranges minus 30 to j 

220 deg up to 30 to 1000 F j * 

Request Bulletin 650 


Glass Front Industrial Thermometers 


Easy to read Red 
Reading Mercury' Tubing. 
Heavy engraved scale 
plates Nickel plated 
brass parts All standard 
ranges highly' finished and 
accuracy guaranteed. 
Request Blue Book Part 3 

Midget Thermometers 
Brand new’ equipped 
with easy to read canary' 
lens front tubing Chro- 
mium plated brass armor 
Angle and straight ty’pes 
Request Blue Book Part 3 



Dial Thermometers 
Impro\ed Bourdon Tube 
Vapor Tension Type Rigid 
and Capillary Type Chromi- 
um Plated Brass cases 2'i 
and 4 ^^2 in diameter dial 
standard ranges Request 
Blue Book Part 3 

H. B. Catalogs Available 
W’rite for Catalogs — 

Blue Book Part One. On Engraved 
Stem Laboratory^ Ty pe Thermometers 
Blue Book Part Two — Hydrometers 
Blue Book Part Three — Industnal 
Type Indicating Thermometers Dial and 
Recording Types 

Bulletin 650 — Accurate testing instru- 
ments for air conditioning engineers 
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Illinois Testing Laboratories, Inc. 

422 N. LaSalle Street, Chicago, Illinois 

TESTING ENGINEERS AND MANUFACTURERS 

“Alnor” Indicating Pyrometers — Portable and Stationary, “Alnor” Surface 
Temperature Pyrometers, “Alnor” Distant Reading Resistance Thermometers, 
“Alnor” Velometers I'Boyle Type) — Air Velocity Meters. 



Ftg 1 — Showing Tube Type Velomeier with No 3 
Angle Jet taking atr velocity of grille 


Ftg 2 — Showing 7 ube Type Velometer with Duct 
Jet taking readings directly in the duct Duct Jet 
furnished 18 in or SO in long 



“ALNOR” (BOYLE TYPE) VELOMETER 

The Instantaneous Direct Reading Air Velocity Meter 

The Velometer is a direct reading instrument which gives accurate and instantaneous 
readings of the speed of air measured m feet per minute 
The indicator or meter is housed m an attractive black Bakehte case 5^ t in \ 5^4 in 
X 2^8 in and -weighs approximately 2 lb 

The air which enters the meter actuates a movement comprising a swinging vane, 
control hair springs, pointer and a magnetic damping system 

No mathematical calculations or stop watches are necessary to determine the velocity 
reading as the pointer indications are a direct measurement of air speed 

While the Velometer is offered in three types, the Tube Type is by far the most popular 
This type uses attachments called jets for most of the velocity readings The style of jet 
to be used depends on the requirements or purpose for which it is used 


No. 2215 Averaging Jet — ^This jet is 
offered for obtaining velocities of ordinary 
duct openings or gnlles With this jet, 
average velocity readings over a 4 in 
circle can be quickly obtained 
No. 2220 and No. 2240 Jets— These 
jets, angle and straight have small orifices 
to give spot velocities over a 3^ in diame- 
ter The Velometer with these jets pro- 
\ides accurate spot velocity readings of 
irregular shaped or slotted openings or 
other small velocity streams, locates leaks 
in duct systems and other similar service 
that w’ould be difficult by other means 
No. 2425 Duct Jets 18 In. and 36 In. 
Long — ^These jets are offered for direct 
\elocity readings in ducts The Duct Jet 
IS, in effect, a double jet using two tubes 
and two meter fittings With this jet, 
static pressure is balanced out or sub- 
tracted from total pressure and the net 
result or velocity pressure is read directly 
on the scale of the Velometer in feet per 


minute Thus no calculations are neces- 
sary Inch marks are provided on the jet 
for the convenience of the user 

No. 2460 Static Pressure Jet — This 
jet provides direct readings of static 
pressures of ducts, plenum chambers or 
pipes in inches of water 
No. 2485 Total Pressure Jet — This jet 
gives direct readings of total pressure, in 
inches of water Inch marks are provided 
on this jet to enable the user to place the 
jet at the desired distance in the duct. 

Other Jets — Other varieties of jets are 
available for special applications, but in 
general, the jets described above will 
enable the user to check and balance a 
complete air duct system of any size 
The Velometer will be found indispen- 
sable by any heating, ventilating or air 
conditioning engineer or contractor or 
manufacturer of equipment 

Write for Complete Folder 
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Leeds & Northrup Company 

General Office and Works 4941 Stenton Avenue. Philadelphia, Pa. 


Chicago St Locis 

Boston 

Los \hGBLES San Francisco 


Branch Offices 



Clefjlant) DrTEorr 

PirrsBT^SH 

EorsTON Ttxsa 


RUGGED, NULL-TYPE INSTRUMENTS THAT ARE RELIABLE 



Vfodd S Mteromax Recorder 


Records from 1 to 16 points on a single stnv- 
ehart Extremely open record Can overate 
signals {\0ou.t 1,15 



Model B Mteromax Boarder 
Records 1 or 2 voinzs on a rounds 
c'MX’T Has extremely readaote diat 
Car overact' eiffrais { ioou* 1 lo*h 
ci:e, 



Smiehboard Indicator 
Sandroperatea Con t>e 
sonneeted itirongn se^etor 
smieres to any nnvatr o* 
vci*-i3 1 JC'*A 


Electrical Thermometers for | 
Air Conditioning 

No method for measunng temperatures | 
fits the specific needs of air conditioning as ] 
does the three-lead null-type resistance i 
thermometer method It is independent i 
of distance and disregards all tempera- i 
tures except those right at detector loca- j 
tions The detectors (resistance thermo- 
meter bulbs called Thermohms;, can be I 
placed anywhere — in rooms, air ducts or I 
water lines They are connected by j 
simple electncal wiring to instruments at 
a central location Instruments may be 
Micromax Recorders, Model S for up to 
sixteen Thermohms, Micromax Model R, 
for related pairs such as wet and dry bulb , 
indicators with switches for any number of 
Thermohms^ or indicating and recording 
combinations 

This equipment is fundamentally re- 
liable Instruments and Thermohms are 
highly responsive, yet rugged m construc- 
tion A complete system is easy and 
economical to install, regardless of dis- 
tances. It is easy to operate and demands 
minimum maintenance Thermohms and 
instruments are interchangeable, and can 
be replaced without disturbing winng or 
returning anything to the factory 

L&N Resistance Thermometers make 
it possible to operate efficiently, to main- 
tain comfort or correct process atmosphere 
constantly . so that maximum return is 
realized on the entire conditioning invest- 
ment 
J-225a(2) 


Electrical Instruments for the 
Heating Plant 

The facts needed to operate a modern 
heating plant so as to save fuel, to protect 
equipment, and to operate efficiently at 
varying loads are provided reliably by 
rugged L&N instruments Readings can 
be indicated or recorded or both Re- 
corders can be equipped to operate signals 
or alarms that warn the operator of 
extreme conditions In some cases the 
instruments control automatically 

Micromax Model S provides a per- 
manent record of conditions at from 1 to 
16 points on one wide-scale chart. Mioro- 
max Model R concentrates on conditions 
at one point, provides a permanent record, 
and has a giant indicating dial that can be 
read at a glance. The switchboard in- 
dicator provides intermittent checks on 
conditions at one or several points. 

In the heating plant, L&N measunng 
signalling or controlling equipment is 
used for 

Metermax Combustion Control 
Furnace Pressure Control. 

Smoke Density Analysis 
Flue Gas Analysis (Percent COa). 

Flue Gas Temperatures 
Steam and Water Temperatures 
Boiler-Furnace Temijeratures. 
Electrolytic Conductivity of Water 
Percent Leakage of Cooling Water 
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Instruments 


Tcu^lor Gmi/mniu 


Rochester, N. Y., U. S. A. 


IN CiNADA—TiTLOB Instbumbot Goupanhs of Canada. Ltd , Toronto 
NE^V YORK PHILADELPHIA LOS ANGELES ST LOUIS DETROIT 

CHICAGO PITTSBURGH INDIANAPOLIS CINCINNATI ATLANTA 

BOSTON CLEVELAND SAN FRANCISCO TULSA MINNEAPOLIS 


Manufadunno Dittnbutort tn Oreai Rntetn, Short A Maton , Ltd , London 

Manufacturers of Taylor Instruments for Indicating, Recording 
and Controlling Temperature, Pressure and Humidity 


W' 




Taylor Industrial 
Thermometers — with 
new “BINOC” Tubing 
— ^This line of thermome- 
ters includes many styles 
and scale ranges \Mth 
bulbs for every applica- 
tion Suitable for air 
ducts, kiln temperatures 
and oven temperatures 

But these thermometers con- 
tain a new and radical develop- 
ment of tremendous importance 
Tuhtng This newly 
designed and optically correct 
glass tubing assures an ease of 
reading that has been generally 
lacking in industrial thermome- 
ters It has a triple-lens con- 
struction that gathers three 
times as much light as the usual 
single-lens tubing and concen- 
trates it much more strongly on 
the mercury column A much 
wider background 
behind the mercury 
column eliminates 
bore reflection 
“B/iVOC" Tubing 
more than doubles 
the angle of vision 
\Mthm ^^hlch readings can be made Its 
broad, contrasting mercury column can be 
read easily and accurately with both eyes 
at close range and also at greater than 
normal distances 

Taylor Record- 
ing Thermome- 
ters — Temperature 
ranges and time re- 
quirements vary 
greatly m heating 
and ventilating 
>\ork Taylor Re- 
corders are made in 
needed scale ranges 
and time periods 
These instru- 
ments are beautiful 
and efficient, par- 





ticularly adapted for 
heating and air con- 
ditioning applications 
They may be had for 
surface or flush mount- 
ing When set in panel 
boards, the polished 
flanges make an effec- 
tive installation 
Taylor Electric Con- 
tact Temperature Control - -These in- 
struments combine in the same case an 
electrically-operated temperature control- 
ler with an indicating thermometer One 
tube system operates both units 

The New Taylor “Fulscope” Re- 
cording Controller An air-operated 
controller so versatile (hat practically any 
character of process control can be ob- 
tained, regardless ot time lag in apparatus, 
by a simple screw driver adjustment 

Available lor controllinu; temperature, 
pressure, tempeiature and pressure, rate 
of flow, liquid 
level Where 
extreme load 
changes or 
badly balanced 
operating con- 
ditions exist, 
the Taylor 
^^Duhl-Re- 
sponse Control 
Umt'" IS the 
only positive 
means of main- 
taining con- 
trol-point 
Writejor 
literature 

Taylor TType-P Controller— A compact 
and very sensitive controller, ideal for air- 
ducts, air-washing 
machines, cooling 
rooms and similar^ 
applications Uses 
compressed air as an 
actuating medium 
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Taylor Instrument Companies 


Instruments 



be obtained 


Taylor Self-Acting 
Temperature Con- 
troller — Adapted for 
use on hot- water 
storage tanks, etc It 
requires no auxiliar}* 
motive po\ser, such as 
compressed air, to open 
and close the steam 
valve 

The valve can be 
closed at an\ desired 
temperature, or a 
throttling action can 
Not practicable on pipe 


lines having steam pressure over 125 lbs 


Taylor Hampton- 
Model Humidi- 
guide s Direct- 
Reading } — A hygro- 
meter giving direct 
humidity percent- 
ages, m a smart 
modem case suita- 
ble for home, office 
or public buildings 
Finish IS satin black 
with chrome trim 
The Permacolor 
Thermometer is 

filled with non-fading, eas\ -reading red 
liquid 




Taylor Dial j 
Thermometers ; 
for air ducts or an\ 
application w here 
it IS desirable to 
have temperature 
readings at some 
distance from the 
thermometer bulb, 
as in a central con- 
trol room Can be 
read at a glance as 
easily as a steam 
gage. 



Taylor Sling Psychrom- 
eter — ^The advantage of 
this form of Wet- and 
Dry-Bulb Hygrometer over 
the stationary form is the 
facility with which tests can 
be made and the accuracy of 
the readings obtainable, as in 
whirling the bulbs they are 
subjected to perfect circu- 
lation Consists of two ac- 
curate etched stem ther- 
mometers mounted on a die- 
cast frame, with the bulb of 
one covered with a wick to 
be moistened. 

These thermometers have 
scales of 0 to 100® F, gradu- 
ated in degree divisions A 
copper case protects the tubes 
use. 

Taylor Anemometer— This 
instrument is ideal for measur- 
ing air velocities with the fan 
revolutions indicated on the 
dial. Available m vanous 
models for a wide range of air 
speeds and registration limits 


Taylor Re- 
cording Hy- 
grometer — 
This instru- 
ment records 
both wet- and 
dry-bulb tem- 
peratures on 
the same chart 
in different 
colored inks, 
making com- 
parison very 



Type showm 

above with motor-dnven fan for con- 
ditioned rooms or passages in which circu- 
lation IS poor Can be supplied without 
fan for mstallations w’here curculation 
across bulb is good 



Taylor Humidi- 
guide — ^A hand- 
some small h> gro- 
meter for the wrall 
of the home, office, 
school or other 
building where a 
neat, easy-reading 
and inexpensive 
instrument is de- 
sired It is self- 
contained, requir- 
ing no charts or 
separate tables 
Frame is Ma- 
hogany Bakelite. 


For complete information on above in- 
struments and others designed for heating, 
ventilating and air conditioning, send for 
nevti Taylor Catalog Xumher Fize to any of 
the offices listed on the previous page 
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The Palmer Company 

Main Plant 426 Clay Street, Cincinnati (St. Bernard), Ohio 

Branch Factory THE PALMER THERMOMETER CO . Ltd , 93 Church Street, Toronto 

Manufacturers and Originators— “Red-Reading-Mercury” Thermometers 


PRODUCTS — Indicating Thermo- 
meters with the RED column. 

“RED-READING-MERGURY” was 
onginated by Palmer We hold the basic 
patents on the reflected RED color See 
illustration A strip 
of red glass is drawn 
into the tube and 
when the mercury 
column rises, in the 
tube, the RED 
color IS reflected 
upon It Once you 
have seen a ther- 
mometer wnth the 
RED column, you 
will not go back to 
plain mercury 

INDUSTRIAL STYLE 
THERMOMETERS 

Furnished m all sizes 
and with STRAIGHT 
or vanous ANGLES 
styles. With Fixed 
taper thread, Union 
connection, sparable 
Socket or flange fit- 
tings 

With the RED 
column, these ther- 
mometers are very 
easy to read 
ACCURACY 
GUARANTEED; 
MADE STRONG 
AND DURABLE 




Xo. S27 

OUTDOOR 

THERMOMETERS 

Here is an ideal thermometer 
for use outdoors or inside The 
metal case is of bronze which will 
not corrode Graduated scale, 
givmg very accurate tempera- 
ture White Duco finish. Nickel- 
plate or Chromium finish also 
furnished. With the RED 
column, it can be seen a great 
distance 

Other styles of Wall Ther- 
mometers as well as Laboratory 
styles furnished with the RED 
column 

Write for FREE catalog No 
200-C and Bulletin No 600 






No 2120 
Thermometer you. 
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Instruments for Testing 
AIR CONDITIONING EQUIPMENT 

„ When air-conditioning equip- 
ment is installed, the contractor 
must have reliable and accurate 
instruments to make tests Only 
with such instruments can he 
give satisfactory results 

SLING PSYGHROMETER 

This pocket style instrument 
can be carried anywhere and 
quick tests made Wet- and dry- 
bulb tubes guaranteed accurate 
Furnished with metal case, 
leather covered 

ASPIRATING 
PSYGHROMETER 
(This is not illustrated) The 
Aspirating Psychrometer for test- 
ing humidity is recommended 
where readings of greatest pre- 
cision are required Contains 
small motor and blower so the 
air IS blown over the wet and dry 
bulb thermometers. Two styles* 
Battery operated for use where 
there is no electric 
connection 
Electrically oper- 
ated, to plug in on 
No 14200 light circuit 

With carrying 
case, neat, compact, light 
weight Very handy instru- 
ment. 

POCKET 

THERMOMETERS 

It IS helpful to carry a 
pocket test thermometer, so 
that it is available at any 
time 

This is a reliable, guaran- 
teed accurate thermometer 
Easy to read with the RED 
column 

Repairs — ^We can repair 
all makes of mercury ther- 
mometers and furnish “Red- 
Reading-Mercury ” at no extra 
cost. The type of repair 
work we do will add years to 
the life of the thermometer. 

A trial Order will convince 
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GAUGE CQ 


United States Gauge Co. 

44 Beaver Street, New York, N. Y. 

Factory at Sellersville, Pa 


Makers of Quality 

INDICATING AND RECORDING PRESSURE GAUGES 
All Sizes and Tj pes for E\ery Purpose 


U. S. GAUGES — U S Gauges are made in all sizes irom 
2 to 12 in inclusive tor pressures from 1 lb up to 50 000 lb , 
and for vacuum Cases ma> be cast-iron cast brass, 
drawn steel and drawn brass tor wall mounting or flush 
mounting For severe ser\"ice long wearing hardened steel 
or bushed movements ma\ be supplied 


For service on Steam Heating Systems — 

Steam Gauges Compound Pressure and Vacuum 
Gauges Retard Gauges Compound Retard 
Gauges Steam Gauges wnth Internal Siphons 



For Hot Water Heating Systems— 

Altitude Gauges . . . Tank-m-Basement Gauges 
Altitude and Pressure Gauges . Combination Altitude 
Gauges, and (a) Bimetal Thermometers, (b) Glass 
Tube Thermometers, (c) \apor Tension Distance 
Type Thermometers . Glass Tube Hot Water Ther- 
mometers 


U. S. RECORDING GAUGES— U S Recording Gauges 
are made m 8}^, 10 and 12 in sizes for pressures from 
1 lb up to 50,000 lb , and lor vacuum. Cases may be 
cast-iron or cast brass for w'all mounting or flush mounting 
Pen arms are made of non-corrosive metal Especiall> 
designed clock movements are used Charts can be 
furnished for customary time periods 

U. S. DIAL THERMOMETERS— U S Dial Thermo- 
meters are of the vapor tension type with open scale 
reading in the central and upper portion of the scale 
Cases may be cast-iron, cast brass, drawm steel or drawn 
brass for wall mounting or flush mounting Supplied m all 
sizes from 2 to 12 in. inclusive, for temperature ranges from 
40 F to 800 F. Furnished with rigid connection bulb or 
with flexible capillary tubing up to 100 ft. long 
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Insulation 


Alfol Insulation Company 

Incorporated 

Chrysler Building New York, N. Y, 

Agents in Principal Cities 


INSULATION for 


Fans Turbines 

Blowers Dehumidifiers 

Pumps Air Conditioners 

Ducts Boilers, Pipes, etc. 

Houses, Buildings, etc. 

At temperatures up to 1250** F. 



ALF=OL 

PAT IN 34 COUNTRIES 


INSULATION for 


Refrigerators Ships 

Refrigerator Cars Ovens 

Refrigerator Trucks Ranges 

Refrigerator Boxes Tanks 

Refrigerated Rooms Stills 

etc 


Alfol consists of single 
or multiple sheets of pol- 
ished pure alummum foil 
installed between wall 
studs, furring strips, 
ceiling joists or roof rafters. 
\\Tien heat tends to flow 
through such insulated 
structures, 95 per cent of 
radiant heat is reflected 
back toward its source I n 
summer, stifling outdoor 
heat IS dnven off. In 
winter, practically all sup- 
plied heat IS retained in 
the house where it is 
needed 

The reflection of heat is 
a revolutionary' pnnciple 
in msulation engineering 
which has won \^'ide- 
spread recognition and 
acceptance by engineers 
and scientists throughout 
the world Alfol is now 



Trained mechanics unred sheets of Alfd 
as needed These eompad rolls cause no 
dost, dirt or uaste 



extensively used by many 
of the largest manufac- 
turing and industrial 
plants, U S Navy, and 
others, as well as in 
houses and buildings of 
every kind and size 
Alfol will save up to 
75 per cent or 80 per cent 
of the heat loss that 
would occur through an 
uninsulated house 
It consequently costs 
less to heat an Alfol 
insulated home. 

Many owners repoit 
over one-third saving in 
fuel costs 

Alfol is installed only 
by Authorized Applica- 
tors All work is done in 
strict accordance with 
Alfol Standard Speci- 
fications 



This Alfdrinsxdaled ceding is equiva- 
lent in vmdating effect to a solid comrete 
ceding dob 8 ft thick 


Aluminum Foil Does Not Tarnish 


992 





A^ol Insulation Company, Inc. 


Insulation 



These Goemcients have been determined m accordance w ith the method employ ed 
m The A S H V E Guide, and are based on new insulating value of aluminum foil 
tabulated in National Bureau of Standards Letter Circular No 465, June 4. 1936, \ihich 
contams the latest available data on the insulating value of aluminum foil 


UNAFFECTED 

BY 

DAMPNESS 


INSULATING 

EFFECT 


FIREPROOF, 
CLEAN, AND 
SANITARY 


ALFOL ADVANTAGES 

Alfol is non-porous, has no capillarity, cannot 
absorb moisture ^Iolstu^e infiltration in non- 
metalhc insulations increases conductivity frequently 
as much as 50 per cent Such variations cannot 
occur in Alfol 

Transmittance coefficients (see table abo\ei are 
determined from tests made on actual ^all sections 
insulated vith Alfol They accurateh measure 
Alfol’s insulating effect including the heat loss 
through and around studs, joists, rafters, etc Where 
published coefficients of materials are based on 12-in 
by 12-in panel tests materials preheated in 
“bone dry” condition and at specified densities 
they do not include the heat loss at studs, nor the 
effect of moisture infiltration, variation in density, 
thickness, etc Many noted authorities on heat 
transfer recognize that the performance of Alfol 
in actual use is difficult to surpass 

No heat-storage capacity Alfol preheats or cools 
in approximately one-fourth the time required for 
other insulations Being metal, Alfol is clean 
It repels vermin, prevents bacterial growth. 



Alfd 

mdalrjaeketed 

pipe Itnet 



ledhetwem mf rafters redvces Recessed radiators gin off ahovi 15^ Alfd apjiiedto oier/iead air durf oi i 
Tloss over 80 per cent more heat when inedaied mth Aljd Air Conditioning installation 

Alfol Actively Reflects Radiant Heat 
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Armstrong Cork Products Company 

Building Materials Division 

Lancaster, Pennsylvania 


District 


ClNCLV>4.Tr 

ClEVEIiAND 

COLtrMBU'3 

Dallas 
Des Moives 
Dirraorp 


Houston 

IXDUNAPOLIS 

Tacksonvillb 
Kavsas Crr\ 

LoniS> ILLE 

Milw aukel 


Represen ta ti ves 


Axbavt 
Ail AST A 
Boston 
Buffalo 

CHARLOTTt 

Chicago 


Baltimore 

Den^eb 

Los Asgeles-_ 

New Opleans 
Philadelphla 
POETLAVD, OpFGON .. 


JohnR Lnezey 
Stparns-Roger Mfg Co 
Vin Fleet-Freear Co 
H T Steflee 
JohnH Li'veze> 
Asbestos Supply Co 


Richmovd 
San Francisco 
Seattle 
Spoeane 
Tacoma 

Washington, D C 


Minneapolis 
New Yore 
Omaha 

PmSBUROH 

RoCHBbTER 

St Louis 


JohnR Li\ezey 
Van Fleet-Freear Co 
Asbestos Supply Co 
■Vbbestos Supply Co 
Vsbetitos Supply Co 
John R Livezey 


For detailed technical information, samples, and 
descnptive literature, ask any ofi&ce or representative 


PRODUCTS — ^Armstrong’s Gorkboard, Armstrong’s Cork Covering, Arm- 
strong’s Vlbracork, Armstrong’s Gorkoustic, Armstrong’s Temlok, Armstrong’s 
Temcoustic, Armstrong’s Insulation Sundries. 


Gorkboard 

Sizes and Thicknesses 

Armstrong’s Gorkboard is furnished m 
rigid boards 12 in by 36 m., 12 in. x 32 in , 
18 m. X 36 in., 24 in x 36 in , and 36 in x 
36 m., in several thicknesses 1 m , 1 in , 
2 in , 3 m , 4 m , and 6 in 

Insulating Efficiency 

The thermal conductivity of Arm- 
strong's Gorkboard, depending on the 
density, is 0 27 to 0 29 B.t u per hour per 
inch thickness at 90 deg F mean tempera- 
ture (U S. Bureau of Standards) 

The value of adequate and efficient 
insulation is covered in the text section of 
this book (Ghapter 5) and the tables on 
pages 114 to 126 indicate the savings which 
can be effected by using or 2 in of 

corkboard in standard vrall and roof con- 
struction. The reduction in heat loss 
amounts to from 50 per cent to 75 per cent 
This means that an adequate thickness of 
corkboard on walls and roofs reduces the 
heat -wasted, and, therefore, the heat re- 
quirements of the house by 25 per cent to 
40 per cent. 

Air Conditioning 

An adequate thickness of corkboard in- 
sulation IS essential for any air con- 
ditioned room or structure Insulation 
reduces the amount of heating or re- 
fngeratmg equipment required to produce 


desired temperatures and is highly impor- 
tant to the satisfactory and economical 
control of humidity conditions 
The insulation of air conditioning equip- 
ment assures economical and efficient 
operation by minimizing refrigeration 
losses De-humidifying chambers and 
ducts as well as pumps and brine storage 
tanks may be insulated with Armstrong's 
Gorkboard or Gork Lagging 

Cork Covering 

Armstrong’s Gork Govenng is made of 
pure cork in sizes to fit all standard pipe 
sizes The inside surfaces ot each piece are 
machined to assure an accurate fit, free 
from moisture-catching air pockets Cork 
covering is rigid and will not sag Thick- 
nesses are Ice Water (1 20 in to 1 93 in ), 
Brine (1 70 in to 3 00 in ), and Special 
Thick Brine (2 63 in to 4 00 in ) 
Armstrong’s Fitting Covers are designed 
to fit accurately standard ammonia and 
extra heavy fittings, both screwed and 
flanged, of all types The economies 
resulting from the application of Arm- 
strong’s Cork Covering to all cold lines 
r^ay the cost of the insulation and assure 
additional refrigeration savings 

Vibracork 

The elinunation of noise and vibration 
transmission is of pnmary importance in 
air conditioning work Armstrong’s Vibra- 
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Armstrong Cork Products Company 


Insulation 


cork, made in three densities, is ideal for 
this purpose It does not take a set, is not 
affected by atmospheric moisture, and i\iii 
not deteriorate in ser\uce 


Armstrong's CorkoustiC 
Armstrong’s Temlok 
Armstrong's Temcojstic 
Armstrong s Insulat on San dries 


For aid m the solution of any techn cal 
Products — Infonuatiotl problems involving insulation iSolatLon, 

or acoustical treatment and for literature 
Additional Armstrong insulating and and prices, get m touch with an Armstrong 
acoustical products especially suited to ■ district office or representative or the 
heating, ventilating, and air conditioning . Armstrong Cork Products Company, 
work include ] Building Matena^s Div's on, Lancaster. Pa 
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Insulation 


The Agasote Millboard Company 

Trenton, New Jersey 

Manufacturers of Quality Products Since 1909 



THE WEATHERPROOF INSULATING AND BUILDING BOARD 



Homasote at Home — Protection from the 
Elements Unnecessary 


Homasote can be used as a combmation 
insulating and structural matenal Im- 
portant facts in the selection of an insu- 
lating matenal are its efficiency as an 
insulator, its structural strength, its mois- 
ture resistance, its plaster adhesion, its re- 
sistance to air infiltration, whether it is 
fire-retardent and the cost of installation 
and upkeep 

Homasote is manufactured m BIG 
sheets, 8 ft x 14 ft, 8 ft x 12 ft, 6 ft x 12 ft, 
and even multiples thereof, making it pos- 
sible to cover the average size wall in one 
piece It may be used on the exterior ot a 
buildmg even without painting 

Comparative tests on air infiltration are 
shown below These tests — made by the 
Lewis Institute, Chicago, 111 — show that 
at a ind velocity up to 40 miles per hour, 
18 to 112 times more air passed through 
the other boards tested than through 
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Homasote and at higher velocities, the 
infiltration through these other boards 
increased in a much greater proportion 
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Homasote has very high moisture re- 
sistance, according to tests made by the 
Robert W Hunt Co , Chicago, showing 
that the other boards took up 101 per cent 
to 274 per cent more moisture 



In house construction, a material may 
be employed solely for its insulating value 
But, because of its rigidity, Homasote is 
often used as a combination insulating and 
structural matenal — such as sheathing on 
the outside of framing members, and as a 
wall covering within The chart above 
shows that Homasote has from 20 per 
cent to 217 per cent greater tensile strength 
than other boards tested Write direct 
for samples and descriptive literature 
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Insulation 


Cork Insulation Company, Inc. 

155 East 44th Street, New York, N. Y. 

Factory 


Boston, M\ss 
*Chica.go, III 
Los Angeles, C\lif 


Branches 
PrfIL-DELPr*L.-i.. P- 

'sJv.N F*l*ncisco, C\-ir 


Se*" W -Sil 

feT LC'f'iS, Mo 
\\ ‘.S-IS-rTOV, D C 


^Represented d> Co»inco Inscl .tion Co , Inc 



PRODUCTS 


Corinco Gorkboard. 

Corinco Cork Pipe Covering. 

Corinco Cork Tiling. 

Corinco Corkboard | 

Corinco Corkboard is manufactured in j 
sheets 12 by 36 m , m thicknesses of 1, 1 ^ 2 . | 
2, 3 and 4 in Details in regard to weights 
freight classifications, shipping crates, etc | 
will be furnished upon request Technical i 
requirements conform in detail to the ' 
United States Government Master Speci- ' 
fications I 

Corinco Cork Pipe Covering 

I 

There are three standard thicknesses ot 
Connco Cork Pipe Covering, Brine, Ice- ' 
Water and Special Thick All thicknesses ! 
are sullied in 36 in lengths with a groove i 
just sufficient to accommodate the specified i 
diameter of pipe Properly applied this , 
covenng insures a snug fit precluding anj 
possibility of frost forming and affecting I 
Its efficiency after installation j 

Machinery Isolation j 

The present day use of machiner>’ for ! 
almost every industrial purpose has tended I 
greatly to increase noise and vibration | 
Vibration, aside from the fact that it is a i 
direct cause of many noises is, m itselt a I 
menace to machines and to the structures 
surrounding them I 

Connco Cork Machinery Isolation is j 
available in standard boards, 36 in long, 
12 in w^ide and 1, l3i 2, 3 and 4 m thick 
The boards are manufactured in se\eral 
densities to meet various requirements 
These densities are classified according to 
the number of pounds of Cork Compressed | 
into one board foot. i 


Corinco Machinery Isolation. 

Corinco Acoustical Corkboard. 

Corinco Cork Lagging. 

Insulation 

Proper and efficient insulation demands 
the employment of a medium which wil! 
insure a low degree of thermal conductivity 
Heating and refrigerating costs can be 
greatly affected, r^uced or increased, by 
the use or omission of satisfactory in- 
sulating materials Cold storage equip- 
ment, particularly, is vitally dependent 
upon efficient insulation Freezers, Vaults 
and Cold Pipie Lines all must be protected 
m such a manner as to avoid any pos- 
sibility of refngeration loss Connco Cork- 
board and Corinco Cork Pipe Covering give 
maximum protection wherev’er applied 

Air Conditioning 

The widespread use of Air Conditioning 
equipment necessitates that highly’ efficient 
insulating materials be employed when in- 
stallation ol ducts, pumps and bnne 
storage tanks is being made Use of 
Corinco Corkboard will insure a satis- 
factory* and economical control of humidity 
conditions Properly applied, this product 
will materially reduce the amount oi 
heating or refngeratmg equipment neces- 
sary to maintain a desired temperature 

Additional Products 

Connco Acoustical Corkboard and Connco 
Cork Lagging are also widely popular, the 
former for acoustical correction and decor- 
ation, the latter for insulating large pipe 
lines and boiler surfaces Any detailed 
information you may require in regard to 
Corinco products can be obtained promptly' 
by’ addressing y’our inquiries directly to us, 
Cork Insulation Company’, Inc , 155 East 
44th Street, New York City 
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The H elotex n aRPORATiON 


919 N Michigan Ave , Chicago, Illinois 


BObTON, M^bS 
Minot Mivs 

Philu)blphia, 
Deotbp, Colo 
Nim Yohk, N Y 
CLirELiND, Ohio 

StDOTI AlUSTHVLIA 
FilUS, FR.4VCB 
London Evgl^nd 


Mill NEW ORLEANS LOUISIANA 

Cei-^teX 

BRAND 

insulating cane board 


Lo8 \NGi!.L£b, Calif 
St Louis, Mo 
Slattll, Wash 
Portland JDrb 
Spokane, Wash 
Tacoma, Wash 

Buenos Aires, Argentina 
Durban, South Africa 


Builds - Protects - Insulates - Decorates - Subdues Noise 


Building Board 
Lath 

Sheathing Board 
Finish Plank 
Tile Board 
Adhesives 
Batten Strips 
Hard Board 
Tempered Hard Board 


Black Tempered Hard 
Board 

Tempered Concrete 
Form Board 
Panel Board 
Studio Board 
Hardboard Tile 
(Tempered) 

Roof Insulation 
Vaporproofed Low Tem- 
perature Insulation 


Fero\ Insulating 
Protection Course 
Insulation Blocks 
Ornaments and 
Mouldings 
C-X Utility Board 
C-X Texbord 
C-X Wallboards 
C-X Rock Wool Products 


Celotex Cane Fibre Insulation 

In the manufacture of Celotex, long tough fibres of bagasse (cane) are properly refined 
thoroughly sterilized, effectively waterproofed, firmly felted and securely interwoven to 
produce large boards of maximum strength consistent with the light weight necessary to 
assure high heat retarding value Careful technical control assures uniform high quality 
The thermal conductivity of Celotex is 0 33 Btu per hour per square foot per 1 degree 
Fahrenheit per inch thickness (based on a mean temperature of 70 F ) Tests conducted 
at Armour Institute of Technology and at recognized laboratories confirm this figure 
The Celotex Corporation maintains an Engineering and Research staff which is 
available for all ty^ of insulation investigations Engineers are invited to address 
their problems to The Celotex Corporation, Chicago, 111 

Celotex Vaporseal Insulating Sheathing 


A new sheathing for use on outside walls 
under any type of extenor. Designed to 
meet the advancement of modem building 
construction All surfaces and edges moisture 
proofed with a coating of special asphalt 
One side additionally treated with a bright 
aluminum compound as a ^^porseal — ^this 
side IS applied facing the studs and intenor 
Coated on the surfaces — ^not integral — ^no 
impregnation — ^thus maintaining full insu- 
latmg efficiency . Dry Rot and Termite 
Proofed by the exclusive Ferox Process 
(patented) , . . Greater rigidity and bracing 
strength than ever before Backed by 
Celotex written 10 POINT Life-of-Buildmg 
Guarantee Same thickness as the wood 
sheathing it replaces — 1 in — S2S to 25/32 
4 ft wide; 7 ft, 8 ft, 8J^ ft, 9 ft, 93^ ft, 10 ft 
and 12 ft long. 
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The Celotex Corporation 


Insulation 


Celotex Roof Insulation 



I S»elected to msuiate corcrete, 

I steel, unit fie or poured g\psi*i'i ’■oof 
decks under a\erage conr’ifons Size 
‘ 22 in X 47 in Fa^‘ ^2 u'* thick Also 
' turnished iammated in thicknesses up to 
4 m Used to pre\ ent ceiling condensation 
and conserv e tuel also to pre\ ent excessive 
' expansion and contraction ot concrete 
I root decks Reduces size oi heating plant 
required 


Celotex Vaporproofed Low Temperature Insulation 
Waterproofed and vaporprooted low densit\ insulation tor low temperature require- 
ments Coolers (beer, meat, creamerj, etc j Fruit and \egetable Storage Rooms, 
Packing Plants, Fur Storage, Air-conditioned Spaces General Cold Storage Rooms and 
Freezers Each block enrobed m a sealed odorless membrane Ferox Treated Con- 
ductivity 0 30 Btu per inch Sizes IS in \ IS in 18 in x 30 m , 0 in x 36 in Thick- 
nesses 1 in , 1 ^ 2 in , 2 m or any multiple ot Jim 


Celotex Building Board 

The original cane fibre insulation Suitable for use as sheathing or interior finishing 
Can be beveled, paneled, grooved or painted to provide attractive walls that insulate 
Neutral tan color Double surtaced — one side smooth sanded, the other a tapestrv -like 
texture Ji m and 1 in thick Sizes 4 ft wide and 4 ft, 5 tt, 6 tt, 7 ft. S tt, S^i ft, 
9 tt, 9 } 2 ft, 10 ft and 12 tt long Backed by Celotex written 10 point Life-of-Building 
Guarantee 

Celotex Insulating Lath 


A natural bond for plaster a con- | 
tinuous surface eliminates lath marks and 
reduces cracking beveled edges to 1 

reinforce plaster (patented) tests prove 
a bonding power of 1,000 lb per square j 
foot Shiplapped joints (see diagram) j 
Size 18 in. x 48 in , J ^ in , ^4 in and 1 ■ 
in thicknesses Backed by Celotex wTitten 
10 point Life-of-Building Guarantee 

I 




1 

Celotex Insulating Tile and Finish Plank 


Tile Board — For attract iv’e wall and 
ceiling treatments . may be applied over 
existing plaster or as a new’ finish Neutral 
tan color or several pleasing tints on 
reverse side that simplify decoration 
Type Double A joint permits alternated 
surfaces if desired Type A, furnished 


I } 2 m , in and 1 in thick, has bev’eled 
I square edges, otherw’ise the same as Type 
i Double A Type Double A joint }'2 in 
j thick only, ®4 in. and 1 in thick on special 
order Sizes range from 6 in x 6 in to 
I 24 in X 48 in Backed b> Celotex written 
1 10 point Life-of- Building Guarantee 


C-X Rock Wool Products 


Effective wall-thick insulation made 
from molten rock Incombustible, vermin 
proof and permanent 


Batts — 15 in x 23 in , 1^3 lb per square 
foot Loose and Granulated to spread 
between ceiling joists 


The Ferox Process 

All Celotex Cane Fibre Products are \ Rot and Termites (White Ants) 
manufactured under the exclusive Ferox 
Process (patented) and therefore effectivelv 
resist damage by Fungus Growth, Dry 


It is not 

a surface treatment — it is integral — in- 
soluble in water — non-v’olatile — odorless — 
permanent. 


999 



Insulation 


Ehret Magnesia Manufacturing Co. 

Valley Forge, Pa. 

DURANT PRE-SEALED INSULATED PIPE SYSTEM 

The Modern Way to Insulate and Protect Underground and 
Outdoor Piping. (Hot and Cold) 


Explanation 

Durant Pre-Sealed Insulated Pipe Sys- 
tems have been in successful use in the far 
west for fifteen years A great many instal- 
lations have been operating under a 
vanety of conditions which have proven 
beyond any doubt that the system is 
thoroughly reliable The absolute pro- 
tection of the pipe and insulation against 
moisture and soil conditions has solved 
the problem which has bothered engineers 
The Ehret Magnesia Mfg Co obtained 
an exclusive control of the manufactunng 
and sales nghts A new- department was 
built at Valley Forge and equipped w'lth 



the most modern equipment to properly 
produce Durant Pre-Sealed Insulated Pipe 
This department is now' in active produc- 
tion and orders of any size can be efficiently 
and expeditiously handled 
The most carefully designed and con- 
structed systems for protecting under- 
ground piping have frequently caused 
serious trouble due to leakages with not 
only great impairment to the insulation 
and the pipe but to loss of efficiency in the 
operation of the lines The same has often 
been the case with outdoor pipe lines 
exposed to the elements Here the old 
method of wrapping on roofing materials 
has usually been ineffective, for no matter 
how securely applied the action of wnnd 
and w'eather eventually causes cracks and 


looseness with resulting damage to the 
covering and pipe 

The Durant Pre-Sealed Insulated Pipe 
system completely overcomes these difficul- 
ties in an effective and permanent manner 
Not only did the Durant Pre-Sealed Insu- 
lated Pipe system overcome the engineering 
difficulties of protecting the pipe lines but it 
greatly simplified the installation as the 
sections of treated pipe are delivered to the 
job as entirely complete units, only joint 
and fitting connections being necessary in 
the field 

Description 

Solid Asphalt Shell — A special grade 
of pure high melting point asphalt is 
melted and cast around the pipe, or in- 
sulation, which results in a seamless and 
jointless coating which will be forever a 
permanent resistance to the entrance of 
moisture or mfiltenng air Jackets ac- 
curately spaced around the pipe, or in- 
sulation, insure uniform thickness of the 
asphalt layer These jackets are left in 
place and protect the surface from me- 
chanical damage m shipping and handling 

Thickness of Asphalt — The layer of 
asphalt can be applied in any thickness. 
For insulated piping in underground con- 
ditions a 1-in thick coat of the asphalt is 
recommended, and ordinarily supplied 
For insulated piping with outdoor con- 
ditions a thickness of J^-in is usually 
sufficient Where uninsulated piping is to 
be protected from the corrosive action of 
the soil and from electrolysis there should 
be a surface seal consisting of a H-in 
thickness of the asphalt 

Perfectly Sealed Connections— The 
method of treating joint and fitting con- 
nections, as described on the next page, 
actually extends the asphalt shell along 
the entire pipe system in an absolutely 
seamless manner 

Any Kind, Size and Length of Pipe — 
There is no limit m size or length of pipe 
which can be given the Durant treatment 
and any specified type of pipe can be used 
However, ordinary stock lengths wnll be 
supplied unless special lengths are ordered 
Curved or bent pipe can be treated in the 
same manner as straight pipe 


Ehret Magnesia Manvjacturing Co. 


Insulation 


Insulation Material — Engineers re- 
cognize the durability of 85 per cent 
Magnesia and that it is a yardstick ot 
thermal efficiency because it’ is practical 
both for low temperature piping and tor 
piping having temperatures up to 600 F 
Therefore Ehret has selected 85 per cent 
Magnesia as the ideal product to incor- 
porate in the Durant Pre-Sealed Insulated 
Pipe System Thickness recommendations 
of the 85 per cent Magnesia i\ill depend on 
the ser\’ice and the conditions 

Discussion 

The reasons for the effectiveness of the 
Durant Pre-Sealed Insulated Pipe method 
in protecting pipe and insulation are ob- 
vious Asphalt is well known to be abso- 
utely impervious to the passage of moisture 
or air through it The dense, jointless 
casing of asphalt thoroughly’ and per- 
manently prevents water and air from 
penetrating through This not only insures 
against deterioration of the pipe and insula- 
tion, thus preventing losses in the line, but 
the perfect surface air seal actually 
increases the overall efficiency 
The asphalt protection will not crack j 
from the pressure of the soil and it is I 
sufficiently ductile to follow any possible j 
movements of the pipe line > 

There are no cemented joints or seams - 
which might crack open and leak , 

The insulation and the protective coat- I 
mg are applied at the factory under most 1 
favorable conditions This is in great , 
contrast to the difficulty experienced in . 


seoarately -’ista'Lng the d pe nsu.at.o’' 
and surround'ng protect’on m the helc: 
Th.s is especially true for un'-lergrounL 
.nstaHations where tiie ’.\ork ’^.ust be tlone 
at ^-he bottoms o: narrow, Ueep and oftet 
muddy trenches With nuest’onab»e results 
Durant Pre-Sealed Insulated Pipe *s 
delnered to the job m comp*ete pipe 
I lengths < approximately’ 20-ft sect*ons 
I The only w ork to be done in the field iS to 
I make the joint and fitting connections 
I For underground w'ork the trench can be 
' narrower and shallower than for a conduit 
j or tunnel for the same size pipe ^ The 
running length ot the trench need only be 
w de enough to accommodate the treated 
pipe Only at connections need any 
greater w idth be used to allow' for a man 
to work in The Durant Pre-Sealed Insu- 
lated Pipe rests directly on the bottom oi 
the trench and no greater depth is necessary 
to allow for crushed stone and underdrain 
tile The back filling can be accomplished 
in one operation as the soil can be settled 
into place by flooding w'lth water This 
eliminates the necessity of the men re- 
turning at a later time to add earth to the 
sunken surface 

Installation 

After the connections are made and 
tested, insulation is applied of the same 
type and thickness as on the adjacent 
pipe after w’hich the necessary jackets are 
placed in position and the melted asphalt 
poured in The following illustrations 
indicate the simple manner in which this 
is done 



Special Durant joint casing in Asphalt poured in slot — a 

place ready for Asphalt perreci seal 
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The Eagle-Picher Lead Company 

General Offices- Temple Bar Building, Cincinnati, Ohio 

Offices In All Largo Cities 



EAGLE INDUSTRIAL INSULATION 
The Eagle-Picher Lead Company manu- 
factures a complete line of industrial in- 
sulation matenals, effective for a com- 
plete range of temperatures Representa- 
tive products are 

Eagle Super “66” Plastic Insulation 
For application on practically all forms 
of heat produang and heat transferring 
equipment "Spnngy ball” construction 
provides remarkable heat-saving efficiency 
up to 1800 F Easily applied with a trowel 
May be applied on any clean surfaces 
Great coverage — 60 sq. ft 1 in thick per 
100 lb. 100 per cent reclaimable. 

Eagle Blanket 
Insulation 

Eagle Insulating 
Wool felted and se- 
cured between metal 
fabncs For large sur- 
faces where tempera- 
tures reach as high as 
1200 F. Available in 
flexible or ngid form 
Easy to cut and flt. 

Sizes — 2 ft X 4 ft and 2 ft x 8 ft. Thick- 
nesses range between 1 in and 8 in. 

Eagle Asbestos Cements 
Inexpensive asbestos fibre cements of 
good mixing, trowelling and adhesive 
properties For temperatures up to 1000 F 

Eagle Insulseal 

(Waterproofing Cement) 
Durable coating designed to protect all 
kmds of msulation from moisture, water, 
air mfiltration, fumes, from vibration, 
abrasion Ready mixed, easily and 
quickly applied 

Other Products 

Eade ”99” Finishing Cement, Hair 
Felt, ripe Covering and Blocks (all types), 
Insulating Wool, Boiler Setting Cement. 

Data and Specifications 

For complete specifications and technical data 
on Eagle Industrial Insulation, see Sweet’s Engi- 
neenng or Power Plant Catalog 


EAGLE HOME INSULATION 
The Eagle-Picher Lead Company manu- 
factures two types of “mineral wool" in- 
sulation for homes (1) in granulated form 
for pneumatic application in new and 
existing construction (2) in bat form for 
new construction 

Both types are wall-thick, non-struc- 
tural, extremely light-weight, non-cor- 
rosive, fire-proof — with thermal conduc- 
tance (m applied thickness of 3^ in ) of 
only 0 074 Btu (The over-all con- 
ductance would be 
considerably lower) 
Eagle Home In- 
sulation keeps 
homes cooler in 
summer (12 to 15 
degrees cooler than 
outdoor tempera- 
, tures), and warmer 
in winter (fuel 
saving ranges be- 
tween 10 and 40 
per cent) 

For Pneumatic Application 
In granulated form. Eagle Insulation is 
blown into hollow spaces between wall 
studdings and between joists in the attic 
floor by a special pneumatic process No 
building alterations are necessary, whether 
the house is of frame, brick or stucco con- 
struction. No mussing up inside. Work 
IS done by skilled contractors, licensed by 
Eagle-Picher 

Bat Form 
Eagle Insulat- 
ing Bats are rec- 
tangular pads 15 
in xl8in or 23 in 
X Z^i in , designed 
to fit snugly be- 
tween studding 
and joists Irregu- 
lar spaces around 
doors and 
windows filled by 
cutting bats to exact size 

Data and Specifications 
For complete speahcations and techmcal data 
on both types of Eagle Home Insulation, sec 
Sweet s Architectural Catalog 



qmckly ap- 
pked mih a tnwd on 
hot and cold mifacei 
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International Fibre Board Limited 

Sales OfiSces 

OTTAWA— MONTREAL--TOROXTO--WINNIPEG 
AdministratlTe Offices and MUls GATINEAU. QUE 

London Office 

THE TENTEST FIBRE BOARD CO Ltd 
Astor House, Aldw\ cu, Lovdon, W. C 2 , England 

insulattiIg wall board 


TEN/TEST is a manufactured lumber 
made from spruce fibres, solidly pressed 
under hydraulic pressure into a strong, 
homogeneous board The fibres are chemi- 
cally treated and water-proofed during 
process of manufacture, until the insula- 
tion IS non-h> groscopic, free from capillary 
attraction and moisture-resisting in ser^nce 
commensurate with the maximum degree 
of insulation obtainable 

Official Tests 

Conductivity. TEN/TEST has a con- 
ductivity of 0 33 B t u. per hour per square 
foot per degree fahr per 1 in thick 
Authority. Professor E A Allcut, M Sc 
M I Mech E Mem A S M E Professor 
of Applied Mechanics, University of 
Toronto Tests performed by Hot-Plate 
method. Mean temperature 47 8 deg 

Tensile Strength 228 lb. per sq in. 
Tests made on Ks m board cut to strips 
1 m. wide and tested m a Riehle Tensile 
Testing Machine, the gnps being 2 in. 
apart 228 lb is the mean average of 
seven senes of tests. 

Transverse Strength (equal deflec- 
tion) is 28.4 lb. Test made on 
board, 6 in. wide, 18 in. long, on 12 in. 
centers, and load being apphed to breaking 
point. 

Plaster Bonding Strength 2163 lb 
per sq. ft. Brown and scratch plaster 
coats were applied to standard in 
board, and the pull registered in an Olsen 
Testing Machine Authority: Columbia 
University Testing Laboratones, New 
York. 

Moisture Resisting. TEN/TEST, 
after complete immersion in water for 24 
hours, registered 37 5% increase in weight 

Note. — ^Authority for tensile strength, 
transverse and moisture tests; J T, 
Donald & Co., Ltd., Chemical Analysts 
and Engineers, Montreal, Que. 


TEN/ TEST Products 

TEN/TEST Insulating Building 
Board. Standard insulation for use as 
exterior sheathing, interior finish, between 
walls and under floors for sound deadening 
Standard Industnal Insulation for refrig- 
eration and the pre\ention of condensa- 
tion Manufactured in convenient sizes: 
4 ft wide and up to 17 ft long, in. to 
2 in thick 

TEN/TEST Notch Board Plaster 
Base. Insulating plaster base ha\ing 
tongue and groove interlocking joints. 
Pro\ndes an effective bond with plaster 
without use of metal lath at joints. 
Sizes. 16 in wnde, 32 in. and 47^4 in. 
long Thicknesses from H m to 2 in 

TEN/'TEST Roof Board. An effectiv e 
roof insulation Manufactured in two 
sizes 1 X 4 ft. and 2 x 4 ft Thicknesses 
from J'S in to 2 in. 

TEN/TEST Ashlar Block (Acousti 
“A’’) For intenor decoration and 
acoustical correction. Absorbs 35 per 
cent of incident sound at a frequency of 
512. Can be supplied in a \'anety of 
designs and sizes to harmonize with any 
decorative treatment, allowing the archi- 
tect much freedom in design and finish of 
churches, auditoriums, theatres, etc. 
Ashlar Blocks have bevelled edges, 
standard or to suit, can be left in the 
natural color or tint^ as desired. 

TENTEST Moulded and Shiplap 
Edge Wall Panels. Conceals joints and 
provides excellent decorative treatment. 
Featured in widths of 11 m. to 47?s lo , 
lengths up to 12 ft. 

TEN /TEST Mouldings. An effective 
trim and finish for joints, corners, etc 
Available in widths of ®4 in to 10 in 
and lengths up to 12 ft 

HYDRO/TEST. Water proof, insula- 
ting building board, designed particularly 
for low temperature requirements 
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The Insulite Company 

Executive Offices- Minneapolis, Minnesota 


Factories* 
Intematioiial Falls 
Minnesota 
Kymi, Finland 


INSULITE 


The (jiiJt^Wood-Fiber Insulating Board 


Stocked by Dealers 
in All Principal 
Cities Throughout 
The World 


Insulite Wood Fiber Insulation Board Products 


Insulite, the original wood fiber in- 
sulation board has been specified by 
engineers and architects for 23 years — used 
for exterior sheathing or interior finish, 
duct lining, and for other thermal insu- 
lation and sound control work Surface 
textures fine screen one side and burlap 
one side 

Ins-Light Building 
Board — This board 
is of a natural light 
color with high li^t- 
reflecting value 
Thermal Conducti- 
vity 0 33 Btu 'hour ' 
square foot/inch/° F 
based on a density of 
16 lb per cubic foot 
Thickness m , 

in , 1 in , sizes up 
to 4 ft X 12 ft 

Graylite Build- 
ing Board — Made 
from the same "wood 
fibers as Ins-Light, 
but during the manu- 
facturing process 
each fiber is coated 
\\ith asphalt which 
adds to its strength 
and moisture resist- 
ing qualities Ther- 
mal conductivity 
0 35 B tu / hour / 
square foot/inch/°F 

Ins -Light Lok- 
Joint Lath — An 
insulating plaster 
base, fabricated from 
Ins-Light Building 
Board Has pat- 
ented “Lok” that 


firmly locks the sheets together between 
supporting members, thus providing a 
rigid, level base for the plaster Thick- 
nesses 3^ in , 54 in , I in Size 18 in 
X 48 in 

Tile — Available in both Ins-Light and 
Graylite with burlap and fine screen tex- 
tured surfaces Tile is beveled on all four 
edges of both sur- 
faces, and IS available 
in two types of joint 
B-B (Butt joint), 
V-W (interlocking) 
Both types are rever- 
sible, making it pos- 
sible to reverse the 
tile and expose either 
surface Thicknesses 
in , in , 1 in , in 
sizes 6 in x 6 m to 
24 in X 48 in 
Plank — Available 
in both Ins-Light and 
Graylite with burlap 
and fine screen tex- 
tured surfaces Plank 
has the interlocking 
V-W joint and is 
beveled both long 
edges on each side 
Available either with 
or without beaded 
edges Plank is re- 
versible so that either 
surface may be ex- 
posed Thicknesses 
in , in , 1 in , in 
sizes 6 in to 16 in 
wide and 6 to 12 ft 
long 



Above Imtidite Building Board, applied with metd 
waehere and ecrewe being need to insumte air dude in air 
conditioning inetaUahoni 



Belo'a Ina-LighI and Graylite Tile and Plank serves 
as the inienor finish in a modem sales room 


Bildrite Sheathing 


Bildnte Sheathing, although made from 
the same wood fiber stock used in other 
Insulite products, is an outstanding, new 
building material development Treated 
by a patented integral asphalt treatment 
dunng the manufacturing process, it 
provides several times the bracing strength, 
greater resistance to moisture, and more 
insulation than that afforded by ordinary 


w^ood sheathing, and it builds a knot and 
crack free wall at less cost To assure 
rapid and proper application, each large 
sheet 25/32 m thick, and in sizes up to 
4 ft X 12 ft, IS plainly marked for proper 
alignment and spacing of nails Thermal 
conductivity 0 36 Btu/hour/square foot 
/inch/° F 
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The Insulite Company 
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Ins-Light 
Roof Insulation 

Ins-Light Insulation is made trom the 
same wood fiber as standard Insulite It 
can be used over any roof construction 
The standard size is 22 in x 47 in , for 
convenient handling, and with either 
offset or sq^uare edges Furnished in thick- 
nesses of H in , 1 in , in , and 2 in 
Conductivity 0 32 Btu/hour /square loot 
inch/® F 

Graylite 
Roof Insulation 

Graylite Roof Insulation is a new and 
improved product, exclusive wnth Insulite 
Treated wnth an asphalt emulsion during 
the process of manufacture, it provides 
those qualities of greater resistance to 
moisture and greater durability so desir- 
able in roof insulation, combined with an 
ideal base for bonding to the roof deck and 
to the roofing Furnished m full m 
thiclmess and in multiples ot ^ 2 m up to 
2 in with either square or offset edges 
Size 22 in x 47 m 

Insulite 

Hardboard Products 

Tough, durable grainless boards with 
hard, smooth, surfaces in various densities, 
and sizes up to 4 ft x 12 ft 

DualBoard — in thick, golden oak 
brown, has lowest density of all Hard- 
Board products 

DeLuxe DualBoard — }4 in thick with 
smoother surface and greater density than 
DualBoard 

HardBoard — ho in , H m , ^16 m , 
h in , he in , golden oak color, much 
greater density than DualBoard 

Tempered HardBoard — Same thick- 
nesses as HardBoard, burl w’alnut color, 
extremely high density 

PanelTile— Same as Tempered Hard- 
Board except that it is scored in 4 in 
squares to simulate tile 

Ins-Light 

Cold Storage Insulation 

Cold Storage Insulation is a low’ density 
Insulite product which has found a w’lde 
acceptance for use in refngerator cabinets, 
refrigerator cars, ice houses, storage plants, 
breweries and other places where low 
temperatures are maintained The ther- 
mal conductivity is 0 29 Btu/hour ''square 
foot /inch/® F and is available in eleven 
standard sizes and in thicknesses of 1 m , 
in , 2 m , 3 in , and 4 in 



Applyirg Irs'V''*t Rco 


Insulite Sealdslab 

Fabricated from special low density 
board each block of Sealdslab is “sealed 
dry*’ with a H 2 impregnation of a 
specially developed asphalt which insures 
an effective seal against moisture absorp- 
tion after Sealdslab is asphalt coated or 
dipped during application on the job 
The factoiy prim^ surfaces also insure an 
excellent bond for subsequent asphalt 
coatings Available m same sizes and 
thicknesses as Ins-Light Cold Storage 
Insulation Sealdslab is especially adapted 
for use in freezers, meat, beer and creamery’ 
coolers, milk cooling tanks, fruit and vege- 
table storage rooms and general cold 
storage rooms 


Insulite Fiberock 

Insulite Fiberock insulation is a rock 
w’ool product, treated for moisture resis- 
tance, w’lth a lowr percentage of shot and 
with sufficient resiliency* to prevent it froni 
settling Conductivity 0 26 Btu hour/ 
square foot/inch/'®F Available in three 
forms. 

Loose Fiberock — A fluffed form of rock 
wool insulation for hand packing in walls 
Furnished in 35 lb bags 

Granulated Fiberock— A granular 
form of rock w’ool w'hich can be con- 
veniently poured into place Usually* used 
over ceilings Supplied in 35 lb bags 

Fiberock Bats— Rock wool in bats 
15 m X 23 in to fit snugly between studs 
and joists The bats are w’all thick and 
require no special fastening Packed in 
cartons of 9 bats each 
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Insulation 


Johns-Manville 

EzecutlTe Offices 

22 East 40th Street, New York, N. Y. 

Offices in All Larfte Cities 



Johns-ManTille Home Insulation 


J-M Home Insulation consists of special 
grades of rock ^^oo\ for retarding heat flow 
through w'alls, ceilings and floors of frame 
houses and all types of buildings 
J-M Home Insulation is remarkably 
eftective in providing \ ear-around comfort 
— keeping homes up to 15 deg cooler m 
summer — reducing tuel bills up to 30 per 
cent in winter. It is permanent, fireproof, 
and will not support vermin Furnished 
in three forms T> pe A for existing con- 
struction; Types B and C for new homes 

Blown Method — Type A 
Type A Rock Wool is blowm pneu- 
matically into the spaces between studs in 
outer walls and betw'een rafters or joists in 
roofs or attic floors Insulation thickness 
in w'alls corresponds to stud depth, ap- 
proximately 3^8 111 ♦ density does not 
exceed 10 lb per cubic foot This type of 
insulation is installed by J-M Approved 
Home Insulation Contractors, who are 
equipped w’lth the necessary’ apparatus 
and trained crew’s 

Home Insulation — ^Types B and G 
Type B Home Insulation is furnished in 
the form of resilient prefabncated batts, 
of uniform density and full stud thickness, 
in sizes 15 in x 23 in and 15 in x 4S in , 
designed to fill completely the wndth 
betw’een studs, joists or rafters spaced 
16 in center to center 
Hea\T waterproof paper, affixed to the 
batt surface toward the occupied portion of 

J-M Insulating Boari 

Johns-Manville furnishes a complete 
line of Insulating Board, Insulating Lath 
and Roof Insulation Board in standard 



Applying J~M Home Insulation halts in new home 

the building, provides a barrier to infiltra- 
tion of moisture-laden air into the Rock 
Wool The side-flanges, fastened to the 
supporting framework, hold the batts firmly 
in place in ceiling or roof construction 
Insulation in odd-shaped spaces is 
secured either by application of pieces cut 
from the batt, or by the use of Type C, 
which is furnished in pieces 8 in x 15 in , 
full stud thickness, without the waterproof 
paper backing 

Write for Details 

For complete information on J-M Home 
Insulation write for Brochure HI-18A 

and Insulating Lath 

sizes and thicknesses These matenals 
are thoroughly efficient, with high insu- 
lating value and great structural rigidity. 


J-M Air-Acoustic Sheets for Lining Air-Conditioning Ducts 

J-M Air- Acoustic Sheets, for duct linings j resistant, with a surface which will not 
of air conditioning systems, are fireproof, I materially increase friction losses m the 
highly sound - absorbent, moisture - | duct system Write for DS Senes 275 


1006 



Johns-McawiUe 


Insulation 


Johns-Manville Pipe and Boiler Insulation 



J-M Pre-Shrunk Asbestocel Ptpe Insulaiton 


J-M Pre-Shrunk Asbestocel 
Pipe Insulation 

J-M Pre-Shrunk Asbestocel is a radicalK 
improved insulating material for hot water 
or low’ pressure steam piping, w’hich, since 
It is made of moisture-proofed asbestos 
paper, offers positive protection against 
shrinl^ge troubles 

Supplied in can\as asbestos paper or 
aluminum finishes All types furnished in 
3 -ft sections in standard thicknesses oi 
2 to 8 plies, each ply approximately ^4 in 
thick 

J-M 85% Magnesia 

Recommended as the most efiicient in- 
sulation of the molded type for tempera- 
tures up to 600 F. Pipe insulation is 
furnished in sectional or segmental form 
for all commercial pipe sizes, in thick- 
nesses up to 3 in Blocks are 3 in by 
18 in and 6 m by 36 m., flat or curved, 
from H to 4 in thick 

J-M Pre-Shrunk Wool Felt 

Due to Its Dual-Service Liner — an 
asphalt-saturated felt — ^J-M Pre-Shrunk 
Wool Felt is equally effective and durable 
on either hot or cold water service piping 
By the use of waterproofed felts shrinkage 
troubles have been minimized 

Supplied in two finishes, the regular 
canvas and a smooth, dull-coated alumi- 
num In either finish, it is furnished in 
3 -ft sections in thicknesses in , 

1 in , Double H in » and Double % in , for 
pipe sizes from in to 5 in. Can also be 


supplied in sec:*ons to fit straight runs of 
copper pipe or tubing .%:th the fodowmg 
outside d-ameters ”5 m . ^2 n ;n , 
Is m in l^x in 

25 ( m . 31 a m , i m 

and 6 ^ § m 

J-M Asbesto-Sponge Felted 

Recommended on all high pressure 
steam piping at temperatures uo to 700 F 
w’here insulation may be subjected to 
rough usage or w’here maximum efficiency 
and durability are desired Furnished t 
3-ft sections up to 3 in thick 


J-M Superex Gombmation 

Superex Combination Insulation 'an 
inner layer of high temperature Superex 
and an outer layer of 85% Magnesia) is 
recommended where temperatures exceed 
600 F. Superex and Magnesia are both 
furnished m sectional, segmental, pipe 
covering and block forms 

J-M Improved Asbestocel 
Sheets and Blocks 

Asbestocel Sheets and Blocks are used 
for insulating w arm-air ducts flues, heater 
casings and tan housings in the ventilating 
svstem Temperature limit 300 F Fur- 
nished 6 , 9, 12 , IS and 36 in wide b\ 36 
and 72 in long, from ^2 m to 4 in thick 

J-M Rock Cork Sheets and 
Pipe Insulation 

J-M Rock Cork is made of rock w’ool and 
a moisture-proof binding ingredient molded 
into sheets for insulating refrigerated 
rooms and air conditioning ducts, and into 
sectional pipe insulation with an integral 
waterproof jacket for all low temperature 
serv’ice It is strong, durable, and will not 
support vermin Because of its unusual 
moisture resistance, its high insulating 
efficiency is maintained mdefiniteh 

Furnished in sheets IS m by 36 in , in 
l} 2 , 2, 3 and 4 in thicknesses, also IS in 
b\ 18 in by 1 in thick In pipe covering 
form in ice wrater, brine and heavv brine 
thicknesses for all commercial pipe sizes 

Details on Request 

Write for complete information on anj 
Johns-Manville insulating material 
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Mundet Cork Corp. 

450 Seventh Avenue New York, N. Y. 

Manufacturers of Corkboard, Cork Pipe Covering, Compressed 
Machinery Isolation Cork, Natural Cork Isolation Mats, Cork Tile, 

Cork Bulletin Board, and all kinds and varieties of Cork Specialties. 

Branches 

Gv Des Moines, lo'w Los \>qeles Philadelphia., Pa. 

Chicago, III Detpoit, Mich Memphis, Tlnn St ^dis, Mo 

Cqcisnati, Ohio Houston, Texas New Orleans La San Francisco, Calif 

Dallas, Tex.a^ E*n3*s Cut, Eans No Cambridge 'BobXOM, Mass 


Agents 

Baltimore Md . The McConn’ck ■^bestos Co Oklahoma Citt, Okla Standard Roofing & Material Co 


Buffalo, N Y Cla\ton \sbestoa Co 

Charlotte, N C _ _ C R Howard 

Clevelaitd Ohio . C S Ross 

Fredepicksbupq ^ A Fredericksburg Insulation Co 
Haptfopd Conn The Hartford Cement Co 

Nashviule Ten’n John Bouchard & Sons Co 

Nopfole 'V a _ . F H Gaskins Corp 


Portland, Oregon F J Leonard 

PoPTLAND, Oregon Pacific \sbestoB & Supply Co 

Salt Lake Citt, Utah Louis A Roser 

Seattle, W ash Pioneer Sand & Gravel Co 

Tulsa, Okla __ Standard Roofing & Material Co 

Utica, N Y George Weisenberger 


Engineering and Specification Service 

Our engineenng department is at the 
service of Architects and Engineers at all 
times to assist and advise in the prepara- 
tion of specifications pertainmg to cork 
This service is also available to any one 
who has a cold msulation or a vibration 
isolation problem, and is rendered without 
obligation. Our complete catalogue is 
filed in Sweet’s Architectural Catalogue, 
and will be sent on request It is replete 
with valuable information and data that 
should always be within reach of every 
specification writer \vhose field touches our 
products 

Contract Service 

We contract for the erection of our 
products In this way we may be certain 
that our material is installed in accordance 
with best established practice This gives 
a definite advantage to an owner, m that 
divided responsibility for a given instal- 
lation is eliminated No contract m- 
volving cork is too large, too small or too 
far away All maten 2 ils and workmanship 
are unqualifiedly guaranteed 

Mundet Joint! te” Gorkboard 

Mundet **Jointite” Corkboard is 100 
per cent pure cork, fabricated in accor- 
dance with the U. S Government Master 
Specification, and is unsurpassed in its 
field It is used for all cold insulation 
services and for acoustical correction. We 
manufacture only one grade of corkboard. 
Mundet “Jointite” Corkboard is sold in 
the standard 12 in x 36 in. sheet. Stand- 
ard thicknesses are H m-, 1 m in., 
2 in , 3 in , 4 in and 6 in. 

Mundet “Jointite” Cork Pipe 
Covering 

Mundet "Jointite” Cork Pipe Covering 
is the complement of Mundet "Jomtite” 
Corkboard and is used for all tj-pes of cold 
lines. The three thicknesses in which it is 


manufactured make it suitable for pipes 
carrying sub-zero to 50 F temperature 
The pipe covenng comes in sections 36 in., 
long. A complete line of standard fitting 
covers is available in the three thick- 
nesses 

Mundet Cork Vibration Isolation 

The transmission of machine vibration 
can be easily and permanently prevented 
by the use of Mundet cork isolation The 
machines commonly associated with the 
heating and ventilating industry are best 
isolate with Mundet Natural Cork 
Isolation Mat. This form of isolation is 
fabncated from blocks of pure cork 
These blocks are held together wnthin a 
rigid steel frame or bound with asphalt 
paper applied with hot asphalt top and 
bottom Steel bound isolation mat is 



Ahou u Bhown a Sted Bound Mundet Naturcd Cork laolatum 
Mat Note the naturcd cork etnpe lodhtn the ded frame 


usually used under exposed mounts, and 
asphalt paper bound isolation mat, under 
concrete foundations, of the envelope type 
Mats are constructed to fit under any tjrpe 
of machine foundation 

For loads exceedmg 2,000 lb per square 
foot, we manufacture Mundet Machinery 
Isolation Cork, which is a board form of 
compressed granulated cork and comes in 
three densities. 

Both types of isolation are furnished in 
1 in., in , 2 in , 3 in , 4 in. and 6 in 
thicknesses, depending on the class of 
service 
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The Pacific Lumber Company 

PALCO WOOL INSULATION 

100 Bush Street E Van Buren St 7.jti M Lc -s. ^ :j2 E:-: St 

Svv Frwcisco Chicago Lo« Vj^-: 


WHAT IT IS 

PALCO WOOL IS a 


8 PROPERTIES 


INSULATION 


that make it 
AN IDEAL 
INSULATION 


loose fill insulating ma- 
terial made from the bark 
of the Redwood tree, the 
protective covering of the 
world’s oldest living thing 
It is highly refined into an 
insulating material of light w’eight \\ir\- ' 
fibres of springy resilience Recent im- ; 
provements in manufacturing have made | 
it clean, dustless and lighter in weight In ! 
practical use PALCO WOOL has proven 
to be ideal for all types of construction, 
large or small, where resistance to conduc- 
tion of heat is required It is continuously 
efficient and reasonably priced, thus 
assuring economical performance 

USES 

PALCO WOOL IS suitable for any type 
of domestic or commercial construction, 
in fact every place w’here an insulating 
material is required to effectiv ely resist the 
transmission of heat. 

INSTALLATION 

Approximately lbs of PALCO 
WOOL are required for each cubic foot of 
space m walls, floors, ceiling and partitions 
It is easily put m place by hand Betw*een 
150 and 200 lbs can be applied per hour 
per man It comes in bales w^eighing ap- 
proximately 100 lbs Size 22"' x 24"^ x 26"' 



Data Folder and Sample on Request 


1. Thermal Efficiency : The estab- 
lished conductivity ot PALCO WOOL is 
25S B t u per one inch thickness per sq ft 
per hour per degree F. difference in tem- 
perature by the Flat Plate Method 

2. Non-Settling; The fibres ot PALCO 
WOOL possess such resilience that no set- 
tlement in a wall can occur under the most 
severe conditions of v'lbration 

3. Moisture Resistant: The fibres of 
PALCO WOOL are entirely lacking in 
capillarity, and hav’e little attraction for 
moisture, enabling it to remain dry and 
efficient w'hen in use 

4. Permanent: The inherent anti- 
septic qualities of PALCO WOOL make 
the existence ot fungus impossible The 

, fibres retain their resilience indefinitely 
I 5. Vermin Proof; PALCO WOOL is 
1 distasteful and repellent to rodents and 
insects 

6. Fire Resistant: PALCO WOOL 
wtU not readily support combustion and is 
fire resistant 

7. Odor Proof: PALCO WOOL is 
odorless itself and does not absorb or give 
off odors 

8. Economical; PALCO WOOL is 
light in w'eight and low in density, offering 
exceptional thermal efficiency per dollar 
mv'ested 
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Reynolds Corporation 

Executive Offices 19 Rectof Street, New York City 

Offices in Principal Cities 


REYNOLDS *METALLATION 


Description 

Meiallation consists of bright sheet 
aluminum cemented to one or both sides of 
tough kraft paper Available in roll form, 
in the form of Metallated *Ecod (a rein- 
torced plaster base); and with heavy 
Sisalkraft paper base These forms facili- 
tate installation according to construction 
conditions and amount of insulation 
required 

Metallation is primarily insulation ma- 
terial for building construction involving 
hollo^\ wall, floor or roof sections Data 
on special applications on request Its 
insulating effectiveness depends upon its 
influence on the enclosed air spaces it 
bounds or forms, not upon its thickness 
Hence, it must always face or divide an 
air space to have insulating value Because 
It is wmdproof and moisture-proof, it 
always serves as an effective weather- 
proofing barrier in any building section 
where used. 

How It Insulates 

Retaliation insulates by repelling prac- 
tically all radiant heat which strikes its 
surface This portion of the total heat loss 
ordinanl}' flows unimpeded across air 
spaces Type A or B Metallation dividing 
an ordinary" air space reduces heat loss by 
convection, by dividing the air space into 
tw"o air spaces and stops 95 per cent of the 
radiant heat loss across such air spaces 
Retaliation has equal effectiveness on 
either side of an air space, in vertical walls 
regardless of the direction of the heat flow" 

Characteristics 

Retaliation is w’aterproof, wmdproof, 
vermm-proof and non-absorptive It is 
light in w-eight and flexible, yet stiff 
enough to conform to angles and curves 
when not under tension or suspended Its 


Type 

Widthl 

ofRoUl 

1 

Length 
of RoU 

Weight 
of Roll 

Area 
of Roll 

A 

17 m.! 

176ft5in 

121/4 Ih net 

250 sq ft 

B 

S m > 

120 ft 

14 lb net 

250sqft 

B 

33 m , 

90ft n in 

14 lb net 

250^ft 

B 

36 m 

83 4 in 

14 lb net 

250sqft 

C 

25m 

120 ft 

101/2 16 net 

250sqft 

C 

33 m 

90 ft 11 m 

i0'/2 ih net 

250 8qft 

C 

36 m 

83 ft 4 m 

101/2 1b net 

250sqft 


’^Metallation, Metallated E^cod and Ecod are 
trade-marks ot Reynolds Coip , duly registered in 
U S Pat Off 


heat storage capacity is negligible, due to 
its light weight and limited mass The 
aluminum used retains its reflectivity under 
all normal conditions, as the surface is 
protected by a transparent oxide which 
forms immediately on exposure Tests 
recently conducted by Gordon B Wilkes, 
Massachusetts Institute of Technology, 
show that visual brightness is not essential 
to good performance 

The value of Retaliation as an insula- 
tion IS unlikely to be impaired by internal 
condensation within the building section 
Some external walls and roofs standing 
between cold exterior air and warm hu- 
midified air indoors develop a “ dew"-point ” 
temperature within them where condensa- 
tion forms Any insulating material that 
absorbs this moisture loses a part of its 
insulating value until it dries out again 
Retaliation being non-absorptive and un- 
effected by moisture, retains its full value, 
Type A — Bright she^t aluminum ce- 
mented to both sides of tough kraft paper 
with Hi m plain paper margins exposed 
for nailing inside framing members 
Applications curtains between framing 
members 16 in o c Type B — Bright 
sheet aluminum cemented edge to edge to 
both sides of tough kraft paper Applica- 
tion curtains in air spaces Also one 
surface as insulation , the other as moisture- 
proof membrane Type G — Bright sheet 
aluminum cemented edge to edge to one 
side of tough kraft paper Application, 
one side as insulation, the other in contact 
with building materials Metallated 
Ecod — Bright sheet aluminum cemented 
to back of reinforcing plaster base 

See Sweet’s Catalog for complete details. 
Used by U S Government and leading 
architects and engineers Stocked by 
leading dealers throughout U S 

NOTES FOR HEAT TRANSFERENCE 
TABLE on opposite page 

aComputed by standard methods trom data in 
The a S H V E Guide, Vol 14, pp 104-111, 1930 
1>A11 air spaces are at least H m wide 
cThe thickness of 1 in yellow pine sheathing or 
flooring 18 approximately in 

dPlaster ^ m to 44 m thick is applied to ECOD 
or exjianded metal plater base 

eFour inches ot face bnck and tour inches of 
common bnck 

fNailmg stnps measure approximately by 
in and are spaced 2 m apart 
sFumng wide enough to permit in air spaces 
between layers 
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COEFFICIENTS OF TRANSMISSION OF VARIOUS TYPES OF 
CONSTRUCTION INSUXATED WITH REYNOLDS METALLATED 
ECOD AND TYPE A OR B MET.VLLATION 

Coefficients (U) are expressed in Btu per hour per square foot per degree Fahrenheit difference 
in temperature between air on the two sides of the construction 

i n in 


ILLUSTRATION J ' 


CONSTRUCTION 


Is 


"3 


t 5i 




^ ^ Si - 
-S rSJ 



SMf - H 

ir 


I I 

[FRAME OR VTINEER WALL 

I ' Shingles or clapboards, sheathing^ 

I stud spaceb plasterd 
2i I in Stucco w'th Ecod base, stud soace, ] 
I 3 , I in Stucco with Ecod base sheatKingu 
I I stud space, plaster d 
i 4 4 in Face brick veneer sheathingc, 

' stud space, plasterd 




IWf AvIjTiK 





ICONCRETE ROOF DECK 

I 3 s >n B, U Roofing 
Suspended Ceiling 
Metal lath and plaster 

1 4 in Concrete 
121 6 in Concrete 



4 


■3 « < 


L 

U 

L 

L 

0 2b 

0 20 

0 13 

0 10 

0 30 

0 31 

0 IS 

0 12 

0 32 

0 23 

0 15 

0 11 

0 29 

0 21 

0 14 

0 10 


i 

.MASONRY WALLS 

1 5l 8 in Sohd bricke furred spaceb plasterd 

6j 12 in Hollow concrete blocks fu'^ed 

1 spaceb plasterd 

' 

0 32 

0 32 

0 23 

0 23 

0 I5s 

0 I5f 

0 lU- 

0 11.* 

1 

1 ATTIC FLOOR (Frame Structure) 

' 7 ' Plaster ceiling-joist space no floonng 

0 60 

0 59 

0 24 

0 15 

8< Plaster ceihng-joist space-rough flooring 

1 1 

' 0 30 

0 22 

0 14 

0 11 

1 i 

1 ^MASONRY FLOORS (Suspended Ceiling) 

9j 4 in Concrete metal lath and plasto- ceiling 

' 0 37 

1 

0 25 

0 16 

0 11 

10 j 6 in ^ncrete metal lath and plaster ceiUng 

0 35 

0 24 

0 ’5 

1 

0 11 


0 40 
0 37 


0 2b 

0 25 


0 lb 
0 lb 


0 12 
0 11 


FRAME ROOFS 

Wood shingles, nailing stnpsf rafter space 
no ceiling, exposed rafters 
Wood shingles, naihng stnpsf rafter 
space, metal lath and plaster 
Anhalt shinies, rigid asbestos shingles, com- 
position rowig or slate or tile roofing on wood 
sheathing no ceiling 

Same as No 15 plus metal lath and plaster 
ceiling 


: 0 db 1 

0 22 

0 14 

0 11 

' 0 30 

0 22 , 

0 14 

0 11 

1 0 56 ' 

0 24 1 

0 15 

0 11 

1 0 34 ' 

0 24 ; 

0 15 

1 0 11 
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The Ruberoid Co. 

Executive Offices 

500 Fifth Avenue, New York, N. Y. 

Divisional Offices 

New York Chicago Boston (Millis) Erie Baltimore Mobile 


RUBEROID RESIDENTIAL 

Genuine RU-BER-OID Mineral Wool 

From the viewpoint of efficiency 
Mineral Wool is one of the finest insulating 
materials for residential construction It 
can be used in varying thicknesses up to 
4 in It cannot deteriorate or decompose, 
and is fire- and vermin-proof This in- 
sulation can be expected to save 20 to 35 
per cent in fuel bills in the winter, and 
make the interior of the home 10 to 16 deg 
cooler in summer 

Genuine RU-BER-OID Mineral Wool 
in the loose or bulk form is clean, silky and 



The long sUky fibres make thts wool extremely 
stable, overcoming the tendency to pack and settle 


RUBEROID INDUSTRIAL 

85 Per Gent Magnesia for Medium and 
High Pressure Steam Lines 

86 per cent Magnesia pipe covenngs are 
made of approximately 85 per cent pure 
carbonate of magnesia and 15 per cent 
carded long Asbestos fibre Temperature 
limit 600° F. Light in weight, fire-proof, 
extremely high insulating value, yet have 
maximum mechanical strength consistent 
with efficient insulation. Supplied in 


INSULATING PRODUCTS 

long fibred, a quality which overcomes the 
tendency to pack and settle It is free 
from harsh bnttle particles This wool is 
offered in three forms — loose or bulk for 
packing, granulated for pouring, and in 
pre-formed bats for use between joists, 
rafters, and studding 

Loose Mineral Wool 

The loose mineral wool is packed in 35 lb 
bags containing about 33^ cu ft A bag 
will cover in excess of 21 sq ft gross (in- 
cluding the studs or joists) 35^ in thick 
when packed to a service density of 6 lb 
per cubic foot 

Granulated Mineral Wool 

Granulated Mineral Wool is in pellet 
form averaging from the si7e of a pea to a 
marble In this form it is easily poured 
between studs and joists and for filing in 
irregular spaces Bags contain 30 lb 
When applied to a service insulation 
density of about 6 lb per cubic foot, 4 m 
thick, It gives a coverage of about 18 sq ft 
per bag 

Mineral Wool Bats 

Mineral Wool Bats are packed in car- 
tons containing 7 pieces, 16 75 sq ft The 
bats are wall thickness (approx 4 in.) 
measuring 16 in x23 in which permits easy 
application between the studding of side- 
walls, or between the rafters under the roof 


INSULATING PRODUCTS 

various thicknesses up to 3 in , canvas 
jacketed 

For Higher Temperatures 
MmERAL WOOL BLANKETS 
Limit 1800° F 

Mineral Wool for flat or curved surfaces 
IS manufactured into blankets by usmg 
annealed long fibre wool, felting it and 
building it up to the required thickness 



The Ruberoid Co. 
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between metal fabrics ol various t>pes 
These blankets are secured with gal- 
vanized wire between the metal fabncs 
Thickness from 1 in to 6 m Standard 
size blankets 24 in x 96 in and 24 in 
X 48 in 


High Temperature Pipe Coverings 
Limit 1600" F 

This insulation is recommended for in- 
sulating surfaces having temperatures be- 
tw’een 600° F and 1600° F It has low* 
thermal conductivity, oracticall> noshnnk- 
age, IS light in w^eight, and has good 
mechanical strength 

Supercell Pipe Covering for Low and 
Medium Pressure Steam Lines 
Limit 350° F 

Supercell Pipe Insulation — A new 
development m the low^ and medium pres- 
sure field, has a temperature limit of 350° F 
It has 14 to 16 laminations of indented 
Asbestos Felt to the inch thickness It is 
more durable than the old-fashioned cel- 
lular pipe insulation, and, due to its unique 
construction, pro\ides as much as do per 
cent higher efficiency 

Other Insulating Materials for Low 

and Medium Temperature Steam 
Lines— Air Cell— Limit 350° F 

Made 2, 3 and 4 ply — each ply H in 
thick Furnished in either the new 
Pyroxylin finish or with canvas jacket 
Temperature limit 350° F Ideal for in- 
dustrial hot w’ater lines. 


Watco Cell 
Limit 350° F 

1 Close corrugation, b and S oly to the 
I inch, raises efficiency standards Either 
' new Pyroxylin finish or canvas jacketed, 

I as desired Temperature limit 350° F 

Woolfelt 

For Hot and Cold Water Lines 

! special surfacing process increases ef- 
ficiency 20 per cent to 30 per cent W eight 
I also is reduced 20 per cent to 30 per cent 
Made m three stydes of liners Asbestos 
. Felt Paper for hot water lines, Water- 
' proofed Tar for cold w'ater lines, ‘ Twin 
' Purpose” for both hot and cold water 
I lines Furnished in either the new* Pyro- 
I xylm finish or with canvas jacket 

I Sheet and Block Insulations 

' Any of the pipe coverings can be made 
I into sheet and block form Standard sizes 
I 6, 12, 18 or 36 in x 36 in Ideal for insula- 
i tion of fiat or irregular surfaces, such as 
tanks, boilers, breechings, etc. 

Insulating Cements 

For the finishing of asbestos sheet and 
, block insulation, or the insulation of 
I valves, fittings, or flanges, or any sort of 
I irregular surfaces, the line of Ruberoid- 
I Watson Insulating Cements is quite com- 
1 plete Will take care of temperature con- 
I ditions from 100 to 2000 deg F. 

Detailed Specifications 

Complete catalog giving specification 
data of any Ruberoid Insulating Product 
1 may be had upon request 


1013 


Silvercote Products, Inc, 

161 E. Erie Street, Chicago, 111. 


Instdation 



SILVERCOTE INSULATION 

Fabric — Manufactured from two ex- 
ternal sheets coated with a mineral pig- 
ment and polished to a highly reflective 
surface possessing the essential character- 
istics hereinafter described for all Silver- 
cote surfaces The sheets are laminated 
with specially prepared asphaltum and 
reinforced w’lth an interlining of fabric, 
imbedded in the lamination, consisting of 
}^in mesh of strong jute cords Twosilver- 
like surfaces are exposed The material is 
strong, flexible, and can be creased, folded, 
and tucked into the most inaccessible 
places without injury Weight 80 lb 
per 1000 sq ft 

Goreboard — Laminated of 7-plies of 
pulp board. 16 point liners coated on the 
exposed sides and polished to highly 
reflective surfaces Finished board is 
^ m thick with 2 silver-like surfaces 
exposed Weight 10001b per 1000 sq ft 

Insulation Board — Manufactured in a 
manner similar to wnod fibre w allboard, to 
which is applied a top liner coated with 
pigment and polished to a highly reflective 
surface. Reverse side has a manila liner, 
dead level, beater siz^ and tacky, a per- 
fect surface for painting Finished board 
IS 6 in thick Weight 550 lb per 
1000 sq ft 


SILVERCOTE SURFACES 

The surfaces of all Silvercote products 
consists of a non-metallic, homogeneous 
pigment, polished into a silver-like sheen 
which reflects radiant heat to a marked 
degree They possess the following 
essential properties 

1. The surfaces are not metallic and axe 
consequently free from oxidation to 
which all metal surfaces (except gold 
and platinum) are subject. 

2. The surfaces are w^aterproof 


3. The surfaces are highly moisture resist- 
ant, equal in this respect to sheet lead 

4. The surfaces are not affected by acids or 
gases encountered in the customary 
uses of thermal insulation, whether in 
building construction, refrigeration or 
the cold storage fields. 

5. The surfaces are entirely homogeneous 
and impervious to air infiltration 
wherever used 

6. The surfaces are non-conductors of 
electric and thermal energy and are 
designed to establish a difference in 
surface temperatures on transverse sur- 
faces in the direction of heat flow^ 

Silvercote Insulation Fabric-Conductance 
0 33 = Resistance 3 03 

Silvercote Insulation Board-Conductance 
0 49 = Resistance 2 04 

Silvercote Insulation Coreboard- 
Conductance 
0 265 — Resistance 3 77 

For complete specifications and technical 

data see Sweet's Catalog, or address 

Silvercote Products, Inc , Kalamazoo. 

Mich 
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The Standard Lime & Stone Company 

First National Bank Building. Baltimore, Md. 


Manufacturers of 
Capitol Rock Wool 
Insulations 



Representatives 
in all 

Principal Cities 


Capitol Rock Wool gets its low coefiicient of thermal contiuctivity not alone rroTii the 
iong-fibre method of manufacture, but also due to the iact that it is made only from a 
specially quarried rock of high silica and low sulphur contents This results in a uniform 
coefficient of conductivity ot onh 0 240, amount of neat m Btu which will flow m one 
hour through a square foot of the matenal, if the temperature drop through the materia! 
IS one degree F per inch ot thickness t 


Applications 

While applicable for almost all t>pes of insulation 
Capitol Rock Wool is particularly used for building and 
home insulation When applied b> either the blowing 
method to finished homes or buildings, or in batt form 
during construction, it becomes a permanent, integral part 
of the structure, does not rot or corrode and provides a 
fire-proof “blanket” ot exceptional insulating efficiency 

Installations 

For new construction or for unfinished w^all-spaces, 
Capitol Rock Wool is a\ ailable in batts 15 in x 23 in . 
fitting easily and snugh between 2 in x 4 m studding on 
16 in or 24 in centers Weight 6 lb per cubic foot 

For insulating side walls and roof spaces of finished con- 
struction, the manufacturers have highly trained blow^ng 
contractors everx’where Even the best insulating rnatenal 
must be properly installed to insure insulation efficiency 
and installation economy 



ExutKrj Traired 

L o*Ln'PK / ro*no e a shi* 
a Ditce 0^ Hapt/oard or a te ' 6 ru> s 
imer^io^ itie rout pozsit in o tne 
.2'^ for W’ 'onktrurtwn or up- 
nn.iftcd roomii ( api 0* Roct ITorf vn 
Bat* \o*t roi Lomdtte'n *Afl 

in'^iLa*ion *ne ipace ten 
t,tuading 


Results Obtained 

Experience in insulating all types of new or old construc- 
tion, has demonstrated the value of this insulation matenal 
and method In summer, the house insulated with Capital 
Rock Wool is 8 deg to 15 deg cooler than before insulation, 
the third floor having but 2 deg or 3 deg variation above 
the ground floor In w’lnter, temperature vanation 
between different floors and rooms is practically eliminated, 
doing away w^th the cause of drafts 

Industrial Insulations 

Blankets— A reinforced felted Capitol Rock Wool designed primarily for insulating 
boiler settings, fire walls, boiler breechings, smoke stacks wnthin buildings, tank cars, 
hot w^ater heaters, boilers, oil stills, bubble towrers, large diameter pipes, ducts, etc , and 
for absorbing sounds set up by machinery’ -.ca t- 

Insulating Blocks — A compressed pliable product for temperatures up to /60 F, 
for insulating domestic furnaces, boilers, and hot w’ater tanks, and for commercial 
boilers, tanks, ducts, stills and breechings r oa t- 

Pipe Coverings— With canvas or waterproof cover for temperatures trom DU t 

below’ zero to 1250 F. , , , , j 1 u ^ 1 . u u 

Insulating Cement— Plastic, quickly and neatly applied, available m both high 

and low temperature cements. 

CATALOGS and Specifications of our complete line of 
home and industrial insulations will be sent on request. 
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Insulation 


United States Gypsum Company 

300 \V Adams Street, Chicago, III. 


Ktlxsth Ga 
BoSTO^, MiSO 
Buffalo, N' V 
CiNciNVATi, Ohio 
Clevelavd, Obio 


Sales Offices 

Dulas Texas Los \ngeles, Calif 

Dex^ep, Colo Mil\»aukee, Wis 

Detpoit, Mich Mdtveapolis Minn 

Indiavapolis, Ind New York N Y 

Kansas City, Mo Omaha, Neb 


Philadelphia Pa 
Pittsburgh Pa 
Sr Louis Mo 
^vN Frantisco Calif 

W ASHINGTO , D C 


Insulating Building Board 
Insulating Lath 
Metal Reinforced 
Insulating Lath 
Insulating Tile 


PRODUCTS 
Insulating Plank 
Insulating Mouldings 
Roof Insulation 
Tongue and Groove 
Sheathing 


Strip Wool 
Bat Wool 
Junior Bat Wool 
Granulated Wool 


WEATHERWOOD BUILDING BOARD, SHEATHING LATH, 
PLANK AND TILE 


Weatherwood Insulating Board is a felted 
wood fiber product that has been treated 
to make u: highly moisture resistant It is 
formed on a single cylinder ^\hlch pro- 
duces a homogeneous board, free from 
laminations and tendencies to split 
through the center 
Low Thermal Conductivity 
The average established in tests is 0 33 
Btu's per hour, per square foot per inch 
thickness, per degree Fahrenheit difference 
in temperature 

Resistance to Moisture — 

Non- Absorption 

Tests show that this board, after being 

submerged in water for a period of tw’o (2) 

hours, has an aNerage water absorption of 

less than 15 per cent 

Structural Strength 

The tensile strength is over 350 lb per 

square inch, and the modulus ot rupture, 

over 500 lb 

Durability 

There is nothing in this board that will 
deteriorate prematurely and impair the 



Etecting Weatherwood Insulating Board Easy to 
handle Applied by nailing 


original insulation \alue Since the board 
is homogeneous, the fibers being inter- 
woven through the sheet, it will not split 
The Moisture Resistant chemical with 
which the fibers are treated makes the 
board distinctly distasteful to rodents and 
insects 

Uniformity 

Adequate laboratory control and mill 
inspection assure uniformity m density' 
and structural strength 



Applying J\ealhetwood I tie 



Weatherwood Reinforced In^tdattnq Lath 
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United States Gypsum Company 


Insulation 


RED TOP INSULATING WOOL 

Description 

Red Top Insulating Wool is an extremely 
light, fluffy wool insulation made ol 
silica — a fireproof material 
The nature ot the raw materials used, 
particularly as to purity, permits accurate 
manufacturing control— the product is 
uniform and consists of snow'y white, long- 
fiber wool It contains no “shot*' or non- 
msulating materials that add weight 
Red Top Wool is springy and resilient 
— it will not mat 

Low Thermal Conductivity 
The heat conductivity ot Red Top Insul- 
lating Wool (l -}'2 lb density) is 0 2{)(3 
Btu’s per inch thickness, per stjuare loot 
per hour, per degree Fahrenheit difference 
in temperatures (Tests by Proicssor 
Peebles, Armour Institute ot Technology) 
Unusually high m insulating efliciency, it 
is outstanding when, as customarily used, 
it is wall thick (4 in ) So used its rating 
is 0 066 

Light Weight (Density) 

In its standard density. Red Top Insu- 
lating Wool weighs but l-JjJ lb per cubic 
foot 


Types 

The types of Red Top Insulating Wool 
are illustrated in this page, showing 
adaptability 



ipfilyinti Rid lop Ship bthveen sluds Slnp 
lltnU has a lualo proof paprt hutktni{ ivilh a i m 
Jlanfie for naditm to stiiddinti Used as spown il 
pttvtnii lilt enlianct oj moisture into llu iHsiiUilwn 



Method of applying Rid Top Hal M ool 
helioeen mflus or sluddina 


ipplyinii Rtd lap *slnp 

Wool hiticeen iiUtf joists | RedTop luntoi Hats au t as tly and qUKLlv installed 

Coverage of Red Top Insulating Wool 

COVERAGE OF RED TOP INSULATING WOOL 

Type of Wool 

Volun« .t Covoraps per package at atandard deputy 


Stan d density ^ ^ including 2x4'!. | 4 in thick excluding 2 k 4’8 


Bat Wool in cartona 


1 21/2 cu ft (20 bats) 


Bulk Wool in paper bags 6 - j cu ft 


40 bq ft 
211/2 sq ft 

IOI7 


371/2 sq ft 

Tol^ft’^ 





Insulation 


The Zonolite Company 

General Offices 5905 Second Blvd., Detroit, Mich. 
Plant Libby, Montana 



ZONOLITE INSULATION FOR HOMES 


Zonolite IS a micaceous, non-metallic 
mineral insulation (aluminum magnesium 
silicate/ expanded man> times through 
a special process by the application ot 
intense heat It insulates both by its 
multiple dead-air cell construction and by 
its bright reflective surfaces Zonolite 
offers “three-way" heat control, tor it is 
an efficient, permanent barrier to the 
passage of heat by conduction, convection 
or radiation 

The density of Zonolite is uniform, 
tamper-proot Its insulating value is the 
same m the w’alls or on the ceiling as when 
it left the factor^’ Zonolite cannot be 
“fluffed ’ or stretched w^hen being installed 
it flow s evenh’, filling ev eiy’ nook and cor- 
ner with a “tailor-made" insulation ot 
high efficiency 

An Efficient Heat Barrier 

Believing that the efficiency of any home 
insulation must be determined under con- 
ditions of actual use, with such factors as 
type of building construction, radiant heat 
travel, wind movement and the uniformity 
of insulation density taken into consider- 
ation, The Zonolite Company is helping to 
pioneer the factor (overall coefficient 
of transmission^ as the only satisfactory, 
accurate standard of insulation value 

One such “ Cf” factor test, made at the 
College of the City of New” York, show^ed 
that Zonolite, installed in a standard w”all 
section, reduced the heat loss through that 
section by 73 1 per cent Another signifi- 
cant test w”as made in Detroit “Twin” 
houses, identical in every important 
particular, w”ere erected one was left 
uninsulated, the other insulated with 
Zonolite Accurate records through the 
w’lnter of 1935-36 proved that Zonolite 
reduced fuel bills 38 per cent held 


temperature fluctuation within 2 deg as 
contrasted with a fluctuation of as much as 
18 deg m the uninsulated house 

Zonolite Meets Every 
Insulation Requirement 

Zonolite Insulation is ALL-MINERAL 
— ROTPROOF and FIREPROOF, 
VERMIN-PROOF — rats, mice, termites 
or insect larvae w ill not eat it or nest in it , 
SOUND ABSORBING— tests by V O 
Knudsen, acoustical authority, show* Zono- 
lite to be high in sound absorption and 
sound insulation, LIGHT IN WEIGHT 
— ^approximately 6 lb per cubic foot 
DIELECTRIC — a test by J C Peebles. 
Armour Institute ot Technology, showed 
that 20,800 volts w^ere required to puncture 
a one-inch layer of Zonolite betw’een one- 
mch brass balls. SAFE TO HANDLE 
— no danger ot silicosis, lead poisoning, 
sores or boils, CHEMICALLY INERT 
— tests of every description prove Zonolite 
will not deteriorate in any w”ay or affect 
any material with which it comes in con- 
tact, ODORLESS — will not absorb or 
give off odors under any conditions 
Zonolite forms a THICK insulation, is 
approved by leading air conditioning firms 
tor use with their units 

Economical to Install 

Zonolite IS easily installed in attics and 
w’alls by blowing or pouring directly trom 
the bag Whichever method is used 
Zonolite fills completely, with an un- 
changing, uniform density Your local 
Zonolite representativ'-e will furnish ac- 
curate estimates of installation costs 

Zonolite is packed in and 4 cu ft 
bags One 4 cu ft bag w ill cover 17 sq It, 
3 in deep, a 3J^ cu ft bag will cov’er 14J^ 
sq ft, 3 in deep 
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The Zonolite Company 


Insulation 


ZONOLITE-ASPHALT 
ROOF BLOCK 

Both a durable roofing, weatherproof 
throughout its thickness, and an efficient 
insulation (Thermal conductivity 0 38 
for the minimum applied thickness of 1^2 
in ) Not penetrated or affected by hot 
moppings, insulating value is the same in 
application as in laboratory Elastic 
will take up expansion, contraction, or 
une\eness in the roof deck Avithout 
cracking or forcing out the asphalt between 
the blocks 

Economical to Apply. Three plies of 
roofing felt are usually ample for any ]ob 
No special precautions, either before or 
during application, are necessary to 
protect the insulation from the weathei 
Rotproof, waterproof, vermin-proof and 
highly fire resistant, Zonolite- Asphalt 
Roof Block IS an ideal insulator for all 
types of roof decks It is available in 12 in 
\24m blocks of any desired thickness 
from in up 

ZONOLITE AIR DUCTS 

(Patented) 

Sound Absorbing and Insulated 

Entirely new in both concept and design, 
Zonolite Air Ducts are formed of heavy, 
specially-designed w ire mesh Directly to 
this mesh is applied Zonolite Insulating 
Cement — a thermal and sound insulator ol 
great efficiency No inside lining is 
necessary The result is a duct which 
prevents condensation, minimizes drag, 
and absorbs sound at the rate of 1 5 
decibels per foot of duct (Duct size 
9 } 2 in X 11 in ) 

Zonolite Air Ducts (Patented) permit 
increased air velocity w'lth no increase m 
noise, thereby allowing the use of a 
smaller duct to carry a specified volume of 
air They are absolutely vermin-proof, 
rotproof, and fireproof, inside and out 
Will withstand excessive vibration and high 
air pressures Made exclusively by local 
sheet metal shops licensed by The Zonolite 
Company 

ZONOLITE ACOUSTICAL PLASTER 

A carefully prepared mixture using 
Zonolite, the all-mineral sound and heat 
insulation, as a base Can be applied on 
either old or new w^alls, at a cost which is 
extremely low for an efficient acoustical 
material Extremely light in weight, easy 



ZonoUlt {louslinil and Insulaiinii Flasie)\ nsuI in 
btautiiul niiv Cisu Chaptl, Ochotl 


to work and apply It has prov^ed its 
ability to correct the acoustics of the most 
difficult rooms, and to provide a high 
measure of thermal insulation at the same 
time Its color, when dry, is an attractive 
golden tan May be tinted to harmonize 
W'lth any decorativ e scheme 

ZONOLITE INSULATING PLASTER 

Insulates and Plasters in one Job 

An all-mineral plaster, extremely light 
in weight and uniform Insulates ef- 
fectively against passage of heat and 
transmission of sound Fire resistant, 
easy to handle and spread The clastic 
nature of the Zonolite ingredient permits 
expansion and contraction after appli- 
cation, thus adding permanence and strain 
resistance to the plaster, and reducing 
cracking By applying Zonolite Insu- 
lating Plaster as brown and scratch coats 
over any plaster base, an unusually fine 
foundation for finish coats is provided 

ZONOLITE INSULATING CEMENT 

A 100 percent mineral product, Zonolite 
Insulating Cement is ideal for insulating 
tanks, boilers, etc , where the insulation 
must stand temperatures up to approxi- 
mately 1000 deg Its base is Zonolite, 
which accounts for its light weight and 
unusual efficiency Has pronounccil sound 
absorbing ciualities as well as high thermal 
insulating properties 

Zonolite Insulating Cement adheres 
well to any clean metal, concrete or tile 
surface Can be reclaimed simply by 
adding w'^ater 

Special cements are also av^ailable for 
industrial furnaces and other applications 
where temperatures run higher than 1000 
deg 


Write for Full Details, Specifications and Name of Local Representative 
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Insulation, Underground 


H. W. Porter & Co. 

INCORPORATED 

Newark, New Jersey 

BM-TIMORE WASHINGTON RICHMOND CIIVRLOITE 



CONDUIT SYSTEMS 

Description — Therm-O-Tile is a com- 
plete conduit system lor the permanent 
support, protection, and insulation ot 
underground pipe lines The tile is made 
6 in to 24 in in diameter and with five 
different size base tiles, producing twenty- 
seven different conduit cross sections 



Foundation — ^The base of the system 
IS a thick concrete slab poured directly in 
the trench bottom, reinforced with steel 
when installed over a filled or boggy 
ground 

Drainage — ^The drainage system of the 
conduit IS entirely internal, open to in- 
spection at manholes, and of ample ca- 
pacity to keep the pipe space dr>' at all 
times without any possibility of becoming 
clogged w ith silt or \ egetation 

Pipe Support — All pipes are supported 
on cast-iron adjustable supports resting 
directlj on the concrete base independent 
of the tile envelope 

Accessibility — ^All piping is installed 
before tile is placed, giving complete ac- 
cessibility for welding, testing and insu- 
lation Pipe fitters work on concrete slab 
walkwa> 

Strength — Due to immovable concrete 
base and arch construction of extra heavy 
tile members, conduit wnll sustain any 
roadway traffic load usually encountered 
without extra reinforcement. 

Insulation— In this conduit, either 
sectional pipe covering or Thermobestos 


fibre filling may be used tor insulation, as 
the insulation space is kept dr> at all 
times, by the internal dram P'or single 
or double pipe lines, sectional insulation ot 
economical thickness is recommended, for 
multiple pipe lines, a filler type of insu- 
lation is usually more economical in first 
cost 

Waterproofing — Under normal soil 
conditions, this conduit is waterproof If 
marshy ground or partially submerged 
conditions are encountered, the conduit 
may be made completely w'aterproofed b> 
the use of membrane waterproofing applied 
under the slab on a sub-base and earned 
completely over the tile envelope 

Efficiency — The degree of thermal 
efficiency secured depends upon the type 
and thickness of insulation used This 
conduit, due to its sealed air chambers in 
the tile and dry insulation space, adds to 
the norAial efficiency of the insulating 
material on the pipe lines 



Pipe Supports 


S%Mle or DoiMe Afvltifle Px-pe 

Lines UnnQ Lines Usinq Filler 

Sectional Pipe Type Insulation 

Insulation 

Therm-O-Tile is also sold and installed 
locally by Johns-Manville Construction 
Units 
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Insulation, Underground 


The Ric-wiL Company 


Afients in 
Principal Cities 



Established in 
1910 


CONDUIT SYSTEMS FOR 
UNDERGROUND STEAM PIPES 

Union Trust Bldg, new york-chicago- ban francisco Cleveland, Ohio 


Conduit — Standard conduit is vitrified 
salt glazed tile or cast-iron with Loc-liP 
Side Joints, bell and spigot type, lined or 
unlined Tile in 24 in sections, si/es 4 to 
27 in inside diameter A Super-Tile con- 
duit to support any average traffic load is 
also available For extra heavy duty 
under railroads or where conduit is subiect 
to extreme loads, Ric-wiL is made ol cast- 
iron in 2 or 4 ft sections Where reduced 
labor cost is not essential, Ric-\mL Uni- 
versal Type System is recommended 
(details on request) 

Base Drain— Standard Base Dram is 
vitrified salt glazed tile tor tile conduit and 
extra heavy tile or cast-iron lor the cast- 
iron conduit, in 24 in lengths Made in 
three sizes to support and drain properly 
all conduit sizes 

Pipe Supports— Standard pipe sup- 
ports will carry from one to five or more 
pipes and are ordinarily spaced 12 It apart 
They are strong, made ot cast-iron, rust- 
proofed, and interlock with the base dram 
ioundation, imposing no load on the con- 
duit itselt No movement ol pipes can 
disturb them Special pipe supports avail- 
able for different conditions. Information 
on rec|uest 

Insulation— Ric-wiL Dry-paC Water- 
proof Insulation is high-grade long fibre 
asbestos processed so that it is permanently 
water repellant Ol unusually high 
efficiency and great natural strength, it will 
not slump away tiom pipes and is non- 
corrosive Sample will be sent gladly lor 
testing Ric-wiL No 11 Insulation (same 




as Dry-paC except non-waterproof) or 
sectional pipe cov^ering can also be fur- 
nished For lined conduit, didleomaceous 
earth mixture is molded and keyed inside 
the tile 

Accessories — Shuttei sleeves, filter 
cloth, asphalt loint cement, water-proofing 
compound, manhole covers, and other 
accessories wmII be furnished as desired 

Engineering Service— Full coopera- 
tion with architects and engineers In- 
stallation supervision it desired 

Technical Data -Tabulated Steam 
Heating Kales, Test Reports, Service 
Detail Bulletins, (\italog Bulletins, ('entral 
and District Heating Bulletins and Archi- 
tects and Engineers Detail Sheets available 
uixm reejuest 



Hu’VnL Unit Steam Main, a prefabneated ready4tH.nilaU 
unit, 13\4 ft long, including conduit {Armco Iron), pipe, 
ifieulalum and acceesonea Ideal for apeed and economy on 
diatriet heating projecta 
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Insulation, Underground 


Underground Steam Construction Co. 

75 Pitts Street, Boston, Mass. 


PRODUCTS — Engineering and Contracting of Steam Line 
Installations. Underground Steam Conduits. 

USCCO PRE-CAST CONCRETE CONDUIT 

This unit marks a long step forward in the economics and mechanics of laying under- 
g:round steam lines 


Its Outstanding Features Are: 




Strength resulting from flat reinforced 
bell, from the longitudinal joints, and 
from the fact its sections are 4 feet long, 
reducing the usual number of joints 
necessary 

Shape which allows 12 per cent greater 
inside capacity than circular conduit of 
like diameter. This permits larger pipes 
in a given size conduit and more room for 
drainage, pipe supports and rolls 

Ease of Installation resulting from the 
fact that all top and bottom halves mate 
Bottoms may be laid for any distance, the 
piping installed and then the tops brought 
up and laid. This speeds up the work and 
protects idle halves from damage They 
can be stored away from the job 

Materials are high strength cement with 
suitable aggregate, amply reinforced with 
ware mesh 

Pipe Supports are of cast-iron and quickly 
installed They may be placed anywhere 
in the conduit The weight of the pipe 
holds them in place 

Joints may be of any standard accepted 
brand of jointing compound or they may 
be of standard Portland cement mortar 
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Meiers, Steam 


Builders Iron Foundry 

23 Codding Street Providence, R. I. 

Representatives in Principal Cities 

The CHRONOFLO METER for nearby or long distance measurement of flow, 
level, pressure, temperature, weight, or position. 

The SHUNT METER for steam, air and gas 

The VENTURI METER for boiler feed water supply, and other main pipe lines. 


0 CHRONOFLO METERS AND CONTROLLERS 

“From hundreds of feet to hundreds of miles** 

Chronoflo Meters- Meehan u ally measure flou, pressure, tem- 
perature, or position m terms ot lime, eleitncally transmit this time 
duration eciuiv^nlent ot the quantity to any point— or points — nearb\ 
01 miles away There a Receivmj> Instrument meilutuically indicates, 
records, or registeis it It dcsiied, the same “impulse" may he used to 
operate flow, pressuie, tempeiatuie, weight, or position controllers Regular A C 
current is used and accuiacy is not attccted by \oltage variation Suitable toi neaiby or 
long distance transmission o\er {)iivatc wires or public 
telephone channels Write lor Bulletin 

THE SHUNT METER 

A low' pi iced, practical, mechanical, meter easily installed 
and accurate over a wide range Regularly used by many 
District Heating Companies tor measuring steam sold, also 
ordered and re-ordered by leading industrial plants to meter 
steam or air lurnished tenants, departments, and processes 
The illustration show's the complete meter Installation 
consists simply ot bolting to flanges in the flow line, no 
connecting pipe or electric wiring A portion of the 
entering steam is deflected by an orifice through nozzles 
against the blades of a turbine located in the upper or shunt 
passageway The speed of the turbine is kept low by a 
dampening fan on the vertical turbine shaft, at the bottom 
end ot which is a magnetic drive to the totalizer dials 
The meter is installed as a unit m 2, 3 and 4-in lines, 
for larger capacities the installation is made in a by-pass 
aiouncl an orifice in the mam line W'lite lor Bulletin 2/)r> 
Shuni Steam Meter, Type KS and pnies 




Steam Pressure 
Lbs ^ Sq In 
Gauge 

Rated Capacity of Saturated Steam —Lbs per Hour (Meters with largest onfice) 

2'' Meter 

3* Meter 

4' Meter 

6* Meter 

8' Meter 

lO'^ Meter 

12'' Meter 


0 

600 


2,530 

5.660 

9,850 

15,200 

19,000 


5 

800 


3,350 


11,300 

17,500 

21,800 

Low Pressure 

15 

1200 


4,750 

7,860 

13,700 

21,100 

26,300 

Meters 

30 

1650 


5.850 

9,550 

16.600 

25,600 

31,900 


50 

2000 



11,400 

19,800 

30,500 

38,000 


50 1 










4150 


16,600 





(Svanaora 

Meters 






60,500 







22 700 


68,600 




250 



25,200 





Extra Heavy 

275 

6600 

15,200 

26,500 

45,000 

79,400 

123,000 

154,000 

Meters 

300 

6900 

15,700 

27,500 

46,800 

82.500 

128,000 

160 000 


Minimum Capacities equal one-tonth tabulated quantities Many other smaller and intermediate capacities available 
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Motors 


Century Electric Company 

1806 Pine Street, St. Louis, Mo. 

Offices and Stock Points in Principal Cities 

MULTISPEED MOTORS }i to 200 Horse Power 
Press the Button — Change the Speed . 

Especially adapted to meet the variable or con- 
stant speed requirements of Fans, X’^entilators, 
Refrigerators and similar apparatus where adjust- 
able speed change is a requirement Built for 
2. 3, 4 or more speeds — automatic, push button 
or manual control Wide or narrow speed 
ranges, such as 1800/1200 or 1800/600 down to 
900 ''450 rpm (60 cycle) Conventional open 
or splash proof type Special speed combina- 
tions are also available Ball Bearings or 
phosphor bronze sleeve bearings 

CENTURY MOTORS 


For Compressors, Pumps, Fans, Blowers, Refrigerators, Stokers, Oil Burners 


T>pe of Motor 

Horse Power 
Range 

Starting 

Duty 

Remarks 

Applications 

SINGLE PHASE MOTORS 

RS — Brush-Lifting 

1,8to40 

Heavy 

Low Startmg Current, High Starting Torque 

Piston or Plunger 
Pumps, Refrigerators 

BR — ^Brush-Riding 

1 8 to 3 4 

Heavy 

Short Annual Service Characteristics 

CPH — Cap Start and Run 

l,8to 10 

Heavy 

High Starting Torque 

Stokers, Compressors 
etc 

CSH — Cap Start 

I 8to3 4 

Heavy 

High Starting Torque 


CSN — Cap Start 

1 to 10 

Medium 

High Starting Torque 

Fans (Belted or Direct 

CPX — Cap Start and Run 

1 to 10 

Light 

Must be Loaded to at Least 50 per cent 
Capaaty 

Connected) Centnfu- 
fugal Pumps, etc 

SP — ^Spht Phase 

1,60 to 1,3 

Medium 

Unrestricted Starting Current, Long or Short 
Annual Service Characteristics 

Oil Burners, Unit Heat- 
ers, Blowers, Fans 
Small Tools, etc 

SP — Spht Phase 

I 60 to 1, 3 

Light 

Restricted Starting Current, Long or Short 
Annual Service Characteristics 



POLYPHASE MOTORS 


SC— Squirrel Cage 

1 / 8 to 600 

Medium 

Normal Startmg Current Normal Torque 

General Purpose 

Motors 

SCN— Squirrel Cage 

2 to 200 

Medium 

Lower Startmg Current than SC Normal 
Torque 

SCH— Squirrel Cage 

3to200 

Heavy 

Low Starting Current High Starting Torque 

Refrigerators. Piston or 
Plunger Pumps, Com- 
pressors etc 

AS — Automatic Start 

1 to 60 

Heavy 

Lower Starting Current than SCH High 
Startmg Torque 

SR— Slip Ring 

I,2to200 

Heavy 

For Frequent Starting and/or Speed Control 

Fans, Blowers, Centrif- 
ugal Pumps. Com- 
pressors etc 

DIRECT CURRENT MOTORS 


DM-DN-R 

Shunt Wound 
Constant Speed 

1,20 to 400 

Torque is limited only by Commutation A 
Direct Current Motor has ample Torque 
to start any load that it can cany when up 
to speed Startmg Current is fimited by 
' Controller to about 150 per cent of full 
load current for light starting torque ro- 

Fans, Blowers. Centrifugal 
Pumps. Machine Tools etc 

DM-DN-R 

Compound Wound 
Varymg Speed 

1 12to400 

Reciprocating Pumps, Com- 
pressors and Machines 
with Flywheels, etc 

DN-R 

Shunt Wound 
Adjustable Spieed 

1,2 to 100 

1 quirements with corresponding increases 
m current for mcreased startmg torque 

1 

Fans, Blowers, Machine 
Tools, etc 


Quiet Starting— Quiet Running— Remarkably Free from Vibration— Keep Themselves 
Clean Inside-— Easy to Keep Clean Outside — Harmonizing Appearance — Century 
Squirrel Cage Polyphase Motors are Especially Adapted to all types of Air Conditioning 
Equipment 
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Motors 


The Ideal Electric & Mfg. Go. 

Mansfield, Ohio 

Sales Offices in All Principal Cities 167 Service Shops in U S A 


One ot the largest independent motor 
manufacturers, Ideal makes more than 3h7 
different types and styles of motors tor all 
types of ser\'ice in sizes from I to 3000 hp 



Squirrel Gage Induction Motors suita- 
ble for all general purpose requirements 
Made in all torque and inrush classifica- 
tions, sizes I to 600 hp Available with 1, 
2, 3, or 4 speeds, in standard open type, 
splashproof, drip proof, tot al I > -enclosed 
fan-cooled, and pipe ventilated designs 
Also as 100 per cent or 80 per cent leading 
power factor induction motors lor power 
factor correction 


•0 



sup Ring Induction Motors with speed 
adjustable to 50 percent full speed values 
All sizes 1 to 600 hp 


Direct Current Motors of all types and 
sizes I to 600 hp, constant or variable speed 



Self-E\cited Synchronous Motor for 
general purpose applications where a con- 
stant speed high efficiency A C motor is 
desired Available in all si/es Irom 3 to 
100 hp at speeds ot LSOO— IKK) rpm 



Ideal Synchronous Motors, engine and 
pedestal type lor direct connection to low 
speed compressors All si/es 10 to 3000 hp 



Ideal Flywheel Type Synchronous 
Motors lor direct connection to com- 
pressors Their compactness enables 
mounting direct on the compiessor m 
small si/cs In large sizes an outboanl 
pedestal bearing supports part ol the rotor 
w^cight All si/cs 15 to 700 hp 

Free Engineering Service is <ivailal)le 
We will gladly make recoin mendal ions loi 
the type ol motor drive best adapted to 
any application if you will give the service 
reciuiremcnls Literature is available 
covering all Lleal K(|iiipmeiit Write 
Customers’ wServicc Division, c /o Ideal 
Electric Mlg C'ompany, Mansfield, 
Ohio 
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Motors and Controllers 


GENERAL ELECTRIC COMPANY 

SCHENECTADY, N. Y. 

SALES OFFICES WAREHOUSES SERVICE SHOPS and DISTRIBUTORS in PRINCIPAL CITIES 
For Code Wire, Conduit Products, Wiring Devices, Insulating Materials etc.. 
Address— APPLLANCE AND MERCHANDISE DEPARTMENT, BRIDGEPORT, CONN 

HEATING, \’ENTILATING, AND AIR-CONDITIONING MOTORS 



Womd-TotoT quiet-operatinq induction motor on Sldit-phai,e indudion Jrattional 

uiund-Uxola*ing oai^e Type MB koreepower motor Type KH 


The complete line of motors manufactured b> the General Electric Company offers 
)ou a motor with electrical and mechanical characteristics best adapted to your com- 
pressor, fan, or pump application The most frequently used applications are listed 
below Complete information on other types of motors, vertical, enclosed, etc , with 
\anous electrical and mechanical modifications, may be obtained Irom our nearest sales 
office 

A complete line of motors, designed and tested especially for quiet operation lor use 
m schools, hospitals, commercial building^, and also a complete line of special sound- 
isolating bases for these motors are available 


SOME G-E MOTORS AND THEIR USES 


Application 

1 Speed 



Horsepower Range 

^Iwitication 

Fans and Centrifugal 
Pumps 

1 

Constant or 

Shunt 

B&CD 

1/8-200 

Direct 

Reaprocating Pumps 
and CompEessors 

Adjustable 

Compound 

B&CD 

1/8-200 

Current 

Small Direct Connected 
Fans 

Constant 

Resistance Split Phase 

KH 

1/40-1/3 


Reactance Split Phase 

KX 

I/6-I/3 



Constant or 
3-^ieed 

Low Torque 

Capaator 

KC 

1/50-10 

Single 

Phase 

Belted Fans Centrifugal 
PunqM 

Constant or 
2>Speed 

High Torque 

KC 

1/4-10 

Alternating 

Current 



Capaator 

KC 

I/8-I0 


Pumps Compressors 

Fans 


Repulsmn Induction 

SCR 

1/0-10 


Constant or 
Multupeed 

Squirrel Cage 

KorKB 

1/4-1000 



(Low Starting Current) 

KF 

7>/r-75 








Polyphase 

Alternating 

Current 

Reciprocating Pumps 
and Compressors 


(High Starting Torque) 

KG 

3-100 


Pumps Compressors. 

Fans 

Constant or 
Adjustable 

Wound 

Rotor 

M&MB 

«/2-1000 


Constant 

Synchronous 

TS 

25-2000 



This Company will gladly assist in the solution of any 
electrical problems in relation to heating and ventilation 
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Motors and Controllers 


GENERAL ELECTRIC COMPANY 

SCHENECTADY, N. Y. 

S\LES OFFICES, WAREHOUSES. SERVICE SHOPS and DISTRIBUTORS in PRINCIPAL CITIES 
For Code Wire, Conduit Products, Wiring Devices, Insulating Materials, etc , 
Address— APPLIANCE AND MERCHANDISE DEPARTMENT , BRIDGEPORT, CONN 


CONTROL FOR HEATING, VENTILATING, AND 
AIR-CONDITIONING MOTORS 

The General Electric line of standard control 
offers manual or automatic ecjuipment for com- 
pressors, fans, or pumps driven by any type motor 
which you require, providing lull protection lor 
your motor, especially those listed on the pre- 
ceding page 

For special applications General Electric con- 
trollers can be designed to meet your exact 
requirements 

The following is a list of typical control etjuip- 
ment applicable to all motors listed on the 
preceding page 

Full-voltage automatic starters with thermostatic control tor fans, oi pumps 

Automatic reduced- or full-voltage starters for synchronous motors driving compressors 

Manual or automatic speed-regulating controllers for wound-rotor motors driving fans 

Manual full-voltage starters for pump motors 

Manual speed-regulating switches for small capacitor motois driving Ians 

Capacitors for improving pov\cr-factor 



Electrically operated valves 



CR 7006 — full voltage 
magnctu switch for ukc with 
indutfton motorn 


ACCESSORIES 

Thermostats 
Float switches 
Pressure switches 



VRi061 fractional- 
horsepower - motor 
’darting swiUh for 
mil mounting 


Indicating Push buttons 



('R-g'07-C ilutiunllg 
opr rated valt't 


Motors and control of one manufacture insure perfect operation simplily installation 
and insure good service for the entire installation 

This Ck>mpany will gladly assist in the solution of anv 
electrical problem in relation to heating and ventilation 


See also pa^es 860 and 86 1 
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Pipe and Tube, Copper 


The American Brass Company 

General Offices— Waterbury, Conn. 


Manufacturing Plants 

\nsonu Conn*, Toprlngtun, Conn Witerbury Conn Buffalo, N 1 . Detroit, Mich Kenosha, Wia 


Boston Mass One Forty Federal Sl 
Straohsb N Y , 207 E Genesee St 
Providevcb, R 1 , 131 Dorrance St 
New York, N Y , 25 Broadway 
Newark, N J , 20 Branford Place 
Philadelphu, Pa , 117 South 17th St 

CANADIAN PLANT 


Offices and Agencies 

VTashivoton, D C 1511 K St , N W Chicago, III , 1326 W Washington Blvd 
Atlanta, Ga 66 Luekie St Sr Louis, Mo , 408 Pino St 

Pittsburgh, Pa , 1228 Brighton Rood Houston, Texas, 609 Fannin St 
CiBi BLAND, Ohio, 2906 Chester \ve San Francisco, Calip, 

Dayton, Ohio 32 North Mam St 235 Montgomery St 

Cincinnati, Ohio, 101 West 4th St Los AvoELiufa, Calif , 411 West Fifth St 

Anaconda 4b£erican Brass Limited, New Toronto Ontario 


PRODUCTS— Anaconda Deoxidized Copper Tubes and Fittings; Anaconda 
“85” Red-Brass Pipe; Everdur Metal for storage heaters, storage 
tanks, ducts and air conditioning equipment 





ANACONDA COPPER TUBES AND 
FITTINGS 

For Heating, Plumbing and 
Air Conditioning 

Anaconda Deoxidized Copper Water 
Tubes assembled with Anaconda Fittings 
ofier an unusual combination of advan- 
tages in hot \^ater heating systems at a 
cost only slightly higher than black iron 
and approximately the same as wrought 
iron pipe These advantages may briefly 
be summarized as follows 
Complete Immunity to Rust — 
Copper heating lines can never rust 
through to leak, nor will the> become 
clogged with rust deposits This means 
long service at a minimum of upkeep 
expense 

Low Friction Loss — Because the inside 
surfaces of copper tubes do not become 
roughened by the formation of rust, these 
tubes offer a minimum resistance to flow 
In addition, the long radius turns of 
Anaconda Elbous and the smooth inside 
surface of Anaconda Wrought Copper 
Fittings further reduce friction losses 
These factors naturally increase the 
efficiency of the system, particularly when 
it includes a forced pressure circulator 
Low Heat Loss — The bright copper 
tubes radiate much less heat than black 
iron pipe of the same size 
Ease of Installation — In many instal- 
lations, a short section of soft copper tube 
can be installed betwreen the lateral run 
and the radiator As these soft tubes can 
readily be bent by hand, this frequently 
eliminates several fittings In many other 
places, also, the flexibility of soft copper 


tubes simplifies connections that ordinarily 
would be awkward and expensive to make 
with rigid pipe and threaded fittings 
Anaconda Solder Fittings are compact 
They can be installed in constricted space 
where the use ot a wTench would be 
impossible 

Architects and builders naturally object 
to large holes and notches cut in the 
framing members of a building tor the 
passage ot piping Anaconda Copper 
Tubes can be installed with a minimum ot 
cutting in the structure, although holes 
should be large enough to permit move- 
ment of tubes due to expansion and 
contraction 

Appearance — Anaconda Deoxidized 
Copper Water Tubes assembled with 
Anaconda Solder Fittings present an at- 
tractive appearance It is customary 
practice to clean the lubes after they are 
installed and apply a coat ot clear lacquer 
or similar substance This treatment keeps 
the tubes bright and makes an installation 
ot w^hich both the plumber and owner can 
be proud 

Temper and Gauges — Anaconda Cop- 
per Tubes are made in both hard and soft 
temper and in three types as to wall 
thickness Designated as types K, L and 
M, they meet the requirements for these 
types of tubes in U S Government Speci- 
fication WW-T-TQQ** and A S T M Speci- 
fication B-SS-SS'^ Type K, the heaviest, 
is recommended for heating lines and 
general piping Type L tubes are suitable 
for interior plumbing Type M tubes are 
not recommended for healing lines 

Accuracy of Dimensions — Anaconda 
Deoxidized Copper Water Tubes are all 
finished to the close tolerances required by 
the A S T M and Federal Specifications, 


♦Specifications for Type M tubes, call for hard 
drawn tubes only. 
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Pipe and Tube, Copper 


The American 

\\hich have been touncl essential for 
efficient assembly with solder fittings 

Permanent Identification— For per- 
manent identification, the name “Ana- 
conda” and the letter designating the type 
of tube IS stamped in the metal at intervals 
of approximately 18 in , throughout e\ery 
coil or straight length ol tube 

Availability — Anaconda Copper Tubes, 
in all standard sizes, are carried in stock by 
distributors of Anaconda Pipe, located in 
the principal trading areas of the country 
These tubes, in si/es up to and including 
1^4 in are furnished soft in 30, 45 and 
60-ft coils, also hard and soft in 20-tt 
straight lengths Sizes over 1 t in are lur- 
nished, hard or soft, in straight lengths only 

ANACONDA SOLDER FITTINGS 

Anaconda Solder Fittings are available 
in both wrought copper and cast bron/ce 
They are made to the exacting dimensions 
so essential for sound, leak-proot joints 
Smooth inside surtaces permit quick, 
thorough cleaning which is necessary lor 
satisfactory soldered connections Deep 
cups, with adequate shouUlers for the 
tubes to butt against, provide a maximum 
area for the solder bond 

All Anaconda Solder Fittings are tested 
to 90 lb air pressure under water, which is 
the equivalent oi 400 to 450 lb water 
pressure They are so designed as to offer 
a minimum of resistance to the flow of 
water 

Anaconda Wrought Copper Solder 
Fittings — Anaconda Wrought Copper 
5>older Fittings provide copper to copper 
connections They are unitormly true to 
size, of one piece, seamless construction, 
and are free from porosity — features which 
make these fittings ideal not only tor 
heating lines but also for air conditioning 
and refrigerating installations, where the 
penetrating power ot the commonly used 
refrigerants demands absolute freedom 
from porosity 

The American Brass Company offers 
Anaconda Wrought Copper Solrler Fit- 
tings, including elbows, tees, couplings, 
unions, and a complete range ol reduction 
and adapter combinations trom *'i in to 
4 in inclusive 

Anaconda Cast Bronze Solder Fit- 
tings — Anaconda Cast Bronze Solder 
Fittings are extensively used for interior 
plumbing They are available in all 
standard sizes from ^ in to 10 in (sizes 
up to 4 in are earned in stock), in a com- 
plete line of elbows, tees, couplings and 


Brass Company 

unions, including all standard reduction 
and adapter combinations With such a 
broad range of Cast Bronze Solder Fittings, 
any usual type ol connection can be made 
without resorting to the trouble and 
expense ot using combinations of fittings 

Literature — Anaconda Deoxidi/ed 
Copper Tubes, Fittings, Solder and Acces- 
sories are discussed at length m Anaconda 
Publication B-l, Tenth Edition Copies 
w'lll be mailed to Heating, Piping, \'enti- 
lating and Air Conditioning Engineers on 
reriuest 

ANACONDA “85” RED-BRASS PIPE 

Anaconda “85” Red-Brass Pipe, in 
standard pipe sizes, is offered as the highest 
quality corrosion-resistant pipe commer- 
cially obtainable at a moderate price and is 
recommended tor steam return lines 

Anaconda “85” Red-Brass Pipe con- 
tains 85 per cent copper and conforms to 
government specifications for Grade “A” 
water pipe The words “Anaconda 86 
Red-Brass” are stamped in the metal at 
intervals of one foot throughout each 
length 

EVERDUR METAI. 

’‘Everdur Tanks— Nearly all copper, 
Everdur is a special non-rust alloy which 
combines high strength and complete 
immunity to rust with ready weldabilit> 

It is an ideal material for durable, rustless 
w^ater tanks of every description -drom 
domestic range boilers to giant storage 
heaters for hotels, laundries, hospitals, 
textile plants, schools or breweries 

Everdur is made in all commercial 
shapes, including tank plates which have 
physical properties as given m A S T M 
tentative specifications B9(i-3iT For ad- 
ditional data, and names of labricators, 
address our nearest office or agency 

Everdur for Air Conditioning Equip- 
ment — Everdur Metal has been used with 
marked success for fans and blowers, 
ducts, humidifiers (air washers} and for 
various cast and wrought parts of other 
equipment items subject to corrosive 
influences 

Because of its strength and welding 
properties, Everdur may be substituted 
for steel in the same gauges, fabricated by 
substantially the same methods, and with 
the same equipment 

•“Everdur" u a re(tiatered trademark identifying pro- 
daots of The Amencan Brass Company made from alloys 
of copper, silicon and other elements 



Pipe CLTid Tube, Copper 


A 

Chase Brass & Copper 

Co. 

Incorporated 

Subndtary of Kennecott Copper Corporation 


Waterbury 


Connecticut 


RUSTLESS HEATING LINES OF CHASE COPPER TUBE 
AND CHASE SWEAT FITTINGS 


Here are a few reasons why copper tube should be used for heating lines 1. Copper does 
not rust, therefore the water or steam inside the lines remains clean 2. Absence of rust 
and scale formation assures permanent onginal steam or water carrying capacity. 3. 
The resistance to flow in copper tube is low 4. Delicately adjusted thermostatic 
valves and traps are not rust-clogged out of commission 5. Copper is inexpensive and 
as satisfactory for giving service as any material known 

TEMPER— Both hard and soft tubing are available for heating lines In remodelling 
work, and m replacing old heating systems the soft copper tube will be found par- 
ticularly useful It can be worked down between walls and around corners, long 60 ft 
coils eliminate many useless connections For all soft copper tube we recommend the 
ectra heavy gage, (known by United States Government specifications as ‘‘Type K'O. 
For the average new installation w^e recommend the light gage copper tube (“Type M ”) 

P^SSURE — Chase copper tube is adaptable for all low pressure heating systems 
While we do not recommend the use of copper tube with any steam system having 
more than 30 lb. pressure, the factor of safety over such pressure is very great The 
bursting pressure, for example, of % m. Chase copper tube and sweat fittings when 
connected together is 3,050 lb per square inch 



RETURN LINES — While we recommend 
copper tube for all heating lines, it is in the 
return lines that the greatest amount of 
lasting takes place Architects and Engineers 
have learned by experience that these are the 
lines that are apt to rust and in some instal- 
lations need replacement, after a very short 
period of service 

CATALOG — ^The information on these two 
pages is necessarily brief If you would like 
the detailed stor>' wnte for a copy of our book, 

‘ Chase Copper Tube for Heating Lines “ 



This %s a typical vapor installation Notice the 
neatness of the copper tube and sweat fitting 
heating lines Also the absence of union 
connections 
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Chase Brass & Copper Co, 


Pipe and Tube, Copper 


CHASE COPPER TUBE FOR HEATING LINES 



Steam Carrying Capacities 

The steam carrying capacity of copper tube is greater than that of iron pipe ol the 
same nominal size For example, in a steam main, 2 in copper tube is capable of taking 
care of a load of 444 sq ft of radiation as compared with 386 sq. ft for 2 in iron pipe 
This IS an increase of 15.1 per cent. 

For equal steam pressure drop the capacity of copper tube is on the average 10 per cent 
greater than for the same nominal size of iron pipe Because of this it is ficquently 
possible to use tube of smaller size 


Pipe Covering 

Copper Water Tube uses the same standard pipe coverings as other heating pipes, but 
in most cases requires one size smaller covering This is a saving in the cost of covering. 

Costs 

The slight extra cost of Chase copper tube and sweat fittings is a very small amount in 
dollars to pay for the advantages of a copper tube installation. 


SIZES AND WEIGHTS OF TYPE “M” 


Nominal 

Size 

Outside 

Diameter 

Inside 

Diameter 

WdU 

Thickness 

Pound per 

Lineal root 

Vi Inch 

0 625 Inch 

0 569 Inch 

0 028 Inch 

0 203 Lbn 

Va “ 

0 875 “ 

0 811 “ 

0 032 “ 

0 328 ' 

I 

I 125 " 

1 055 " 

0 035 “ 

0 464 “ 

IJ/4 •• 

1 375 “ 

I 291 " 

0 042 “ 

0 681 “ 

Wl “ 

1 625 " 

1 527 * 

0 049 “ 

0 940 " 

2 “ 

2 125 " 

2 009 " 

0 058 •* 

1 46 “ 

21/2 “ 

2 625 *• 

2 495 “ 

0 065 “ 

2 03 '• 

3 “ 

3 125 *• 

2 981 “ 

0 072 “ 

2 68 •• 

3^/2 “ 

3 625 “ 

3 459 " 

0 083 “ 

3 58 *• 

4 " 

4 125 

3 935 “ 

0 095 '* 

4 66 “ 
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Pipe and Tube (Flexible) 


Chicago Metal Hose Corporation 

(formerly Chicago Tubii^ & Braiding Co.) 

Exclusive Manufacturers of 

REX-WELD \1BRATI0N ABSORBERS 

For Air Conditioning and Refrigerating Machinery 


Ma 3 nyood (Chicago Suburb) Illinois 




Effectively Eliminates Vibration — 
Dampens Compressor Noises 

These units consist of sections of REX-WELD Flexible 
Bronze Tubing to which are brazed couplings to fit 
standard copper water tubing The unique patented 
welding process by which the tubing is formed produces 
walls of uniform thickness — and therefore of great 
strength and flexibility A special bronze alloy of non- 
porous structure, and practically immune to crystal- 
lization, is used — the ideal combination for absorber 
ser\ ice After exhaustive tests, REX- WELD Vibration 
Absorbers have been adopted by leading producers of 
air-conditioning equipment Submit specifications for 
prices 

Recommended Lengths for 
Standard Installations 

To avoid whipping action, vnbration absorber units 
must be definitely limited in length, not exceeding the 
maximum given below 

1 D of Tubing Length of Tubing 

in to 1 in , inclusive 10 in 

II4 in to 1} 2 in 7 inclusive 12 m 

2 in to 3 in , inclusiv’^e 10 m 



wjts 12 IS, 24 , 
jn Vi 4^ and hit inches, 
othei sizts made tootdtr 


REX-WELD Flexible, All-Metal Charging Lines 



Leakproof — ^Non-Corrosive — ^Non-Crystallizing 

Absolutely safe — withstands pressures up to 2000 lb, far in excess 
of w orking requirements Will giv e longer service and stand great 
abuse No rubber or other material subiect to deterioration is 
used m construction Light, flexible and extraordinarily strong 
Made from m REX- WELD Flexible Bronze Tubing and 
furnished with ^ib-20 S A E male or female couplings - -or with 
41*2 m copper tube extension with swivel female couplings on 
both ends For ammonia service, REX-WELD Steel Tubing 
vMth steel couplings is supplied, suitable for operating pressures 
up to 6000 lb per sq in 
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Pipe and Fittings 


Arthur Harris & Co. 

210-218 N Aberdeen (formerly Curtis) Street Chicago, III. 

ENGINEERS — FABRICATORS OF NON- 
FERROUS METALS AND STAINLESS STEEL 


Products 

Apparatus for Brewers, Distillers, 
Paper Mills, Soap Plants, Pharma- 
ceutical Manufacturers, Dyers, and 
Manufacturers of Grain and Wood 
Alcohol, Acetic Acid, Lacquer, Vine- 


gar, Tan Liquor Extract, Malted 
Foods, Milk Products, Sugar, Meat 
Extracts, Confectionery, Glycerine, 
Glucose, Preserved Fruits, Cider, 
Gelatine, Glue, Varnish, Turpentine, 
etc. Bulletin on request. 


in 

Bends 

We make bends in every’ shape from all sizes of pipe and tubing Standard or special 
connections Copper, brass, aluminum, stainless steel, monel, tin and nickel U-bends 
for storage water heaters 

Also special pipe work lor industrial installations, plumbing, heating and brewing 
Perforated pipe, double pipe coolers, etc 



We have special equipment for making coils in all shapes and 
sizes from pipe or tubing — copper, brass, aluminum, stainless 
steel, monel, block tin and pure nickel Standard or special 
fittings Send sketch, blue-prmt or old coil 


Copper Expansion Joints 

For low pressure and vacuum Made in 
two styles — convex and concave Si/es 
4 in to 60 m diameter. Cast iron or steel 
flanges Flanges drilled to American 
standard unless otherwise ordered 





Made of copper, plain steel, stainless 
steel, aluminum, brass, monel and puie 
nickel For open tank and all pressures 
Seamless copper ball floats earned in 
stock in diameters of 4 in , 5 in , 6 in , 
7 in , 8 in , 10 in and 12 in ami for open 
tank and pressures of 25, 50, 100 and 
150 lbs Special sizes and pressures made 
to order Float catalog sent on request 


Metals Fabricated 


Aluminum, Block Tin, Brass, Bronze, Copper, Everdur, Monel, Nickel and Stainless Steel. 
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Pipe and Fittings (Copper) 


Mueller Brass Co. 


Port Huron, Mich. 


A.LBANY, N Y 
\TLAN'T\, G\ 
Birmingham, Al\ 
Boston, Mass 
Buffalo, N Y 
Chicago, III 
Cincinnati, Ohio 
Cleveland, Ohio 


Branch Offices and Representatives in Principal Cities 


St Lolis Mo 
Dallas. Texas 
Dayton. Ohio 
Denver, Colo 
Detroit Mich 
Flandreau, S D 
Flint, Mich 


Harrisburg, Pa 
Indianapolis, Ind 
Kansas City, Mo 
Lansing, Mich 
Los Angeles. Calif 
Milwaukee. Wis 
Minneapolis. Minn 


Newark, N J 
Philadelphia, Pa 
N S Pittsburgh, Pa 
Rochester, N Y 
San Francisco, Cai if 
Sarasota, Fla 
Seattle. Wash 
Washington, D C 


rAtiftdian Sales and Manufacturer 


Canada Wire and Cable Co . Ltd . Toronto, Canada 


Mexico 

George F Gilfriv, Edificio “La Nacional," Mexico, D F 


PRODUCTS— STREAMLINE Copper Pipe and Seamless Tubes; STREAMLINE 
Hard Copper Pipe and Solder Fittings; Valves, Flared and STREAMLINE 
Solder Fittings for Mechanical Refrigeration; Forgings of Brass, Bronze and 
Copper; Castings of Brass and Bronze; Rod; Screw Machine Products; Fabri- 
cated Parts and Special Nickel and Chromium Plated Parts. 




Coupling Copper to Copper 


Copper to Outside IPS 



45 Deg ElboiV 


Streamline Copper Pipe and Fittings for heating, plumbing, air conditioning and 
industrial use are made by the Streamline Pipe \nd Fittings Division, Mueller Brass 
Co , Port Huron, Mich 

The Streamline Solder Fitting is the original solder type fitting, introduced and 
manufactured by the Mueller Brass Co of Port Huron, IVIich It incorporates many 
advantageous features and has proved to be the revolutionary advance of the age in the 
development of piping systems for plumbing and heating and for many industrial uses 

The Streamline Solder Fitting is not connected either by threading or flaring, but by 
soldenng The outside surface 01 the copper pipe and the inner surface of the Stream- 
line fitting are cleaned with sandcloth, and solder flux is then applied to the cleaned 
surfaces to eliminate oxidation when the assembled joint is heated The joint is then 
sufficiently heated with a blow or acetylene torch and the soldering operation is per- 
formed by feeding wire or stick solder through the feed hole m the fitting 

The Streamline Solder Fitting alone has the solder feed hole, groove and taper The 
solder feed hole, through which the solder is introduced, enters directly into an internal 
feed channel The feed channel is located equidistantly between the internal shoulder 
against which the pipe rests and the outer edge of the fitting When solder is introduced 
It IS distributed by capillarity from the feed channel and distributed evenly and thoroughly 
between the bonding surfaces, traveling inward to the shoulder and outward to the edge 
of the fitting where it appears as a continuous solder ring around the lull circumference 
of the pipe. This ring, and feed hole completely filled with solder, constitute positive 
proof to the operator that the joint is permanently leak-proof An actual pressure test 
is not necessar>^ 
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Pipe and FUtings (Copper) 


Streamline Pipe and Fittings Division 

MUELLER BRASS CO. 

Port Huron, Mich. 


Patenfcb 17708)2, 1770 ">(i2 



Copper to Inside I P,S 


The tapered ends, since they are the thinner sections of the fitting, hasten the cooling 
of the solder at these points and facilitate the completion of the joint 

The solder may be fed from any position, whether the feed hole is located at the top, 
side or bottom Owing to the never failing phenomena of capillarity, the solder will 
flow up, doTO or laterally with equal facility 

j, Copper Pipe is a seamless cold drawn copper tubing conforming to 

A ST M h 88-33 For most piping purposes, hard drawn pipe is used though annealed 
material is supplied where bends are to be made Three weights of Streamline Copper 
Pipe, Govt. Types K, L and M, are made in all sizes, and an additional lighter weight 
IS made in sizes 3 in and larger The latter is used mainly by the paper industry for 
pressures not over 125 Ib 

This range of weights permits its use for water or air pressures up to 400 lb 

Streamline Solder Fittings are lurnishcd in si/es from i \ m to 12 in inclusive with 
a full range ol reducing sizes 

F ittings above 6 in are flanged and may be had with either .4 5 -4 or nvetted pipe 
standard flanges Mating flanges are soldered to the pipe 

The Streamline Solder Fitting permits the use ot thin-walleil copper pipe and phiccs 
a non-rusting, non-clogging piping system within the reach ol the ordinary inveslor 
vibration is not localized at the loints, but is harmlessly dissipated throughout the 
system Copper Pipe has the property ol transferring the heated element (steam or hot 
water) trom the point ol generation (boiler) to the ladialors (|uicldy ancl wilh bliehl 
temperature drop 

Dicing the last five years architects and engineers have used Streamline Copper Pipe 
and Fittings successfully in every type of building construction and in thousands of 
installations throughout the United States and Canada. 

In addition to its rust, clog and vibration-proof qualities and long life. Streamline 
has many other advantages such as the reduction in size of pipe lines and radiator con- 
nections from those nominally used, a neat, compact installation requiring a minimum of 
space and important advantages in industrial and drainage applications There is a 
Streamline product for every piping requirement 
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Pipe and Tube 


Jones & Laughlin Steel Corporation 

AMERICAN IRON AND STEEL WORKS 

Jones & Laughlin Building, Pittsburgh, Pa. 


WELDED AND SEAMLESS STEEL TUBULAR PRODUCTS 


J & L Welded Pipe 

Jones & Laughlin manufactures 
Standard Weight, Extra Strong, and 
Double Extra Strong Welded Pipe, 

Black and Galvanized, for steam, 
gas, air, w’ater, refrigeration and 
Minnkler work. Sizes J-l in. to 16 in 
0 D inclusive 

J & L Copper-beanng Steel Pipe, when 
sp^ified, can be supplied in standard 
weight, or extra strong, black or gal- 
vanized. Use of this product is recom- 
mended for long life, where piping is to be 
exposed to the atmosphere or other 
alternate wet and dry conditions 

Jones & Laughlin Steel Pipe is made of 
soft, vreldable steel rolled from solid 
mgots made to a special analysis which, 
checked over a period of years, has proved 
to be very uniform in quality The steel 
pipe produced from this special grade of 
J & L Steel IS soft and ductile, free cutting, 
strong at the wields, and free from excess 
scale. J & L Pipe is commercially straight 
and free from blisters, cracks or other 
injurious defects and is well within the 
allowable tolerances as to dimensions and 
weights, and true to round in the outside 
diameter 

Careful attention is given the threading 
of the pipe w’lth good clean-cut threads 
fitted with sound couplings correctly tap- 
ped to give a tight joint Soft, ductile steel 
of free cutting quality enables the con- 
tractor to cut clean, sound threads on 
the job 

The Jones & Laughlin process of gal- 
vanizing assures a thorough coating and 
insures against pipe being clogged with 
spelter The surface of the pipe is care- 
fully cleaned so that when the galvanized 
coating is applied it adheres strongly and 
does not tend to fiake off 

J & L Seamless Pipe 

J & L Seamless Pipe is made m three 
weights; standard, extra strong and 
double extra strong Sizes* J^in nominal 
to 14 in O.D inclusive. 

J & L Seamless Stc^ Pipe is pierced 
from a solid billet — ^there are no welds 
The result is dependable and uniform wall 
strength The method of manufacture, 
and the use of only specially sdected steel, 




assure exceptional ductility, a quali- 
ty that is essential to successful 
coiling and bending, and flanging 
for Van Stone joints 
J & L Seamless Pipe can be 
used with full satisfaction in either 
threaded joint or completely welded 
installations Ductility, strength and 
safety — highly developed attributes of 
J & L S^mless — make this product es- 
pecially adaptable for air, steam, gas and 
gasoline lines, boilers, refineries, dry kilns, 
refngerating systems and other exacting 
applications 

J & L Hot Rolled Seamless 
Steel Boiler Tubes 

J & L Seamless Boiler Tubes are manu- 
factured in accordance with the A S ME 
Boiler Code and comply with the A S TM 
Speafications and the rules and regulations 
of the Bureau of Navigation and Steam- 
boat Inspection of the U. S. Department 
of Commerce They are supplied in a full 
range of standard sizes, from 1 in O D 
to 6 in O D. inclusive 

The process by which Jones & Laughlin 
manufactures seamless boiler tubes ^ is 
largely responsible for the unusually high 
ductility of the product. It is a process in 
which a forging action is predominant. 
This forging action gives to the steel the 
greater density and higher ductility that 
may be expected of any forging operation 
It makes it stronger yet more pliable and, 
therefore, more easily formed in its cold 
state Forging also effectively eliminates 
any such imperfections as air holes or blow 
holes that may be present in the steel 

Inspection of this product begins with 
the careful selection of the steel for the 
billets and continues without interruption 
through every stage of manufacture. It is 
your assurance of receiving only the very 
finest boiler tubes that can be manu- 
factured 

Other J & L Tubular Products 

J & L also manufactures Reamed and 
Drifted Pipe in sizes 1 in to 6 m. inclusive. 
Dry Kiln Pipe, Pipe for Refrigeration 
Service, Water Well and Irrigation Casing, 
Line Pipe and a complete line of Oil 
Country Tubular Products in welded and 
seamless 
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Pipe and Sheds 


Republic Steel Corporation 


General Offices 



Cleveland, Ohio 


Alba.n\, N Y 
Birmingham, Ala 
Boston, Mass 
Buffalo, N Y 
Chicago, III 
Cincinnati, Ohio 
Cleveland, Ohio 
Denver, Colo 


District 

Detroit, Mich 
Grand Rapids, Mich 
Houston, Texas 
Indianapolis, Ind 
Kansas City, Mo 
Los Angeles, Calif 

General Export Dept. 


Offices 

Milwaukee, Wis 
N bw York, N Y 
Philadelphia, Pa 
Pittsburgh Pa 
Salt Lake City, Utah 
San Francisco, Calif 

New York City 


Seattle, Wash 
St Louis, Mo 
St Paul, Minn 
Toledo, Ohio 
Tulsa, Okla 
Washington, D C 
YouNc.srowN, Ohio 


What Is Toncan Iron ? 

Toncan Iron is a highly 
refined open-hearth iron 
with which IS alloyed the 
correct proportion of cop- 
per and molybdenum As 
such, It possesses the 
maximum rust-resistance of any ferrous 
matenal in its price class 

Thousands of rigid tests and the per- 
formance of untold tons of Toncan Iron in 
actual service point to the greater economy 
m the heating and ventilating systems of 
which the sheet metal and pipe are Toncan 
Iron 

Advantages of Toncan Iron 

(1) It resists to a higher degree more of 
the many and varied types of corrosion 
than other ferrous nidterial in its puce 
class This resistance is not confined to 
the surface or “skin” of the metal, but is 
uniform throughout 

(2) It combines the high rust-resistance 
of an alloy iron with many of the desirable 
physical qualities of less resistant ferrous 
materials 

(3) It IS one of the most workable of 
matenals Sheets form easily Pipe may 
be handled like any iron 

(4) Unlike other ferrous materials, cold 
working — cutting, bending, punching, 
threading, etc — does not materially affect 
the rust-resistance of Toncan Iron 

(6) It welds easily by any of the usually 
accepted modern methods The use of 
Toncan Iron welding rod insures an instal- 
lation of equal rust- and corrosion-resis- 
tance throughout. 

(6) A uniform and tightly adherent 
galvanized coating can be applied, thus 
adding the protection of a heavy coating of 
zinc to the already high rust-resistance of 
the base metal itself 

(7) Through its longer, trouble-free life, 
it has been found to cost far less per year 
of service^ Its use is more than an econo- 
my. ^ It is insurance against early sheet 
and pipe failures and costly replacements 


Toncan Iron Sheets 
Toncan Iron is available 
in various sheet forms 
Plain sheets may be had 
black or galvanized, m 
^uge nos 8 to 28, widths 
from 24 to 50 in , and 
lengths from 10 to 13 ft , 
depending upon gauge and width The 
Toncan Iron trade mark is stenciled in 
two or three places on every sheet 

Toncan Iron Pipe 
Toncan Iron Pipe is available in 
standard and extra heavy weights, black 
or galvanized, in sizes from J<f-inch to 
16-inch 0 D All Toncan Iron Pipe, 2-mch 
and larger, is electric resistance welded, 
and combines the foregoing advantages of 
Toncan Iron with the advantages of 
Republic's electric welding process — 100 
per cent weld, perfect roundness, uniform 
diameter and wall thickness, and freedom 
from scale Toncan Iron Pipe, “black” 
finish, is painted blue, galvanized finish is 
marked with two blue stripes Couplings 
are stamped TM 

Source of Supply 

Toncan Iron Sheets and Pipe are 
stocked by jobbers in all large aties, lead- 
ing contractors everywhere use Toncan 
Iron and are glad to supply it where 
specified. If, for any reason, you cannot 
obtain Toncan Iron, write to Republic's 
nearest sales office 

Literature 

Two interesting books, “The Path to 
Permanence” on Toncan Iron Sheets and 
“Pipe for Permanence” on Toncan Iron 
Pipe, will bring you the complete story. 
Write for either or both books. 

Other Republic Products 
Republic Steel Corporation manufac- 
tures hundreds of iron, steel and alloy 
products, among which of interest to 
heating and ventilating engineers are 
Enduro Stainless Steel m sheets and other 
usual forms, steel pipe, steel sheets, and 
steel or Toncan Iron boiler tubes 
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Pipe and Tube 


Revere Copper and Brass Incorporated 

Executive Office 230 Park Avenue, New York City 

MILLS— Baltimore, Md . Taunton, Mass , New Bedford, Mass 
Rome, N Y , Detroit. Mich , Chicago, III 


SALES OFFICES— Boston. Mass , Providence. R I , Philadelphia. Pa . Atlanta. 
Ga, New Orleans, La, New York. N Y . Pittsburgh, Pa , Cleveland. Ohio, 
Cincinnati, Ohio, Grand R^ids, Mich, Milwaukee, Wise, St Loui^ Mo , 
Minneapolis, Minn , Dallas, Texas, Seattle, Wash , San Francisco, Calif , 
Los Angeles, Calif. 


REVERE COPPER WATER TUBE 


Revere Copper Water Tube is recom- 
mended for heating lines, refrigerant lines, 
heat control lines and for other heating and 
ventilating piping This tube is seamless, 
99 9 per cent pure copper, completely 
deoxidized, with a g^n-barrel finish inside. 

It IS furnished in three types known as 
*‘K,” “L,” and “M,” which meet Govern- 
ment and A S T M. specifications. In 
general the Type “K” is used where cor- 
rosive conditions are severe, and types "L” 
and “M’* where these conditions are 
normal For most heating work, Types 
“L" and are satisfactory. 

Types “K” and ‘*L” are furnished in 
both hard and soft tempers, Type “M in 
hard temper only The hard temper is 
used for new and exposed work; the soft 
temper for hidden replacement work and 
where flexibility is essential 
(A 40 page hand book on Revere Copper 
Water Tube will be sent on request ) 
Fittings — ^This tube is joined with 
Streamline soldered fittings or with suiy 
standard make of compression fittings 
Thus, threading is eliminated and metal 
m S P.S. pipe used only for cutting threads 
is saved. The wall thickness of Revere 
Copper Water Tube is uniform throughout 
and the joints are leak-proof, \ibration- 
proof and stronger than the tulje itself 
The Streamline fitting is so made that 
friction IS reduced to a minimum 
Advantages of Revere Copper Water 
Tube — In brief these are as follows* 

1 . Revere Copper Water T ube has many 
installation advantages With Streamline 
Fittings ir can be installed in a minimum of 
space The sott temper tube can be bent 
where needed, as for example, around 
spandrel beams This saves installation 
time and eliminates fittings Furring is 
greatly reduced Joints may be easily 
disassembled 

2. Revere Copper Water Tube cannot 
rust, so that it is not necessary to install 
OAersize pipe It is recommended par- 
ticularly for steam return lines w’here the 
greatest amount of corrosion takes place 

3. In forced circulation hot water 
heating systems, where small pipe sizes are 
used, Copper Water Tube can be installed 
at prices that are competitive with iron or 


steel The range ot sizes is such that a 
balanced system can be designed using 
minimum pipe sizes 

4. In general pipe covering can be one 
size smaller with Copper Water Tube than 
for the same size IPS pipe because of the 
smaller outside diameter of the tube It 
can also be light m weight just heavy 
enough to prevent convection losses 

5. Because ot its flexibility and the 
ingenuity with which Copper Water Tube 
can be joined with Streamline Soldered 
Fittings, this tube is recommended for all 
sorts of special hook-ups 

To Heating and Air Conditioning 
Manufacturers — Revere Engineers are 
anxious to cooperate with manufacturers 
of heating and air conditioning equipment 
and to make recommendations with refer- 
ence to the use of non-ferrous products 


Revere Copper Water Tube 
STANDARD DIMENSIONS AND WEIGHTS 


Size 

TYPEK 

TYPE L 

TYPE M 

in 

OD 

WaU 

Wt 

WaU 

Wt 

Wall 

Wt 

In 

in 

Thick- 

Lbs 

Thick' 

Lbs 

Thick- 

Lbs 


In 

ness 

per Ft 

ness 

per Ft 

ness 

per Ft 



In 

In. 

In 

Vs 

500 

049 

.269 

035 

198 

025 

.144 


625 

049 

.344 

040 

285 

028 

203 


.750 

049 

418 

042 

362 



% 

.875 

065 

641 

045 

455 

032 

328 

1 

1 125 

065 

839 

050 

655 

035 

464 

m 

I 375 

065 

1 040 

055 

884 

042 

681 

Wi 

1 625 

072 

1 360 

060 

1 140 

049 

940 

2 

2 125 

.083 

2 060 

070 

1 750 

058 

1 460 

m 

2 625 

095 

2 920 

.080 

2 480 

065 

2 030 

3 

3 125 

.109 

4 000 

090 

3 330 

.072 

2 680 

3Vi 

3 625 

120 

5 120 

.100 

4 290 

083 

3 580 

4 

4 125 

134 

6 510 

110 

5 380 

095 

4 660 

5 

5 125 

.160 

9 670 

125 

7 610 

109 

6 660 

6 

6 125 

192 

13 870 

140 

10 200 

122 

8.910 

8 

8 125 

271 

25 900 

200 

19 290 

170 

16 460 


Recommended Operating Pressures 

Type K — Hard Temper up to 400 pounds 

Type K — Soft Temper up to 2S0 pounds 

Type L — Hard Temper up to 2 SO jiouuds 

Type L — Soft Temper up to ISO pounds 

Type M— Hard Temper up to 2S0 pounds 

Tempers and Lengths 

Type K — Hard and Soft Temper m straight 21) ft lengths 
T 3 ^ L — Sott Temper m 30 ft, 45 ft, and 60 ft coilh 
Type M — Hard Temper in straight 20 ft lengths 
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Pipe and Tube (Copper) 


Wolverine Tube Company 

SEAMLESS COPPER, BRASS AND ALUMINUM 

Main Office and Mill’ 1411 Central Avenue, Detroit, Mich. 


A.TL4.NTA, Ga 

Baltimore, Md 
Boston (ChablbiStown) 
Buffalo, N Y 
Chicago, 111 
Cleveland, Ohio 
Dallas, Tl^as 
Dayton, Ohio 
Denver, Colo 
Long Island Citv , N ^ 
Los A-ngblcs, Calif 
Louisville, Ky 
Milwaukee, Wis 
Minneapolis, Minn 


Nfw York Om'icii 
Sales 

411 CkorKu Savhirs Bank Bldg 
108 HoArat Tower Bldg 
Mass 410 Rutherford Vve 
C’ourt Aud Wilkeson 
129 S Jefferson St 
1740 Kjat 12th St 
1916 Young St 
Route No 9 
1210 CAlitornu St 
2V10 44th Road 
101 S Boat 16th St 
429 W Mam St 
647 W Virginia St 
S29S Seventh St 


420 Ix?\inf?ton \venue 
Offices 

Newark, N J 
Philadelphia, Pa 

PiTTfaDUUOH Pv 
PoKPLlND Ollh 
Richmond, Va 
St Louis, Mo 
San Pranuimo, Cald 
Seattle Wash 
Wabiiin&ton, D (’ 

Tohonpo, Onp 
Winnipeg, Man 

EXPORT H M Robins Co , 


965 Brood kSt 
in North 12th St 
1228 Brighton Rd , N S 
521 N W 14th Ave 
Mutual Bldg 
4067 Park \ve 
7 Front St 
1005 E Pike St 

1108 loth St 
20 Bevci ley St 
80 Lomkird St 

120M.Mlison Ave , 

D«‘troil IT S \ 


DEOXIDIZED COPPER 
WATER TUBE 

Copper with a purity of not less than 
99 9 per cent is used in the manufacture ot 
Wolverine Copper Water Tubing The 
use of pure copper and the extreme care 
followed m the process of manufacture 
accounts for the uniformity in quality, the 
resistance to corrosion, and the widespread 
use of Wolverine Copper Water Tubing 
The mirror-like inside surface refuses to 
collect scale or sediment The ductility 
of Wolverine Copper Water Tubing permits 
repeated freezing before it will burst The 
ease of installation when using Wolverine 
Copper Water Tubing with compression or 
sweat fittings is due to the close tolerances 
to which the tube is held 

Resistance to rust and corrosion permits 
the use of smaller lines when Wolverine 
Copper Water Tubing is specified instead 
of metals that rust 

Wolverine Deoxicli/ed Copper Water 
Tubing IS made to U S Government 
WW-T-799 and A.S.T.M, B 8S-33 Speci- 
fications under the regular types K, 
L, and M 

Government Type K, 
A.S.T.M. Class K 

Recommended for Air Conditioning, 
Refrigeration, Oil Burner, and Plumbing 
and Heating installations Also for (.ias, 
Steam, Oil Lines, and industrial uses and 
where water conditions are severe 
Wolverine Type K for Air Conditioning 
and Refrigeration fits any standard sweat 
fitting on the market 
Sizes up to 2 in approved by Under- 
writers’ Laboratory 

Furnished in hard or soft temper in 
straight 20 ft lengths, soft temper in 30, 
45 and 60 ft coils 


Government Type L, 
A.S.T.M. Glass L 

For Oil Burner, Air Conditioning, 
Refrigeration, and general plumbing uses. 
Suitable for normal water conditions 
Furnished in hard or soft temper m 
straight 20 ft lengths, solt temper in 30, 
45 and 60 ft coils 

Government Type M, 
A.S.T.M. Glass M 

Suitable for Air Conditioning and 
Relrigeration installations and for interior 
plumbing and heating purposes 
F'urnished m hard temper m straight 
20 It lengths only 

For use with soldered fittings only 

FABRICATED TUBING 
Wolverine offers a complete and com- 
petent fabrication service for tube parts 
This includes bending, flaring, swaging, 
brazing, etc. Every operation is held 
rigidly to size and specification 

DEHYDRATED REFRIGERATION 
TUBING 

Wolverine Dehydrated Soft Copper 
Refrigeration Tubing is guaranteed to 
meet A.S.T.M. Specification B 6S-33 
The ends of each coil of Dehydrated Refrig- 
eration Tubing are solder-scaled and 
crimped in the lorm of Wolverine “W” 
Wolverine Relrigeration Tubing, in 
securely wrapped coils, is now available 
This spiral crepe paper wrapping protects 
the coil against atmospheric contact, dirt 
and other foreign matter It keeps the 
tubing absolutely clean until ready for use 
and It gives the service man a compact 
package to save room in his kit 

Your local relrigeration jobber can 
supply you with any (juantity or size of 
Wolverine Tubing Large stocks earned 
in the mill at all tunes for prompt ship- 
ment 
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International Heating & Ventilating Exposition 

THE AIR CONDITIONING EXPOSITION 

Pennanent Address — Grand Central Palace, New York, N. Y. 


EXPOSITIONS HELD 

The first in Philadelphia, 1930 
The second in Cle\ eland, 1932 
The third in New York, 1934 
The fourth Exposition in Chicago, 1936 
The fifth in New York, January 24-28, 
1938 

Subsequent Expositions will be held on 
alternate, even numbered years 

These are held coincident with the 
Annual Meeting of the American Society 
OF Heating and \’entilating Engineers 
and are directed by the International 
Exposition Company, under the auspices 
of the A S H V E 

EXHIBITORS 

Comprise leading firms in each phase of 
the industry number has vaned from 150 
to 304 exhibitors 

EXHIBITS 

These range from and comprise all the 
types of articles discussed or advertised in 
this copy of The A S H V E Guide 

1 The Combustion Group 
Furnaces, burners (oil and gas), grates, 
stokers, boilers, radiators (various 
types), refractones and auxilianes 

2 The Hydraulic Group 

Water feeders, water heaters, pumps, 
traps, \'alves, piping, fittings, expan- 
sion joints, pipe hangers, etc 

3 The Steam Heating Group 

Vapor heating and steam specialties 

4 Hot Water Heating Group 

5 Air Group Warm Air furnaces and 
stoves, registers and gnlles, cooling 
towers, air filters, motors, fans, 
blowers, conditioning equipment, venti- 
lators (room and industrial types), 
unit heaters, etc 

6 Control Group' Instruments of pre- 
cision for indicating, controlling or re- 
cording temperature, pressure, volume, 
time, flow^ draft or any other function 
to be measured 

7 Refrigerating Compressors, con- 
densers, cooling apparatus, contingent 
apparatus and refrigerants for homes, 
factories, railroads, etc 

8 Central Heating Apparatus and 
materials especially designed or adap- 
ted to the use of central heating and 
central heating station supplies 

9 Insulating Structural insulators (re- 
fractory and cellulose materials), 


asbestos, magnesia clays and com- 
binations thereof, pipe and conduit 
covering, etc , w'cal her-stnpping, etc 

10 The Miscellaneous Group 
Electric Heaters, boiler and pipe repair 
alloys, liquids and compounds, etc , 
which are not included above 

11 Machinery and General Equip- 
ment 

12 Air Conditioning Group Equip- 
ment which circulates and filters the 
air, and m summer dehuinidifies and 
cools, in winter heats and humidifies, 
and does all these in proper season for 
complete, all year round air con- 
ditioning 

VISITOR ATTENDANCE 
Comprises a registered attendance in- 
vited to the exposition and includes 
(Figures are 1934 analysis) 


Industries 

Governmental 186 

Dtstrtbuitonal Channeh 
Contractors, Dealers, Jobbers, Supply 
Houses, 32 classifications 5998 

Home Owners 414 

Industrial Users, 49 classifications 3428 

Professional and Service Organizations, 23 
classifications 2017 

Public Utthties 922 

Real Estate Management and Operation, 

10 classifications 945 

Educational Institutions 303 

Miscellaneous 1043 

Total 15 256 

Occupations 

Executive (44 titles) 7850 

Construction (16 titles and trades) 1022 

Operation (44 titles and trades) 2018 

Technical (64 titles) . 2144 

Not Classified including Educators, Pub- 
lishers, Home Owners, etc 2222 

Total . 15,256 


The registered attendance at the 1936 
Exposition in Chicago w'as 27,743 but the 
analysis ot industries and occupations has 
not been completed at the tune this goes 
to press These visitors came from 273 
cities and towns in 44 States of the United 
States and 35 cities and towns in 10 
foreign countries 

Industrial Expositions in America lead 
the expositions of the world in style, 
business effectiveness, industrial influence 
and educational value This Exposition 
stands among the leaders in Industrial 
Expositions in America It is an edu- 
cational institution which biennially brings 
together the research developments and 
improvements in equipment and materials 
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Publications 


American Society of Refrigerating Engineers 

37 West 39th Street, New York, N. Y. 


REFRIGERATING DATA BOOK 

T he '37- '38 Refrigerating Data Book, a 
one-volume encyclopedia contributed 
to by 73 refrigerating experts, achieves an 
excellence matched by few engineering or 
scientific books in any field Like its 
predecessors it contains all the funda- 
mental data available on the art of refriger- 
ation, with many additions in the light of 
recent researches Unlike some earlier 
editions it is, however, ai ranged to permit 
of use by the 
novice or stu- 
dent in re- 
frigeration, 
a n d a s a 
general refer- 
ance work 
This book 
contains 520 
pages of text 
plus a catalog 
section with 
vanous direc- 
tories and 
lists The 
technical 
contents are 
divided into 
four sections 
separated by 
section in- 
dices on coloied inserts for convenient 
reference The inside covers are likewise 
used for reference to the mam topics and 
the 33 chapters 

All phases of refngeiation in theory and 
practice, from small to large machinery, 
are covered in the Data Book, each part 
being written by a leading authority The 
applications include particularly several 
excellent chapters on all phases of air 
conditioning in design and layout, for 
large and small installations In hard 
leather binding, $4 00, express charges 
collect 

MEMBERSHIP ACTIVITIES 

I T is the policy of the A B RE to treat in 
its meetings current subjects touching 
upon all phases of the art of refrigeration 
Membership is in four grades with dues 
from 3»7 50 to $17 50 Sections hold 
meetings in the following cities Boston, 
New York, Philadelphia, Detroit, Chicago, 
Milwaukee, St Louis and Los Angeles 
The Society holds its 33rd Annual Meeting 
in 1937 


REFRIGERATING ENGINEERING 

R efrigerating Engineering in its 33rd 
volume continues to be the periodical 
source of authoritative information on all 
phases of the arts and sciences of refrig- 
eration In its most solid aspects it carries 
the Journal of the A S RE living record 
of the technical adv^ance of piactice and 
research in its field The larger poition of 
its pages IS, however, devoted to material 
of wider appeal, with original articles, none 
the less au- 
thoritative, 
but written 
in a journal- 
istic style to 
enable the 
readei to get 
the back- 
groun d of 
each subj*ect 
and an un- 
derstanding 
of it that will 
stick Refng* 
erating Engi- 
neering also 
prints news, 
features, 
wiite-ups of 
inteiesting 
personalities 
Refrigerating Engineering has long been 
unique m its field not alone for the origi- 
nality and authority of its contents, but 
for Its coverage of all phases of refrigera- 
tion both as to machinery and application 
problems The applications of this ait 
are, of course, very numerous 
The rate has been reduced to $4 for 
1937, the combination rate with the 
Refrigerating Data Book being $7 50 


CODES AND STANDARDS 

T he a S re has a number of technical 
codes in its series of Circulars. Recent 
additions include the code for testing and 
rating mechanical condensing units (No 
13, 15c) and the code for testing and rahng 
air conditioning equipment (No 14, 20c) 
Other current data Plant test code, cor- 
rosion prevention code, safety code, code 
for testing iced refrigerators Write foi 
free booklet Pointers to A uthors, including 
style sheet and directions for locating in- 
formation m refrigeration. 
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Publications 


American Ajrtisan 

Published by 

KEENEY PUBLISHING COMPANY 
6 North Michigan Avenue, Chicago, III. 


A merican 
ARTISAN, nou 
in its 58th year ot 
publication, co\ersthe 
field of ^arm air heat- 
ing, residential air con- 
ditioning, and sheet 
metal contracting A 
special section of each 
issue has been devoted 
to air conditioning 
since 1932, when it first 
became apparent that 
air conditioning lor 
homes w as to be along 
the lines of the central, 
forced warm air heat- 
ing s} stem 

^ Its readers are warm 
air heating and sheet 
metal contractors, 
dealers, jobbers and 
manufacturers, and also architects, engi- 
neers, and public utility companies who 
take it for its thorough co\erage of air 
conditioning for the home field 

To answer the Industrie’s need lor a 
dependable guide to equipment purchases, 
it publishes in each January issue a com- 
plete and up-to-the-minute directory of 
W'arm air heating, air conditioning and 
sheet metal products and equipment This 
director}’ lists all products used in the 
field, their trade names, and the full names 
and addresses of all manufacturers The 
January’ 1937 Directory’ Number, con- 
taining the Fifth Annual Director} , w’lll be 
used by readers as a buying reference 
throughout the year. 

Almost from the day interest in resi- 
dential air conditioning began to develop, 
the advantages of the warm air type of 
heating system, w’lth its duct distribution 
of air, were plain to see It w’as adapted 
to all air conditioning factors, either 
through a self-contained central unit or 
through a central furnace to which could 
be added step-by-step or as a w’hole, fan, 
W’asher, humidifier, filters, controls, cooling, 
and automatic firing 
Today, as a result of this ready adapta- 
bility as well as economy, tens of thousands 


ot homes ha\e winter 
air conditioning — sup- 
plied through forced 
waim air heating w’lth 
ciir cleaning and hu- 
midification Cooling 
appaiatus can be at- 
tached to these sys- 
tems readily whene\er 
complete, yeai -’round 
air conditioning is de- 
sired 

This trend m resi- 
dential air conditioning 
has placed a premium 
on air handling know- 
ledge, and has brought 
to the fore the one man 
expeiienced m ‘'treat- 
ing” air at a central 
place and getting it 
propcily distributed— 
the warm air heating and sheet metal con- 
tractor The warm air heating industry 
has, furtheimoie, undei taken and made 
notable progress toward the solution ol the 
man> new engineering prolilems involved 
All this has helped to put warm air heating 
in the center ot resident lal air ( onditionmg 
In aiding to develop this trend and 
assist in the solution ol new pioblems, 
AMERICAN ARTISAN has provided a 
serv’ice to its field which has made it the 
recognized authority on residential air 
conditioning practice 
To manufactuicrs whose jiroducts are 
used m residential air conditioning, 
AMERICAN ARTISAN oilers lull cover- 
age of the leading buying lactois Such 
manufacturers w ill be interested in obtain- 
ing acopyot “AMERICAN ARTISAN— 
Warm Air Heating, Residential Air Con- 
ditioning, Sheet Metal Contracting ” 
This study will be sent upon leciuest 
AMERICAN ARITSAN is published 
monthly It is a member ol the ABC 
and A B P 

Suhscriptioji rate^—m 00 per year, 00 
for two yearh in U S , Canada, Afexico, 
Central and South America Foreign 
S4 00 per year 

Advertmng rafeb furnished upon lequesf 
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Heating, Piping and Air Conditioning 

Published by 

KEENEY PUBLISHING COMPANY 
6 North Michigan Avenue, Chicago, 111. 


H eating, Piping 
AND Air Con- 
ditioning IS the pub- 
lication vihich carries 
in each issue the ofhcial 
Journal of ihii. 

American Socipt\ of 
Heating and Venti- 
LVTING Enginpers in 
addition to its own 

regular editorial sec- 

tion 

Its field is that ol 
industry and large 
buildings Editorially, 
it gives specialized at- 
tention to the design, 
installation, operation, 
and maintenance ol 
heating, piping, and 

air conditioning sys- 

tems in such plants 
and buildings 

In addition, there is pul)lishe(l in each 
January issue a complete Directoiy ol 
Commercial an<l Industrial Heating, Piping 
and Air Conditioning Equipment, which 
lists all products used m the field, their 
trade names, and the lull i names .ind 
addresses ol all manulaclureis This 

directory h«is been established «is the 
industry’s buying and specilying guide, 
and IS consulted by leaders throughout 
the year, whenever ef]iiipnient purchases 
are up for consideration 

II P & A C IS read by consulting 

engineers and architects contractors 
and engineers in charge ol heating, 
piping, and air conditioning in industrial 
plants, large commerc lal and public 
buildings, federal, state, and city govern- 
ments, school boards and public utilities 
Among its subscnbeis are numbered all 
members ol the A S H V E , w ho i epresent 
about 30 per cent ol its total circulation 
Such a coverage means, lor the adver- 
tiser, consideration at all points m the 
selling ol a heating, piping, or air con- 
ditioning product consideration m the 
selection of a product during the pre- 
paration of plans and specifications , con- 
sideration in the actual purchase of a 
product tor installation, consideration in 


the >ear ’round buying 
ol a product tor oper- 
ating and maintenance 
iec}uircnientb 

It has been evident 
tor some time that the 
air conditioning field is 
made up of two dis- 
tinct markets (1) In- 
dustiial and Commer- 
cial, (2) Residential 
These two maikets 
are different in ecjuip- 
ment used, dillerent 
in engineering prob- 
lems involved, dif- 
lerent in engineering, 
distributing, and con- 
suming pcrboiincl 
require, thercloie, dif- 
ferent selling jobs 
To sell the indus- 
trial and laigc building 
field lor air conditioning, the manulacturei 
must win acceptance Irom the engineers 
who design, speed y, install, opeiate, and 
select the system to meet the particular 
lequirements ol the plant or building The 
system may be central, unit, oi "split,” 
but it IS these engineers w'ho arc the in- 
fluencing or purchasing lactois 
It is to such groups that Hi-ming, 
Piping and Air Condhionini, editorially 
caters — exclusively in the industrial and 
large budding field Without w.iste, the 
manufacturer ol air conditioning products 
and accessory equipment, such as motors, 
drives, controls, etc , can reach through its 
pages those Irom whom he is seeking the 
necessary engineering acceptance 
These facts arc clearly outlined in a 
folder which will be sent to interested 
manufacturers — "Hfatinc., Pipinij and 
Air Condi honing — In Industiy and 
Large Buildings ” 

Heating, Pipingand Air Condi honing 
is a member ol the ABC and A B P 
Subscription rateh — per year, 00 
Jor two years in U S , Canada, Mexico, 
Central and South Amenta Foreign, 
00 per year 

Advertisins, lates jiumshed upon request. 



Heating-Piping 

^GHiditiMiing 
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1900 Prairie Avenue 

Chicago 



I N a normal period plumbing and heating 
represents a market which does an annual 
business far in excess of a billion dollars 
The first of the building industries to 
expenence a noticeable upturn in business, 
plumbing and heating had a two-year 
headway toward the return to normal 
Virtually every plumbing and heating con- 
f in the country has 

felt this business upswing in a substantial 
ineasure. W ith the existing housing 
shortage it is inevitable that their business 
will soon reach even higher peaks than 
tnose of previous normal years 
As the leading publication in this vast 
market, reaching more than 19,000 plumb- 
ing ^d heating men, Domeshc Engineennz 
has lent its untiring efforts, its invaluable 
resources to this vital cause, playing no 
minor roll in bnnging improved conditions 


to its industry When new construction 
was still at a low ebb, Domestic Engineering 
embarked on a planned program to 
stimulate business Two far-reaching, 
wndely followed F H A prize contests for 
plumbing and heating contractors fostered 
by Domeshc Engineering had the enthusi- 
astic support of the industry in general 
As this program continues manufacturers 
of plumbing and heating products, par- 
t^icularly those whose advertising messages 
have been appearing m Domeshc Engi- 
neering, are directly benefiting 
However, this in only one example of the 
^itorial leadership which has gained for 
Domestic Engineering recognition and 
prestige m the industry It is only one 
phase of the service which Domestic 
Engineering renders its industry. Through 
the Marketing and Research Bureau, a 
division of the Domeshc Engineering 
organization, the manufacturer is enabled 
to properly analyze his market and to 
judiciously plan his sales program. As an 
advertiser, a vanety of effective mailing 
service are at his disposal Through the 
facilities of Domeshc Engineering he is 
enabled to develop an efficient sales staff 
and to obtain distribution through whole- 
s^ers In short, Domestic Engineering 
offers him the means to market his product 
eff^tively, with a minimum expenditure 
For nearly a half century. Domestic 
Engineering has been a leader in every 
major movement in its field Throughout 
the^ years, it has been looked up to as an 
authority m its industry 
To reach and to sell this billion dollar 
market, every sound advertising program 
in the plumbing and heating field should 
unquestionably include Domestic Engi- 
neering Complete data concerning this 
publication and its market are thoroughly 
TOvered m “Selling the Plumbing and 
Heating Market ” Write for a copy 
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1900 Prairie Avenue 

Chicago 


A ttracted b> the great possibihtieb 
M^hich automatic heat and air con- 
ditioning opens up to them encouraged 
b> the tremendous public interest it has 
been accorded many ot the better, 
more aggressive specialty merchandisers 
from more than thirty other closely allied 
fields have entere<I this ever growing 
industry 

Previous to the establishment ot Auto- 
mahe Heat and Air Conditionings no single 
medium existed through which all of the 
men who comprise this group could be 
reached In order to reach all the factors 
concerned with the specification, sale, in- 
stallation or servicing of automatic heat 
and air conditioning equipment, it was 
necessary to use each of the various 
publications covering the many segments 
of the industry as a whole The expendi- 
ture thus involved w'as prohibitive and 
placed a heavy burden upon the ad- 
\ ertiser 

Now , at a cost that is extremely low m 
comparison, the advertiser may thoroughly 
blanket the entire automatic heat and air 
conditioning industry through just one 
publication Automatic Heat and Air 
Co7idntioning 

In Automatic Heat and Air Conditioning 
the manufacturer may reach the consulting 
engineers and architects who specify equip- 
ment for use in this field the dealers, 
distributors and wholesalers who sell it 
the manufacturers who make it . all of 
the men who constitute the $200,000,000 
automatic heat and air conditioning market 
and who have been increasing this market 
by 40 per cent each year even through 
lean years 

Because it prov ides them, every month, 
with a wealth of engineering and mer- 
chandising knowledge . knowledge which 
they may secure from no other single 
source, and without w'hich they could not 



hope to sell with any degree ol success in 
this highly technical field, these men find 
Automatic Heat and Air Conditioning an 
indispensable part of their daily tnismess 
lives 

In company with editorial material ol 
such high calibre and so utterly vital to the 
men in the field, the advertising message ot 
the manufacturer of automatic heat and 
air conditioning equipment is placed before 
its most responsive audience 

A complete marketing service is av'ail- 
able to sales and advertising executives 
who must sell the vast automatic heat and 
air conditioning market Write, on youi 
business letterhead, tor the latest copy ol 
the monthly bulletin “Current Conditions 
in the Automatic Heat and Air Con- 
ditioning Industry ” 
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OILHEAjfTNG/fr / 

AII^ON0ITJ»N1NG 

Tueiail 

JOURNAL 


Published ^lonthly at 
420 IVIadibon A\'enuc 

New York 


MARKiiT The oilheating market is an in- 
tegrated 4-\\a> market — oilburners, heat- 
ing, air-conditioning, tueloil The com- 
plete oilheating dealer sells all tour — a 
good oilburner. using good tueloil, firing a 
good heating or air-conditioning system 

From 1919 to 1930, the only oilheating 
product sold by burner dealers was the 
con\ersion oilburner In 1930 the sale ot 
conv ersion burners represented 77 3 per 
cent of the dealer’s gross income 

By 1936, the a\erage oilheating dealer 
got only 44 1 per cent of his gross income 
trom con\ ersion burners But, beginning 
in 1932, he has added three other maior 
oilheating lines heating (starting wnth 
boiler-burner units in 1932, now including 
all types of heating), tueloil, and winter 
air-conditioning 1936 gross dollar \ olume 
of the average dealer was divided Con- 
\ ersion burners, 44 1 per cent , boiler- 
burner units, 7 3 per cent, heating, 2»5 7 
per cent, fueloil, 16 8 per cent, winter air- 
conditionmg, 3 5 per cent , other, 2 6 
per cent 

In 1936, 23 3 per cent, or 45,691, con- 
version oilburners were sold with new 
cast-iron or steel boilers In addition, 
dealers sold 14,761 boiler-burner units 
Oilheating dealers did a total dollar 
\ olume in 1936 of $74,385,540 in heating, 
and ?slS,102,390 in winter air-conditioning 


SERVICES FOR ADVERTISERS 

The 1936 Key Market Study 
Oilheating & Air - conditioning 
Merchandising News 
Specific Product Reports 
Unit sales and brand preference 
summaries for many heating pro- 
ducts and installation matenals 


OILHEATINC; cS: AIR-CONDITION- 
I N(j Frh LoiL JouRN \L giv es cov erage ot 
this integrated 4-w^ay oilheating market 
It is the oldest paper in the field 
(established 1922) E(litorially% it has 
consistently' lostered every progressive 
development in the field and it has 
encouragetl the trend to the complete 
oilheating dealer 

Every issue is caret ully balanced edi- 
torially to cover the dealei’s need tor 
workable intormation on all lour sides ot 
his business 

Heating equipment manutacturervS have 
long known F um oil Journ \l as a powcr- 
tul sales aid Its reader interest is unuiue 
among trade papers 

ciRCUi \1H)N Like Its editorial content, 
the circulation of Kni-LoiL Journm, is 
carefully contiolled to give complete 
coverage ot this 4-way maiket A detailed 
break-clown Ironi the latest ciiculation 
statement (June 30, 1036) tollows 


Power oilburner clealcis and dis- 
tributors 

ICev heatini> Lontractois, iilutuiniiK .irnl 
heatmu contriu tors and ennini‘t rs 1 0") 1 
Fueloil distributors, sdliiiK tuidoil and 
ran^e oil, <ind braiiLlus !,().') { 

Ucessorj and lieatinu siipph dis- 
tnbutorb bSJ 


1 otal dealers and distributors 1 ">,7 i7 

Power oilburner manutattuiius and 
their executives o 1 1 

\ctessor\ manulactun. rs .tr»7 

Total manutactiirers SbS 

Total dealers and nunutactiuus, 

95 71 percent of toal t irc uKition 
Others, and miscellaneous 7-ll> 

Grand toLil 17,.JSl 


Fufloil Journ \l circulation covers the 
automatic heating field, and its rate per 
thousand readers is low' It will pay you 
to get lull details Write, wire, or tele- 
phone 
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HEATING 6-^ 
VENTILATING 

AIR CONDITIONING 

THE INDUSTRIAL PRESS . . . Publisher 
140-148 Lafayette St New York, N. Y. 


HI EAT INC. it 

VENTILATINC. 
reaches the “ke> 
men” of the in- 
dustry— the engi- 
neers, contractors 
and manufacturers 
who have the final 
word in the specific- 
ation, installation, 
production and 
maintenance of the 
mechanical equip- 
ment utilized in the 
heating, ventilating 
and air conditioning 
fields 

An editorial pro- 
gram of outstanding 
alertness and au- 
thority IS directed 



accurately charted 
Two pages ot refer- 
ence data appear m 
every issue Re- 
ports of meetings, 
the activities of 
manufacturers, ab- 
stracts ol current 
papers, books and 
pamphlets, and edi- 
torials on the plan- 
ning, installation 
and operation of 
heating, ventilating 
and air condition- 
ing systems in pub- 
lic buildings, offices, 
factories, schools, 
hospitals and homes 
are other contents 


by qualified heating and ventilating engi- 
neers Special sections ami timely leaturc 
articles arc included irom tunc to lime in 
line with the forward-looking jiolicy that 
has characten/ed the publication since its 
inception in 1904 News, ticnds, develop- 
ments, personalities" everj' side of this 
important industry is faithfully and 
authoritatively reported in this out- 
standing publication 

There is a regular section devoted to new 
equipment, profusely illustrated and com- 
prehensively reported Degree-days and 
unit fuel consumption for various large 
cities in the country has been a regular 
monthly feature ot the publication tor over 
eight years The weather in large cities 
in typical localities of the country is 


ot continuous interest 

Air conditioning, now coming into its 
own, has had a champion m HKATINCt 
ii. \'ENTILATIN( j since 10()4- w’hen, in its 
very first issue, an article on this then 
infant industry appeared Since that time, 
for more than thirty years, IIEATINO 

\ ENTILATINC* has consistently pub- 
lished the news and developments ot air 
conditioning up to its present high state of 
perfection and its pages have carried an 
imiiressive total ot editorial lineage on 
this subiect 

Subscriptions to TIEATINC', cS: X'ENTI- 
I.ATINf'i aie #2 00 a year Advertising 
rate cards, sample copies and market data 
will be gladly submitted on receipt ol 
application 
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Heating Journals, Inc. 

232 ]\Iadi&on Ave Lex. 2-4566 New York, N. Y. 

Chicago— 22S No LaSalle St , Randolph f)0S<j 
San Francisco— Don H\rwvy & Co , 155 Montgomery St , ICvbrook OOJO 
Los \ngeles— Don Ha.r\\ w & Co . 318 W Ninth St , Tucker h70«) 

Baltimore — Candler Bldg , Plaza 70l>5 


T he air conditioning 
equipment for the 
home IS being sold in- 
stalled and serviced m 
increasing volume by 
the group formerl> 
kno'wn as “oil burner 
men" — both manu- 
facturers and dealers 
The two basic 
reasons tor this are 
(a) the merchandising 
problem mvolved, (6) 
technical problems of 
installation and service 
Air conditioning 
equipment selling re- 
quires customer educa- 
tion and specialty merchandising tactics 
at ^hich the oil burner dealers hate been 
unusualh' successful for years It also 
requires figuring heating loads and knowl- 
edge ot firing equipment, automatic con- 
trols, etc . and the oil burner man has 
these, else he could not survive 

The air conditioning-oil burner men 
(manutacturers and dealers) are taking on 
other lorms of automatic firing equipment 
75 per cent ol the manufacturers are 



either producing or 
developing air con- 
ditioning equipment 
This paper with its 
large circulation among 
oil burner air con- 
ditioning men enjoys 
reader interest that is 
extremely keen, its 
editorial content is out- 
standing in the excel- 
lence ot its air con- 
ditioning articles, ad- 
\ertising rates arc 10 
percent lower than an> 
paper ot comparable 
circulation, its record 
ol producing results for 
advertisers is excellent In 1936 we 
earned 518 pages ol advertising and 175 
advertisers used our pages 
Available on request: Reprints of 
articles “How About Air Condition- 
ing?”; “Do you Know the Air Con- 
ditioning Market in Your Town?”, 
etc. For advertisers: Regularly is- 
sued free lists of dealers who want air 
conditioning equipment; other valu- 
able lists and services. 


P E F\NbL>a 
Editor 

G WlNKLUU 
Advertising Manager 


CIRCULATION 

Oil Burner and Other Air Conditioning Manufacturers 402 

Air Conditioning and Oil Burner Accessory Manufacturers _ 515 

Oil Burner and Air Conditioning Manufacturing E 3 recutive 8 180 

•“Prospective Dealers (Heating Contractors, Electrical and Refrigerator Dealers, Oil and 

Coal Dealers, etc ) (Rotational) 6,000 

Miscellaneous (Government Bureaus, Schools, Branch Offices, etc ) 87 

Oil Burner and Air Conditioning Dealers 12,190 


lOO^c handle oil burners 
48.8^^ or 5,953 handle wmter air cond eqpt 
36 2^c or 4,416 handle summer air cond, eqpt. 
33.1 or 4,038 handle complete air cond. eqpt 
22.2^c or 2,708 handle coal or oil 


61.0% or 7,441 handle furnaces 
69.2% or 8,442 handle boilers 
21.9% or 2,672 handle stokers 
26.6% or 3,245 handle gas burners 
38 0% or 4,636 not now selling air condition- 
ing but are * interested'' 
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Plumbing and Heating Trade Journal 

Published by 

PLUMBERS TRADE JOURNAL PUB. CO. 

515 Madison Ave , New York City 


P LUMBING and 
Heating Trade Journal is 
edited to furnish a well- 
rounded, efficient service 
to the men engaged in the 
plumbing, heating, venti- 
lating and air conditioning 
fields To this end, it 
covers both the technical 
and business phases ol 
their work, as well as 
many minor but exceed- 
ingly important ones 

It gives free technical 
service through a staff ol 
practical engineers, expert 
merchandising assistance, 
and Its technical and 
business articles are by men of recognized 
competence 

Thousands of readers come to THE 
JOURNAL each year for solutions to their 
technical problems and while some of the 
questions and answers are published in the 
Readers’ Technical Service section in each 
issue of the magazine, the vast maionty 
of them — having to do with practically 
every phase of heating, ventilating and air 
conditioning as well as ijlumbing — are 
answered by mail, because most of the 
requests for help are urgent and a delay 
in answering would, in some cases, entail 
actual monetary loss to the contractor 

The Readers' Technical Service Depart- 
ment of THE JOURNAL is staffed by 
editors wffio have spent their lives in the 
business, men who were successful plumb- 
ing, heating, ventilating and air con- 
ditioning engineers before they wrote a 
line for publication, and who now devote 
their entire time to keeping abreast of the 
field’s technical developments and using 
their knowledge and experience for the 
benefit of JOURNAL subscribers 

The technical service rendered its 
readers by THE JOURNAL is closely 
paralled by wffiat it strives to do for them 
in a business way, for it also publishes 


many authoritative 
articles on and answers 
questions concerning the 
various ramifications of 
business management and 
prints as part of every 
issue, a special sectioa 
devoted to selling 
One associate editor 
spends his entire time in 
the field writing articles 
on the business man- 
agement problems of 
JOURNAL readers, and 
the practical solution of 
those problems 
Supplementing the busi- 
ness and technical articles 
IS a large amount of exclusive, staff- 
gathered news that high-lights the back- 
ground of the trade’s activities 

This news background is vital It com- 
pletes the industrial picture for the reader. 
It keeps him in intimate touch with what 
the various important assoaations and his 
fellow members of the craft are doing 
throughout the nation and it charts the 
trends that are likely to have a very 
definite influence on the future operation 
of his business 

THE JOURNAL editorial department 
draws its news from over a hundred 
trained correspondents located at strategic 
points throughout the country — by far the 
largest group of exclusively editonal 
workers used by any paper in the industry. 

It is this combination of the technical, 
business and news aspects of the industry 
that enables THE JOURNAL to achieve 
a finely balanced magazine that gives the 
reader the type of information he wants 
and needs, in brief, compact, time-saving 
form. 

THE JOURNAL is a member of the 
ABC, and costs $2 00 per year by 
subscnption 
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Sheet Metal Worker 

45 West 45th Street 
New York 


S HEET METAL 
WORKER— estab- 
lished 1S74 — the oldest 
publication m its field 
— IS a monthh mer- 
chandising, business 
and technical journal 
basic to the use oi sheet 
metal in that it ser\es 
the \arious unified 
merchandising and in- 
stalling branches ol the 
industr\, consuming 
sheet metal lor the 
erection maintenance 
and operating equip- 
ment ot buildings 
Such equipment in- 
cludes central air conditioning equipment, 
arm-air heating, \entilation, dust and 
refuse removal and s\ stems tor handlm" 
materials b} air, kitchen and restaura.iT: 
w ork , a w ide variety ot interior and exterior 
sheet metal ^^ork for commercial, in- 
dustrial. institutional, residential and 
Federal buildings, etc 

Subscribers are mainly merchandising- 
contractors, purchasing practically all 
products and equipment which the> fabri- 
cate, erect or install Principal manu- 
facturers of heating and air conditioning 
equipment recei\e issues as advertisers or 
subscribers, leading jobbers also subscribe 



EDITORIAL 

S H l l 1 M K I \ I 
WoRKi^K is outstaiul- 
mu in editorial ser\ ice 
Its editoi IS an engi- 
neer who has been 
identitied with this 
journal since 1909 He 
served as Industiial 
AiKisor under NRA, 
chairman ol the Pub- 
lication Committee of 
the National Asi^ocia- 
tion ol Sheet Metal Con- 
traifois in chaige of 
producing the book, 
Standard Practice in 
Sheet Metal W ork, headed the commit- 
tee of the National Warm Air Heating and 
Air Conditioning, A si^oi lation delegated to 
publish the Digest ol Reseaich, CraMty 
Warm Air Heating, Engineering Exiieri- 
ment Station, Um\ersit\ ot Illinois 


ADVERTISING 

ShM' r Mktvl Worki'R has an eii\ i.ible 
lecord ot long-term aiKertismg Of the 
165 advertisers using space currently m 
1936, 41 per cent began from 25 to 62 


The market has three main sub-di\ isions 

(1) Equipment for resale in connec- 
tion wnth erection or installation 
work 

(2) Materials for fabrication 

(3) Shop equipment and supplies 

CIRCULATION 

Sheet Metal W^orker, has a total 
d^^nbution of 8000 monthly, and a paid of 
6750, largely in the upper 30 per cent class 
Its renewal rate has been above 70 per cent 
even in depression years Sworn figures, 
Januar>'-June, 1936, showed only 367 
copies going to manufacturers, jobbers, 
etc, the balance of 6449 reaching sheet 
metal, w’arm-air heating, \entilating, air 
conditioning, and roofing contractors 


years ago 

Recognition ot its position in the tabn- 
cating and installation market is indicated 
b} the fact that ot the 12 sheet steel com- 
panies ad\ertising nationall> to this field 
all are using Siii-et Mfivl W’orki'R, 
9 exclusneK Ot 32 equipment manu- 
facturers, 22 are exclusue aiKertisers 
Similar classifications are e(iii«dl> im- 
pressi\ e 

Sheet Mlt\l Worker is well (lualified 
to cooperate with manufacturers regaiding 
sales, merchandising and adveitismg pro- 
grams, and in\ ites consultation 

Annual subscription rates — J$2 00 per 
year. United States and Mexico, in 
Canada, $2 50, Foreign, $3 00 

Advertising Rates F urmshed on Request 
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American Steam Pump Company 

Plant and General Offices. Battle Creek, Michigan 


Dibbct Factory Branch 
17 Battert Place, New York Crri 


PRODUCTS AND 
SERVICE— This Com- 
pany, organized 1873, 
offers a complete line of 
centrifugal, steam and 
power driven pumps 
Your inquiry for de- 
scriptive bulletins or 
specific recommenda- 
tion IS invited 


REDI-VAC HEAT- 
ING PUMPS— An im- 
proved outfit. Removes 
air and condensation 
from return lines, dis- 
charging air to atmos- 
phere and water to 
boiler, both functions 
automatically con- 
trolled Bronze fitted 
throughout No close 
clearances to wear 
rapidly, or ‘^freeze up” 
dunng idle season — an 
important advantage 
over other types, 
practirally eliminating 
periodic service expense 


RECIPROCATING 
VACUUM HEATING 
PUMPS — Time-tested 
design and construction 
Standard equipment in- 
cludes bronze fittings 
throughout Motor 
driven, if desired. (We 
also build simplex and 
duplex steam pumps for 
boiler feed, etc ) 



Sales and Service Agench 
Throughout the World 


REDI-RETURP 
CONDENSATIOP 
UNITS — Compact, de 
pendable and exception 
ally low priced. De 
signed to collect an^ 
pump back to the boile 
returns from high an< 
low pressure heating sys 
terns, handling water a 
210°F Furnished com 
plete as shown with ful 
automatic control Twii 
units can he furnished 
Large range of sizes 

MOTOR-UNIl 
CENTRIFUGAI 
PUMPS — Simple anc 
inexpensive Ideal foi 
air washer and cooling 
work, pumping cleai 
water or brines Punq 
attached directly tc 
motor Bearings, base 
and coupling eliminated 
Only one stuffing box 
Very compact Fifteen 
si/es , 5 to over 500 g p m 

BALL BEARING 
CENTRIFUGAL 
P UM PS — Single-stage, 
horizontally split-case 
type with deep groove 
ball bearings, stainless 
steel shaft and bronze 
seal rings High ef- 
ficiencies insure low 
operating cost (We also 
build multi-stage centri- 
fugal pumps ) 



Reaproeaitns Vacuum Beaixng Pump 
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Pumps 


Buffalo Pumps, Inc. 

450 Broadway, Buffalo, N. Y. 


Branch Offices 


\i,B\NT \ \ hll ritjudord Bldg H S Johoson 
Qk , 724 fmt \dtioTial Bank Bldg , 

B T Gorbandt 

Boston Mv&ij P 0 Bo\ 71 Melrose Station, 

E D Johnson 

Chaplotti N C P 0 Bo\ 1416 J W Fraser 
Phicago, Til , 20 No Wackcr Dri\p, L D Emmert 
Cincinnati, Ohio, Building Industries Bldg , 

F W Twombly 

Cleaflavd Ohio 41S Rockefeller Bldg , T \ W eager 
Dentfp Colo 1718 C'alifornia St Stearns Roger Mfg Co 
Detroit Mich , 2051 W Lafayette Blvd . 

Coon-De \ laser Co T E Coon 
Eeif, Pa , P 0 Bo\ 144, F W Allen 
Houston, Teta-s 900 St Charles St , 

Southern Engine <L Pump Co 
iNTHANAFoLib Int) , ^712 BhII St , C A Memck 


Kansas City, Mo , ^15 Dwight Bldg ,7 If Viisp^teh, r 
BInoxvillb, Tenn 901 General Bldg , Buford Bros 
Los Angeles, Calip , 708 Pershing Square Bldg 

P R V<lri irise 

Minneapolis, Minn, 619 Fobhi> Tower, E F Bill 
Nashville, Tenn, 154 Second Vve , No Buford Bros 
New York , N A , 59 Cortland St \V S Koithari 
New Orleans, La , Devlin Bros , 100 > Maritime Bldg 
Philadelphia, Pa , 70? Cunard Bldg , Davidson & Hunger 
PrrrsBORGH, Pa 912 Fulton Bldg , H L Moore 
San FBANCibCo, Calif , 550 Fifth St , 

Moore Muhiiicry Co J G Siott 
Seattle. Wash , 500 First Ave South, V T Forsyth 
St Louib, Mo, 1596 Arcade Bldg , J \\ Cooper 
Toledo, Ohio, 1922 Linwood Vve , C M Eyatcr 
Washington, D C , 820 Woodw ird Bldg , G S Frarikel 


Complete Line Manufactured in Canada By Ca.nada Pumps Limited, Kitchener, Ontario 


PRODUCTS — A complete line of Steam Pumps, Single and Multi-stage Cen- 
trifugal Pumps and Special Pumps for siiecial purposes, etc 
Descriptive literature furnished on request. 


Buffalo 
Single 
Suction 
Close- 
Coupled 
Pumps 

This pump IS 
close-coupled 
to electric motor, eliminating the necessity 
for bearings The impeller is overhung on 
the motor shaft, providing a compact, 
easily-ser\’iced unit Permanent align- 
ment is assured and the pump mounted in 
this manner requires very little space 
Buffalo Close Coupled Pumps are 
suitable for handling hot water with low 
submergence on suction, or for operating 
w ith suction lift as high as 25 ft 

These pumps are also available in 
special allots 




Buffalo Double Suction Single Stage 
Centrifugal Pumps 

These pumps embody all of the accepted 
modern features of centrifugal pump 
design Built for capacities from 10 to 
50,000 U S Gal per minute Recom- 
mended for almost any service where clear 
water is handled High efficiency and 
absolute reliability are assured. 


Buffalo 
Self- 
Priming 
Single and 
Double 
Suction 
Centrifugal 
Pumps 



Buffalo Single and Double Suction Pumps 
can now be had with positive self-priming 
device built with the pump This primer 
IS built under license from the Nash Engi- 
neering Company, and lully covered b> 
patents. 

Self-primmg pumps have these advan- 
tages (1) All working parts arc above the 
liquid to be pumped (2) There is com- 
plete access to all parts of installation (3) 
Rotors are balanced — Mbrationless (4) 
Buffalo Self-Priming Pumps are veiy^ ciuiet 
— ^no long shafts to vibrate and fewer 
bearings (6) Constant positive prime 
obtained without foot valves 


Buffalo 
Automatic 
Sump Pumps 

Buflalo Sump 
Pumps are self- 
contained and 
have unusually 
high efficiencies 
thus permitting 
the use ol small 
motors Ball 
Bearing thrust 
and enclosed shaft 
especially adapt these pumps for their 
service. Operating costs are low, no 
expensive shutdowns 
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Pumps 


Decatur Pump Co. Decatur, 111. 

BURKS SUPER TURBINE PUMPS AND WATER SYSTEMS 
Self-Pnming High Head Units 



Burks Self-Priming 
Centrifugal Pumps 
High Efficiency Open-Impeller Type 
Selt-Pnming Centnlugal Pumps Built to 
high Engineering Standards Capacities 
to 24000 G P H 


Burks Condensation Return Unit 
Serves up to 18,000 Sq Ft Radiation 
Furnished with 12 
and 24 gal tanks con- 
structed ot copper 
bearing steel Auto- 
matic Float Switch 
governs the operation 
of motor and also pro- 
vides overload protec- 
tion lor motor 

Designed to operate 
against a inavimum 
pressure of 100 lb per 
scjuare inch 

Will serve 6000 sci ft 
of radiation at 10 lb 
pressure or 1 100 sfj It of radiation at 100 lb 
pressure 

Ask for Bulletin No 104 covering larger 
return units 


Burks Heavy Duty Turbine Pumps 
Self- Priming 

A powerful high pressure heavy duty 
pump 

Pressures to 100 lb per square inch 
Capacities to 1500 G P H A general 
utility pump suitable lor many service 
applications, including Domestic Water 
Systems, commercial budding installations, 
booster and hot water service Ideal lor 
returning condensate to heating boilers 
Pumps air, hence will not vapor-bind 
Suction lilt ability unsurpassed A pump 
for service where powerful, economical 
and efficient performance are first con- 
siderations A high pressure pumping 
unit recommended by thousands ol In- 
dustrials for its outstanding performance 
and operating economy 


BURKS 

Autobinlt Deep Well Pump available 
for deptin beyond 2H ft 




Water System 

Has Everything 

— Positive Impeller Adjustment 
— Self-Primmg at Maximum Lift 
— Guaranteed 28 Ft Lift 
— Completely Automatic 
— Manual — Automatic Switch 
— Double Suction — Double Discharge 
— Large Water Capacity 
— Low Maintenance Cost 
— Trouble Free Performance 
— New Super-Powered Motor 
— Steady Even Stream of Water 
— Compact — Requires Small Space 
— Capacities Up to 500 G P.H 

Equipped With The F 


New type motor eliminates radio in- 
terference and provides greater hourly 
w ater capacity 



Ftg 8336-9 


Burks Auto- Air Control 
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Pumps 


Chicago Pump Company 

SEWAGE - CONDENSATION - CIRCULATING 
BILGE - FIRE - HOUSE - VACUUM 

2330 Wolfram Street BRUnswick 4110 Chicago 

PRODUCTS—Retum Line Vacuum Heating and Boiler Feed Pumps, Con- 
densation, House, Booster, Fire Pumps, Circulating, Brine, Sewage, Bilge, 
Sludge, Pneumatic and Tankless Water Supply Systems and Automatic 
Alternator. 


Condensation Pump and Receiver 

for Low, Medium and High Pressures 
Systems up to 150,000 Sq Ft Radiation 



Fig 19S1~-F C Condmmtwn Pump 


Chicago" Condensation Pumps are built 
for systems ranging from 2,000 up to 
150,000 sq ft of radiation, and for boiler 
pressures up to 200 lb Units are built 
in either single or duplex—the duplex 
being alternated in their operation by the 
Automatic Alternator For tables and com- 
plete description ask for BvUetin 129 

Vertical Condensation Pump 

for Low and Medium Pressure for Systems 
up to 100,000 Sq Ft Radiation 

The vertical condensation 
pump IS designed to re- 
ceive returns from lowest 
radiation The receiver is 
placed underground — an 
ordinary hole sufficing if 
necessary — and requires 
very little floor space 
Unit IS shipped complete, 
easy to install, assembled 
so as to prevent steam 
leaks Special bearings 
will stand up under hot 
water for several years 
A special float mechanism 
IS guaranteed not to leak 
or stick in stuffing box 
Complete data and descrip- 
tion in Bulletin 133 


“Sure-Return” Condensation Pump 

for Low and Medium Pressure, and Systems 
up to ^5,000 Sq Ft Radiation 



Fxg me 


"Sure Return" Condensation Pumps and 
Receivers are built for systems up to 
35,000 sq ft of direct radiation and for 
low and medium pressures Built m either 
single or duplex units Duplex units are 
alternated in their operation by the Auto- 
matic Alternator Complete data in Bulle- 
tin 131 


Horizontally Split Pumps 

for all Services 



Fig 1881— Single Stage Type “/)” Pump 

For any ser\nce (such as boiler feed, water 
supply, tank filling, circulating, fire pro- 
tection, etc ) Chicago Pump Co builds 
a line of horizontally split case centrifugal 
pumps in both single and multistages 
Completely bronze fitted (except where 
special fittings are required) ball bearings, 
internal water seal, od is filtered "Chicago” 
Honzontal Pumps are built for efficient 
performance and long life 



Fw 1940 
VerUcal 
CoTidensation 
Pump 
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Chicago Pump Company 


Pumps 


“CONDO- VAC” 

Return Line Vacuum Heating and Boiler Feed Pumps 


Automatic Alternator is available 
on Duplex Return Line Vacuum 
Heating and Boiler Feed Pumps 



PxQ S102— Duplex "Condo-Vcua'^ with. 
Duplex Double {ulomatu Control 


Sewage Ejectors 



Fig S087’— Duplex Non-Clog Sewage Ejedore vnih compile 
conirol equipment mounted on basin cover “Automatic 
Alternator'* transfers operation from one pump to the other 



Fig SlOO— Single “Condo-Vac" 


No vacuum on stuffing boxes, ample clear- 
ance in rotating member. It costs less to 
operate a Condo- Vac Condo- Vac reduces 
corrosion m piping and boiler to minimum 
— because pump does not take m air from 
atmosphere and entirely eliminates all air 
coming back from system. Condo- Vac is 
quiet, has a low inlet, entirely automatic, 
lool-proof, easy to maintain Ask for 
Bulletin 137, learn more about the modern 
vacuum pump with the long lite principle 
of operation 

Glose-Goupled Pumps 

Boiler Feed. Circulating, Tank Filling, 
Water Supply 





Fig eiSO— Close-Coupled side suction Dump Capacitiea 
range from S to oOO (j P M against heads uo to 189 ft 
Motors jrom 1/6 to SO Hn Discharge 1 to J in Both closed 
ana open tyve imvdlers 
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Pumps 


The Nash Engineering Company 

South Norwalk, Conn., U. S. A. 

Sales and Semce Offices in all Principal Cities 


Centrifugal Pump 

Made in standard and suction (self-pnmmg) 
types For circulating hot and cold water, 
boosting city water pressure, handling water 
in air washing and conditioning, handling ash 
sluicing water, etc 

Compact — motor armature and pump im- 
peller are mounted on the same shaft Simp- 
lified — no beanngs in pump casing, one stuf- 
fing box Accessible — impeller removable 
without disturbing piping or shaft alignment 
^ Self-pnmmg types'will handle air or gas con- 
tinuously with liquid being pumped, and can 
be operated intermittently without foot valve 

Supplied in 1 1}^, 2, 3, 4, 6, and 8 in sizes 
with capacity up to 2000 g p m Heads up to 
300 ft 

Complete data in Btdlehn No 155 on request 

Suction Siunp and Sewage Pumps 

Jennings Suction Sump Pumps are self- 
priming centnfugals for handling seepage 
water and liquids reasonably free from solids 
The Suction Sewage Pumps are eguipped with 
a non-clog type impeller for liquids containing 
solids Suction piping only is submerged 
Centrifugal impeller and vacuum pnming 
rotor are both mounted on same shaft that 
carries rotor of the dnving motor, forming a 
single moving element and rotating without 
metallic contact 

^ These pumps will handle air or gas with 
liquid being pumped, and because of self- 
pnmmg feature are installed entirely outside 
of pit This affords perfect accessibility for 
infection or cleaning 

Capacities to meet all requirements 

Complete data in BuUehns 159, 161 and 188 
on request 




Air Compressor and 
Vacuum Pump 

The Nash Air Compressor operates on a 
unique and different pnnciple The one 
moving part rotates m casmg without metallic 
contact There are no valves, pistons, or 
sliding metal vanes There is nothing to 
wear, and no internal lubrication Nash 
Compressors deliver absolutely clean air 
Unit illustrated is built integral with elec- 
tric motor. Compact, may be installed any- 
where Ideal general service compressor. 
Suitable for pnming pumps on water systems, 
handlmg CO* gas, agitation of liquids, as blood 
sucking pumps in hospitals, etc 
Pressure 75 lb or vacuum 28 in of mercury 
Equipment furnished for any capacity. 

Complete data in BuUehns 258 and 261 on 
request 
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Pump^ 


The Nash Engineering Company 

South Norwalk, Conn., U. S. A. 

Sales and Service Offices in all Principal Cities 




4 -' 



Jennitigs Return Line Vacuum 
Heating Pumps 

Standard with the heating industry for over 
sixteen years They remove air and con- 
densation from the return lines of vacuum 
steam heating systems, discharging the air to 
atmosphere and returning the water to the 
boiler 

Two independent units are combined in a 
single casing — an air unit and a water unit 
Impellers of both are mounted on the same 
shaft The pump is bronze fitted throughout 

Supplied either direct connected to standard 
electric motors, for belt drive, or for steam 
turbine drive For continuous or automatic 
operation against pressures up to 40 lbs Sup- 
plied standard in capacities up to 300,000 
sq ft. EDR 

Complete data %n BuUetin No 85 on request 

Jennings Vapor Turbine Vacuum 
Heating Pumps 

The Jennings Vapor Turbine Heating Pump 
combines all of the advantages of the standard 
return line heating pumps with a new type of 
drive, a specially designed low pressure tur- 
bine which operates directly on steam from 
the heating mains on any system, requiring 
a differential of only 5 in. of mercury, and 
returns that steam to the heating system with 
practically no heat loss 

This pump affords the safety and economy 
which goes with a continuous condensation 
return and steady vacuum, and at no cost for 
electric current Furnished standard in 
capacities up to 65,000 sq ft ED R Over 
65,000 sq ft and up to 160,000 sq ft. infor- 
mation will be furnished upon request. 

Complete data tn Bulletin No, 2^f0 on request. 

Condensation Pump and Receiver 

Removes condensation from radiators in 
return line steam heating systems and pumps 
condensation back to the boiler 

They are sturdy and compact in construc- 
tion, and combine receiving tank, pump and 
driving motor in a single assembly. Bronze 
fitted throughout, with Tobin bronze shaft 
Impeller is of special design adapted to hand- 
ling hot water with highest effiaency 

Jennings Condensation Pumps are fur- 
nished in standard sizes with capacities 
ranging from 1}^ to 225 g.p m of water For 
serving from 1,000 up to 150,000 sq ft of 
equivalent direct radiation. 

Complete data tn BuLlettn No 241 on request 
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The John H. McGowan Company 

General Offices 54-58 Central Avenue 

Cincinnati, Ohio 

CENTRIFUGAL-STEAM AND POWER DRIVEN-TYPES 
FOR WIDE RANGES OF APPLICATION 


Dimbli Suitio)! Type 


CENTRIFUGAL PUMPS 
All units embraced in the 
\dnous groups ot this tvpe may 
be turnished lor stated capacities 
and heads and equipped with any 

suitable t>pe ol drive desired i 

“ S,de Suet, on Type ' „ Side Suct.on -Single Stage- ,, 

Capacities a to 125 gpin lor 
heads up to 70 ft Bulletin No 11)0 

Double Suction— Split Case Single Stage -30 to 3500 gpm lor heads 10 to I3I ft 
Bulletin No lOJ^B 

Multi-Stage — Split Case Single Suction Pumps Capacities 120 to 1(K)0 gpm and tor 
heads up to 680 ft Bulletin No 100 

SPECIAL CENTRIFUGAL PUMP UNITS 
Condensate Return Units — Hori7ontal Pump and Receiver, Motor Diiven lor 1000 to 
100,000 sq it radiation and return pressures up to 150 lb 
Vertical T>pe tor 3000 to 100,000 sq ft ladiation and lor letuin pressuie iq) to 50 lb 
Vertical Sump Pumps— Single and Duplex tor capacities trom 10 to 500 ginn and tor 
heads up to 108 It 

Multi-Stage — Split Case Single Suction Pumps Capacities up to 3500 gpm and tor 
heads up to 1630 ft 

SINGLE STEAM DRIVEN PUMPS 


A \ acuu: 

H Boiler 


Single iiieam Driven Boiler Fted 
ot Cinidaling Pimps 


Vacuum Pumps tor radiation up to 190,0(X) s(i It Bulletin No 
Boiler Feed Pumps — Packed Piston, Valve 
Plate Design tor Boilers up to 1300 
hp and pressures up to 200 lb, in- 
eluding General and Low Service riMf23LJra ^™ 
Pumps up to 350 gpm and ior pHHpilliD^^ 
pressures up to 150 lb Bulletin No TT^ ■ . 

'fJ-A End Packed Plunger Types „ , . 
mps ‘or corresponding cipacities *«»">««, 7 

and pressures 


Siniih Steam Ihivtn 
1 aiuum Pump 


DUPLEX STEAM DRIVEN PUMPS 


Ip 

r 


Duple\ Itoilei Feed and 
C iriiilating Pumps 


Include Packed Piston Valve Plate M 

Design Boiler Feed Pumps — lor Boilers g- 

up to 3000 hp and for water pressures up 
to 200 lb Bulletin No 1 
Packed Piston Valve Plate Design Low 
and General Service Pumps lor capaci- 
ties up to 350 gpm and ior pressures trom | 

CondensatPpiimp 100 to 150 lb Bulletin No 'A Duplex Boilei Feed and 

andReceivei Automatic Condensate Return Units tirmlautn Pumps 

Packed Piston Valve Plate Design for 
return pressures up to 200 lb Bulletin No 3 

CentCT Packed Plunger Pump Valve Plate and Straightway Design ior Boiler Feed or 
^neral Service suitable as Boiler Feeders up to 6000 hp and tor pressures up to 200 lb 
Bulletin No 4 

End Packed Pot \ al\e Pumps tor Boilers up to 2000 hp and tor pressures up to 300 lb 
Bulletin No 5 

Packed Piston Turret T>pe, General Sen’ice Pumps tor capacities up to 700 gpm and 
tor pressures up to 150 lb BuMetin No 6 

Fud Oil Heater Sets, Single or Double in Packed Piston Valve Plate Design Bulletin 
No J{6, ^ 

All pumps fully guaranteed for service applying to sale 
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Registers and Grilles 


Anemostat Corporation of America 

551 Fifth Avenue, New York City, N. Y. 

THE ANEMOSTAT AIR DISTRIBUTOR 

Anemostat 

Anemostat is a device of unifiuc design for providing draftless air distribution Miiciii^g 
room air with conditioned air within the Anemostat permits the engineer to specify 
high air velocities in ducts, great range temperature dififerential, resulting m small ducts, 
smaller plants, reduced ai)erating expense 
The Anemostat can be connected to the air outlets of any existing or new system 



1 yli( I 

luii lniiu\tnul List 


/ v/»< /> 
StaniUud 


T\p( C 

hoi RtsuliHliul U\e 


Anemostat Velocities Feet pe r M inute (All types) 

Vtlocities I eet ptr Minute 


Size 

No 

Neck 

Did 

Inch 

800 

900 

1000 

1100 1 1200 1 1400 1 1600 
Output Cubic [“cet per Minute 

1800 

2000 

2200 

2400 

2600 

Area 
of Nctk 
^ In 

10 

4 

" 69 

78 

87 

95 

104 

122 

139 

157 

174 

192 

209 

227 

12 

15 


157 

176 

196 

215 

235 

274 

314 

~ 353 

393 

432 

' 471 

510 

28 

20 

8 

279 

314 

349 

383 

419 

489 

558 

629 

698 

m 

837 

906 

50 

22 5 

9 

353 

399 

442 

486 

531 

619 

708 

796 

884 

972 

1061 

1150 

63 

25 

10 

436 

490 

546 

59<; 

655 

764 

873 

982 

1092 

1200 

1320 

1419 

78 "" 

30 

12 

628 

706 

786 

863 

944 

1100 

~1258 

”l415 

1572 

1730 

1888 

2042 

M3 

35 

14 

855 

962 

1069 

' 1175 ' 

1280 

1495 

1710 

1920 

2138 

2350 

2562 

2780 

153 

40 

16 

1116 

1256 

1396 

1535 

1674 

1954 

2232 

2510 

2792 

3070 

3350 

3630 

201 







Ammoslal in tomfiinatioH iiuth lishltnti 
Ji\lurt, Julius Kavsii Sioies 



Anemoslalii tn Madison SQttaie Caiden 
Installalion 


“No Air Conditioning System is better than its Air Distribution” 
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Registers and Grilles 


The Auer Register Co. 

3608 Payne Avenue, Cleveland, Ohio 

Manufacturers of Registers and Grilles for Gravity and Air Conditioning 
Systems; Wrought Metal Grilles for Concealing and Protecting Radiation 


AIR CONDITIONING REGISTERS AND GRILLES 

Auer Registers and Gnlles for Air Conditioning have been designed to meet all modern 
requirements — appearance, practicability, and simplicity in installation and operation 
They are made m various designs to harmonize with modern interiors Constructed and 
test^ to operate with high efficiency in any system ot forced air, they are a departure, 
not merely an adaptation, from gravity registers They are designed for easy installation 
in either new construction or remodelling 



No. 2030 SidewaU 

The design shown is our standard 
design, termed Classic It is very adap- 
table to most mteriors, other designs, 
however, can be furnished 
This type is made with double band 
frame for extra rigid installation and for 
elimination of any possible warping of the 
face The same model can be used with- 
out a valve, as a return 



No. 2010 Sidewall 

This type is used m new construction 
exclusively. The sliding frame is anchored 
to studdmgs before plastering After 
plastering, the register is easily attached 
to the frame and can be slid to the position 
desired betw'een the studs 

The same type furnished without a 
valve is used as a return 

Auer Registers and Grilles can be fum 
catalogue showing complete line of rasters 
capacities w’lll be forwarded on request. 



No. 2230C Sidewall 

This illustration shows register directing 
air in three directions 


-■/////I IWXWL 

It can be made to direct air in one 
direction only or m two directions The 
directing air blades can be set at any 
angle specified Installation can be made 
with band frame or sliding frame as shown 
m previous illustrations 



No. 2005 Oblong 

Auer Registers and Gnlles can be fur- 
nished in many designs 

ished in any standard finish Illustrated 
for all purposes and chart of open areas and 
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Registers and Grilles 


The Independent Register Co. 

Established 1898 

3753 East 93rd Street, Cleveland, Ohio 


INDEPENDENT “Fabrikated” 

R.K ir S P.it Olhu- 

AIR CONDITIONING REGISTERS AND GRILLES 


No. 311-A— ADJUSTABLE DIRECTED AIR FLOW 



No Sll-A—Atr Flow Downward Adjuttable 
from atraighl to U deg 


With “ Ini)m»km>i- M ” Adjustable Directed Air 
Flo^\ Registers and ( rnlles the Engineer is in com- 
plete control ot the direction ot air flow 


The (liieclional adiustmeiit can be 
made at the lime oi installation -or 
alter the system is operating Thus 
correcting unlorcscen, or changed 
conditions 



The method of adjustment is simple as shown, and man> dnxjctions Each interior 
and combinations can be developed to suit the need grille bar is ad- 

justed individ- 
ually 

No. 321-A --ADJUSTABLE DIRECTED AIR FLOW 



Standard registers are lurnishetl with single valves, — they are also 
supplied with “Multiple VaKes” -and with “Multiple Valves” 
adjusted individually— the Engineer is given a dual control of the 
air flow — being able to secure right and left together with up and 
down deflection at the same tune 


Grille Bars set for right and left 
deflection The grille bars are set 
in a firm tension, yet easily ad- 
justed, uith the tool sent with each 
order 



No dSl-A— Showing a combmahon of AdjuAmentt 


REGISTERS WITH TANDEM VALVES 


Knob Control 



Independent Catalogues Tell The Com- 
plete Story — Yours For The Asking. 
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Registers and Grilles 


Hart & Cooley Manufacturing Co. 

Establuihed 1901 

Air Conditioning Registers and Grilles - Warm Air Registers 
Damper Regulators - Furnace Regulators - Pulleys - Chain 

61 West Kinzic Street, Chicago, 111. 


A COMPLETE LINE OF AIR CONDITIONING GRILLES 
AND REGISTERS TO MEET ANY NEED 





No. 90 DESIGN- 
Dual Control Directional Flow 

No 90 Design Grilles and Registers are made up of a 
number ot thin strijis, which are shaix?d into a senes of 
grooves The strips, when assembled, lorin an attrac- 
tive grille with openings ^ 2 wide and I in in depth 
The tubes formed by the grooves in the strips may be 
straight, at an angle ot i.5 deg to the Iclt or right, or up 
and down, or in any combination theicol, thus making 
It possible to secure ixisit ivc conttol oi t he air flow in any 
desired direction 


Characteristics of No. 90 Design 

1. Concealment of Duct — ^The depth of the grille (1 in ), together wuth the tubular 
shape of the openings, result in exceptional concealment of the duct 

2 . Dual Control of Air Flow — The air is controlled in two planes - horizontally as 
well as sideways The air leaves the grille in a horizontal plane regardless of the approach. 

3. Resistance — Directional flow is obtained by changing the path of the air gradually. 
The turbulence which would be caused by an abrupt change in the path of the air is 
eliminated, thereby greatly reduemg the resistance of the grille 

4. Noise — ^The elimination of turbulence likewise eliminates the greatest cause of 
noise m the grille Velocities of 2000 ft per minute or more may be used without adding 
to the noise level Complete acoustical ratings and their application arc shown in 
H & C Bulletin No, 1 

5. Air Capacity — ^The gnlle itself has a free area of approvmiatcly 89 per cent 
When used with the 3-piece and 1-piece frames the free area is slightly reduced, owing 
to the clearance necessary for the frames. 

6 . Directional Control — The grille is available with a type of directional control for 
every condition. 

No. 77 DESIGN — ^Non-adjustable Vertical Bar Close Mesh 
No. 78 DESIGN — ^Non-adjustable Horizontal Bar Close Mesh 

Design Gnlles and Registers are made up of fixed bars with ® g in 
mesh These gnlles and registers fulfill the demand for an mevpensive yet attractive 
register with straight air flow and duct concealment 

No. 72 DESIGN — ^Non-adjustable Vertical Bar Open Mesh 

No 72 Design Gnlles and Registers are made up of fixed bars with J 4 in mesh These 
registers are of ngid construction and offer a maximum of free area 
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Hari & Cooley Manufacturing Co 


Registers and Grilles 


No. 84 DESIGN -Adjustable Vertical Bar Close Mesh 
No. 85 DESIGN — Adjustable Horizontal Bar Close Mesh 

Nos <S4 anti S5 Design (inllos and Registers aie niatle up ol solid bars, rounded at the 
front and back to oHor a minimiini ol resistance to air flow The construction allows 
tor adjust nient ol the bars alter installation has been coiiijileted, to jirov ideany iiecessar> 
air deflection The bars are tonnet ted in 2 in gioiips to latililale case ol adjustment and 
allow a wide range ol deflection settings 


Characteristics ot Nos. 84 and 85 Design 

1. Concealnaent of Duct 'fhe depth ol the bais together with their close sjxicing 
in mesh), result in exceptional concealnicnt ot thetluct 

2. Air Capacit> The guile itsell has a liec area ol aiijiroximalely per cent 
When used w ith installation liames the Iree area is slightly i educed ow mg to the clearance 
necessary lor the Irames 

3. Adjustable Directional Control The bars may lie adjusted, lielore or alter 
installation, to give anv tv pc ol directional contiol desired 

No. 71 DESIGN -Perforated Plain Lattice 

No 71 Design (inlles and Registers are c<isily decorated to match then sunoundnigs, 
and the openings (’^s ni ) aie small enough to (oiueal the duct They result in a satis- 
iactory installation m those lases where diiectional control ot air flow is not leijuiretl 

No. 76 DESIGN- Fancy Perforated 

No 70 Design (a dies and Registers are attractive m ,i|)pearance and will hariuoni/e 
with any st>le ol archilixture 


Six Types of Air Conditioning Registers Available 

All ol the designs desciibed aie avail«d>lc as 
gillies or registers, with or without valv'cs, 
and aie likewise available with any ol the six 
ty|)es ol Irames descTibed below' 

(I) Sidewall Register with Streakproof 
h'rame luame and duct are embedded m 
plastei Overlapping lace with rubber gasket 
insures a slreakprool installation 

(2) Sidewall Registci with Rand Iron Krame Ideal lor ohl house installations 
Face has ample maigins to covei ojieiimg iii w'all 

(3) Baseboard Registei with Sli<i<ikprool Frame - Duct is permanently secured to 
frame, eliminating streaking Face is readily lemovablc lor cleaning or redecorating 

(4) Baseboard Register v\ilh Integral Frame and Face *Kasy to install and less 
expensive 

(5) Return An Intake with i in Projection Designed loi use where intake extends 
abov'e the top ol the bascboaid 

(6) Return Air Intake, Flat Designed for installations in which the baseboard 
height IS greater than that of the intake 



d::: 


Complete Separate CalaIoi*s on Air Conditioning Regnters and Guiles oi 
Warm Air Registers Available on Request 
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Registers and Grilles 


Tuttle & Bailey, Inc. 

New Britain, Conn. 

Branch Offices Boston, Nlw York, Cint \i o, Piiilmh i i*niv 


Air Conditioning 
Grilles and Registers 
Air Control Devices 



PRODUCTS 


Ornamental Grilles 
Cast or Wrought Metals 
Convection Heaters 


Tuttle & Bailey Engineers have developed a complete line ol grilles, registers and air 
control devices for air conditioning i\ork In addition, new items are constantly being 
added to the line m an endeavor to satisfy almost any requirement on an installation 


A NEW CATALOG! 

Tuttle & Bailey, Inc announces Catalog No 37 
cov’enng its entire line of Air Conditioning Grilles 
and Registers as well as other air control devices 

This new catalog contains complete infor- 
mation on Tuttle & Bailey’s comprehensive line 
of Forced Air Registers, Air Conditioning Grilles, 
Ducturns, Santrols, Ceiling Outlets, and many 
specialties 

For complete information on a modern and 
up-to-date line, wTite for >our cop> ot Catalog 



ENGINEERING DATA 

Tuttle & Bailey Engineers have developed 
after many months of constant experimenting in 
their research laboratory, a brochure of engi- 
neering data on air action from a grille or register 
outlet In this special booklet is fully described 
a new system for the proper selection of grille 
sizes and constructions to meet specified con- 
ditions of air volume, air throw, etc 

The engineering data is not theoretical but w as 
deterniinw from actual tests run in Tuttle & 
Bailey’s laboratory under conditions which would 
resemble an actual lob installation 

Copies of this special booklet are available free 
of charge to Engineers Write for “Engineering 
Data and Grille Selection System ” 
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Registers and Grilles 


Tuttle & Bailey, Inc. 

New Britain, Conn. 


Listed on this page are suggestionb oi a lew ol the more popular T B products 
ivailable for air conditioning installations For conijilete data, relcr to Catalog No 37 



Ullllllllllllllllllllllll 


AIRLINE GRILLE 

A popular style among the various air 
conditioning grilles is the T & B Airline 
design This grille is unique m design, neat 
and atti active, and provides fixed air 
deflection, trom one to seven an streams 
may be directed Iroin a single outlet 


HIVELAIR GRILLE 
The Hivelair grille is an entirely new 
grille especially designed for use on high 
velocity systems Its special construction 
controls air throw and also permits the use 
ol air velocities as high as 2500 fpm 


TILNCET SPCeiAi. 
CWDITIOHI JAHTBBU 
at flABC WITH 
jW>RE.£!IM HATBfil. 
THAK atVnXD 


rtlT CtnCHTED TO.piBCa 
rofl. HaU)INr AANTnOLS IN 



/MWOfTCD-niiAIIH / 



FORCED AIR REGISTERS 
Tuttle & Bailey have a complete line ol 
Forced Air Registers for use on individual 
home construction There are six standard 
face designs all available in various types 
of sidewall or baseboard Iramcs 


SANTROLS 

A new^ device lor use on an exterior duct 
system ol an air conditioning installation 
Sanlrols pro\i(le volume control and uni- 
form distribution of the air Irom the outlet. 






Registers and Grilles 


The Waterloo Register Company 

Waterloo, Iowa Seattle, Wash. 

Established 1902 


AIR-MASTER GRILLES 

FG-90 Pei- 
inancntly fi\ecl 
e\terior bars 
spaced at * | m 
intervals are 
supported by 
individually ad- 
justable interior 
blades providing 
fixed “spray 
nozzle “ control 
on one plane 
and adjustable 
deflection con- 
t rol on t he ot hei 
jilane Any ai- 
langenient or 
angle setting of 

the fine exterior bars can be furnished, either parallel with short dimension or long 
dimension of grille Absolute area 74 per cent Efiective area .S7 jier cent 

FG-80 — Double grilles, such as the 
AIR-M ASTER “80" are arranged 
w'lth two panels ot individually 
operated blades described as “rear” 
and “front" deflectors, making 
possible complete deflection control 
The “80 " has blades spaced at ? 2 in 
interc’als with maximum screening 
for high \ elocity air stream Abso- 
lute area 39 2 per cent Effective 
area 69 6 per cent Air- Master FG- 
70 w ith bars spaced at 1 in inter\'als 
has absolute area 67 5 per cent and 
effective area 83 7 per cent All 
blades formed with tube edge ex- 
posed to air current 

F G - 6 0 — Individually operated 
blades formed from same stock as in 
The AIR-MASTER “SO" but 
incorporating one panel of bars 
instead of two Bars are spaced at 
3 2 in, mterv’als and may be ordered 
parallel with either long or short 
dimension of grille, thus control is 
complete, either laterally or ver- 
tically whichever is desired 

Defi//i Intliidinti lUadts t mill 

All grilles illustrated are intended primarily for commercial inslallations, 
ann may be turnished in any finish to fit any size ot opening w’hich measures 
in even incn^ A complete line of residential air conditioning registers is 
manufactured and also available are latest type flooi registers, cold air laces, 
modernistic grilles, gravity sidewall registers and accessories 
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Sheds 


The American Rolling Mill Company 

E\erutive ()fti('os, Middletown, Ohio 


A.tl\nt^, G V , 

in? ('itizoiih .itid S(uith(tii Niitiotiiil lUnk BI(1 k 
Boston, M \hh I)‘ ' oiishiro 

Bdppalo, N \ SOI S«\( iit(‘(‘!i (’milt Ht Bldg 

Chic^qo, 111 ill) S Midugui Bldg 

CijavKL\ND, OiiKi I'iloB r Kmtli Bldg 

Dallas. Ttjvas 1111 H.wita I'V Bldg 

Dbtkoit, Mich ^-^<»1 (J(*ii(‘rtil Motors Bldg 


ICANh\.s City Mo 
M iDDLhTowN Ohio 
NjW OuLKANh, I A 
\ouk., N \ 
BlIlLVULLmilV, l\ 

PlirsMUlM.H, Pv 
San Fhanciwo CvliI' 
Sr liOius, Mo 


7100 KoIhtH St 
701 (’urtia St 
ISOS S ('<iriolllon Avr 
SO (’huich St 
ISOh Ijiiicoiii Liberty Bldg 
I()i2 Oliver Bldg 
SJO Tenth St 
17iS Vinlussiulor Bldg 



Choose the Correct Armco Grade 

These j^rades ol Anneo Sheet metal are recoinmciidetl lor the 
cur conditioning applicatioiis shown For detailed inlormatioii 
gel in touch with the nearest (list rut ofiice or write direct to 
the Aineri(an Rolling Mill Comiiaii}, Middletown, Ohio 


Armco Ingot Iron 

(Calvaiu/ed) 

Ducts 

Washer ('Inimbeis 
Plenum Chambeis 
Steam I^ine (\isings 
Furnace ('asings 
Spray Towers 
Drip Pans 
ll<^usings 
Machine (luards 
Ihiit Conditioneis 
([ndustrial) 

Root Ventilators 
Kliminator Blades 

Hot Rolled 

(Sheets and Strip) 

Fan l^lades 
Blower ('asings 
Fuel Oil Tanks 
Cmt Conditioners 
Stoker Hoppers 

Cold Rolled 

(Sheets and Scrip) 

Furnace Chasings 
Room Unit Casings 


Plates 

(Armco Ingot lion) 

Smoke Slacks 
Coal llc)pi)ers 
Breeching 

Unfired Pressure Vessels 
I.ow-fircd Boilers 
Tanks 


Stainless Steel 

(Sheet, Strip and Plate) 

Furnace Construction 
Heat Flues and Tubes 
Humidifier Pans 
Casings lor R(x>m Conliols 
l^'urndce Casing Trim 
(»nlles 

Heal Resistance 
Corrosion Resistance 
I'an and Blow'er Blades 


Spiral Welded Pipe 

Air Piping 
Water Piping 
I.ow Pressure Steam 
Cooling Tow'er Fhping 
wSpra\ Pond Imping 


Other Armco Products 

The grades recommended lor these applic'ations are only' a tew that Armco makes 
Others include copper bearing sheets and plates and open hearth steel, cither galvani/ed 
or uncoated Armco galvani/ed Paintgnp sheets are recommended where immediate 
painting is necessary They lec^uire no acid treatment or natural w'eathenng and help 
prolong paint life Put your problem up to Armco — and remember there are distributors 
and contractors nearby to meet ciuickly your needs lor the sheet metal you speedy 
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Sheds {Copper-^Steel) 


Carnegie-Illinois Steel Corporation 

General Offices Pittsburgh and Chicago 


District Offices 


Birmingham 

Boston 

Chicago 

Cincinnati 


Cle\ el and 
Den\ er 
Detroit 
Houston 


Indianapolis 
Milwaukee 
New York 

PlIlLADELPIII V 


Pittsburgh 
St Louis 
S r Paul 
W ASIIINGTON 


COLUMBIA STEEL COMPANY, San Francisco, Pacific Coast Distributors 
UNITED STATES STEEL PRODUCTS COMPANY. New York, Export Distributor-, 


USS COPPER-STEEL SHEETS— BLACK AND GALVANIZED 

Below are some questions v, hich users of steel have asked us The answers hax e been 
supplied by USS metallurgists who ha\e tried to bend over backwards to be conservative 
What ts Copper-Steel^ 

An alloy of copper and steel, wherein a very small percent<xge of copper is advanta- 
geously used to impart its natural rust resistance to a very large (luantity of steel 
What are USS Copper-Steel Sheets^ 

The product of the subsidianes of the United States Steel Corporation, the original 
manufacturers of copper-steel sheets The proper blending of copper with well made steel 
To what extent have the aims of the metallurgist been realized'^ 

By the use of a small amount of copper dissolved in molten steel, the life of unprotected 
steel may be said, conservatively, to have been doubled, and this has been accomplished 
at an additional cost of a few per cent 

Why should copper he used in the steel base if the sheets are galvanized, or painted, or botli'^ 
Because these protective coatings are impermanent at best, and wherever they have 
become damaged or removed, the bare metal exposed needs the protection that copper 
gives it against the concentrated corrosive attack 
The information contained in these questions and answers may well save you thousands 
of dollars a year With an increase in service of at least twice as much as against a 
slight increase in cost, USS Copper-Steel is particularly interesting to heating, venti- 
latmg and air conditioning engineers, architects and contractors 
For durable ducts, demand USS Copper-Steel Sheets 


Gauges of Steel Sheets Used for Duct Construction 


HEATING AND VENTILATING 

Planing Mill and 

Other Exhaust Systems 

Round Ducts 

1 Rectangular Ducts | 

Dum , Inches 

Gauge 

Width, Inches 

Gauge 

Diam , Inches 

CUuge 

6 to 19 

26 

4 to 18 

26 

Up to 8 

24 

20 to 29 

24 

19 to 30 

24 

9 to 14 

22 

30 to 39 

22 

31 to 60 

22 

15to20 

20 

40 to 49 

20 

61 to 118 

20 

21 to 30 

18 

50 and above 

18 

118 and above 

18 




In the above table rectangular ducts are to have cross breaks for the gauges shown, 
otherwise two gauges heavier should be used One inch standing seams should be used 
on wndths up to 48 in , 1 in seams on widths over 48 in , and for widths over 60 in , the 
seams should m addition be provided with reinforcing bars or angles 
(This material is reprinted by permission from "Fan Engineering," Buffalo Forge Co ) 

USS Black and Galvanized Sheets 

T % pnnapal types of black sheets are used by air conditioning engineers They are 
USS Hot Rolled and USS Hot Rolled Annealed These steel sheets may be had in a 
number of different finishes, suitable for all sorts of forming operations and for painting 
Remember that every kind of USS Black Sheet is available in Copper-Steel Modern 
makers and users of air conditioning equipment are specifying USS Copper-Steel Black 
Sh^ts for blowers, refrigerator cabinets, dust collectors, tube collectors, fans, ducts and 
a thousand other specialty products 

Five tyi^ of galvanized sheets made by USS subsidiaries are used extensuely in 
heatmg and ventilating work The^ best types for your particular products or installa- 
tions may be ascertained by consulting USS engineers Write the nearest branch office 
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Sheet Metal Fittings 


Milwaukee, Wisconsin 


Milcor Steel Company 


Cnicv.o, III 


K VNsvs Cm, Mo 


Canton, Ohio 

L V Crosse, Wrs 


Milcor Manufactures 
a Complete Line of 
Furnace Pipe and Fit- 
tings, Forced Air Pipe. 

For thirty- five years 
Heating Contractors have 
known they can always 
depend upon Milcor for 

1. Quality of Product. 
During its 35 years in 
business, Milcor has con- 
stantly maintained high 
standard of quality in its 
products 

2. Outstanding Fea- 
tures. Milcor Products 
have exceptional features 
in construction and design 
which enable quicker and 
better installations 



A COMPLETE LINE OF FORCED AIR PIPE AND FITTINGS 
The most exacting air conditioning engineer will be thoroughly satisfied with the 
con^lete line and appreciate the many possibilities of installation affordetl 
Milcor has lUst produced a new booklet giving all necessary data including list prices 
on these products Send for your copy today! 


MILCOR GALVANIZED ROUND FORCED AIR PIPE 
The efficiency of Round Pipe is appreciated by every heating contractor Now with 
the new Milcor long-length Galvani/e<l Round Furnace Pipe, installations can be made 
for Forced Air Systems which will provide greater efficiency at lower installation and 
material cost Made with air-tight scams and of high quality material, heavily galvanised 


Send for Your Copy of 
the New No. 35 Catalog 



Equivalent Round and Rectangular Ducts 
— for Equal Friction 


Dia 

Round 

Pipe 

Area 

Size 

Rectan> 

ular 

Pipe 

Dia 

Round 

Pipe 

Area 

Size 

Rectan- 

ular 

Pipe 

Dia 

Round 

Pipe 

Area 

Size 

Rectan- 

ular 

Pipe 


21 2 

3x 8 

12* 

1137 

10x12 

22* 

376 7 

12x35 

6-^ 

29 2 

4z 8 

14* 

1584 

8x22 

22* 

376 7 

14x29 

7'' 

37 4 

6x 7 

14* 

1584 

10x17 

24* 

444 9 

12x42 

8' 

407 

5x10 

16* 

198 6 

8x28 

24* 

448 6 

14x35 

8'^ 

52 8 

7x 8 

16* 

203 5 

10x22 

24* 

4499 

15x32 

9<f 

665 

7x10 

18* 

254 5 

10x28 

26* 

526 9 

14x42 

9^ 

65 0 

8x 9 

18* 

2488 

12x22 

26* 

522 8 

15x38 

j(r 

78 5 

7x12 

20* 

3079 

10x35 

26* 

574 7 

16x35 

lO'' 

75 4 

8x10 

20* 

307 9 

12x28 

28* 

594 0 

15x44 

ir 

96 8 

8x13 

20* 

3140 

14x24 

28* 

594 0 

16x41 

II* 

12* 

102 1 
111 2 

9x12 

8x15 

22* 

373 3 

10x43 

28* 

594 0 

17x38 
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Specialties, Heating 


Armstrong Machine Works 

851 Maple Street Three Rivers, Mich. 

Exclusive Manufacturers of Armstrong Inverted-Bucket Steam Traps 


ARMSTRONG REPRESENTATIVES 

Atlanta, Ga , J M Tull Metol & Supply '''‘“"a™. 

Co, Inc. 28S Marietta St. NW ftfih iDo) 2540 W Wells St 

Baltimore, Md , Milby & McKinney, 218 \ . HI SB . I Mmn^polU, Minn , Albeit t Price Co , 
Water St ^57 Fourtli Avc 

Birmingham, Ala , Southeastern Products >SSjS Montreal, Ouebec, Pit ston, PJiippb Inc , 

Co , 1401 Lomb Ave <)o,> st J.uiios St W 


Boston, Mass , Files Steam Specialty Co . 261 
FranJdin St 

Buffalo, N. Y., Herr Steam Specialty Co . 360 
Warwick Ave 

Charl^ton, W Va , Baldwin Supply Co , 518 
Capitol St 

Chicago, 111 , Barrett-Chnstie Co , 108-112 

N Clinton St 

Dallas, Texas, Geo B Allan & Co , North Tevas 
Bids 

Denver, Colo , Hendne-Bolthoff Mfg & Supply 
Co , 1837--17th St 

Des Moines, Iowa, E B Carr, 6J7 Insurance 
£\change Bldg 

Detroit, Mich , A F Squier, 2081 BUme Ave 
Duluth, Minn , John E Smith, 1721 W Michigan 
St 

Ene, Pa , Coblentz Equipment Co . 1119 Peach St 
Evansville, Ind , Evansville Supply Co , Esco 
Bldg 

Fond du Lac, Wis., A N Goff, 94 Eighth St 
Honolulu, T. H , The von Hamm- Young Co , 
Ltd 

Indianapolis, Ind., Indiana Belting & Supply Co , 
34 S Capitol Ave 

Kansas City, Mo , Hughes Machinery Co , 342 
Mfrs Exchange Bldg 

Slnoxville, Tenn , Leinart Engineering Co , 427 
Walnut St 

Los Angeles, Calif., Guy L Warden, 114 West 
17th St 

LouisviUe, Ky , Grait-Pelle Co , 116 N Third St. 
Memphis, Tenn , The Power Equipment Co , 
1352 Madison Ave 

Armstrong traps are offered in two types 
for heating sertnee. “standard” traps and 
“blast” traps Standard traps are used 
for dnpping headers and unit heaters 
where little air is to be handled Where 
large volumes of air must be removed 
quickly, the blast trap is available 
The “Blast” Type Trap — The stand- 
ard Armstrong trap can easily be furnished 
as a “blast” type trap by the use of a 
thermic bucket The air handling capacity 
of this bucket is approximately 100 times 
as great as wnth the regular air vent 
Simplicity — The Armstrong Steam 
Trap has only two moving parts — the 
valve lever a^embly and the inverted 
bucket. Friction is practically eliminated 
in this mechanism All wearing parts are 


New Orleans, La , Luiitbianu btcaiii Equipment 
Co , 109 Tchoupitoulas St 
New York, N Y , Advance Iinginooring Co , 
69 Dey St 

Philadelphia, Pa , Brogan & ( o , SIO ILicc St 
Phoenix, Anz , John W Ladlow, Box 178 1 
Pittsburgh, Pa , R S ICastinan Co, 222 First 
Ave 

Portland, Ore , IliMling and W'ntilating luiuip- 
ment C'o , <>27 S W Oik St 
Richmond, Va , A T Shepliord, 111-12 Tenth 
St Bldg 

St Louis, Mo, ()*Btiun Eciiiipmcnt C'o , 2726 
Locust Blvd 

Salt Lake City, Utah, Mirb Sales & .Service Co , 
144 S Fifth West St 

San Francisco, Calif , Refrigerating ik Power 
Specialities Co , 380 Brannon St 
Seattle, Wash , Heating ik Ventilating Equip- 
ment, Inc , 50(> Fust Vve , South 
South Bend, Ind, Smith- Monroe Co, 1912 
S Mam St 

Spokane, Wash , R A Halbtead, P O box 1359 
Syracuse, N Y., The Ilopton C'o . 321 Denison 
Bldg 

Tampa, Fla., G W Nealc^, 501 E I-aFayettc St 
Toronto, Ont , Artliui S Leitch Co , Ltd . 
1123 Bay St 

Vancouver, B C , Cxeneral Equipment, Ltd , 
410 Homer St 

Winnipeg, Man , Kipp- Kelly, Ltd , 08 Higgins 
Ave 

Wooster, Ohio, Steam Economies Co , 1011 
Beall Ave 

made from nickel chrome bteel except the 
discharge valve anti seal which are made 
from a special chrome steel heal treated 
after machining to obtain maximum 
hardness and toughness 
Avoid Steam Trap Troubles -The 
intermittent action ol this trap and the 
metal used in the valves stop scoring and 
wire-drawing, the common sources of 
leakage Air-bindmg is impossible because 
the air passes out ot the bucket ahead of 
the steam through the vent at the top 
When the trap is discharging, the flow of 
water under the bottom ot the bucket 
prevents the accumulation ot any dirt or 
sediment 

Large Capacity —Discharge orifices 
used in Armstrong traps are very large in 
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Armstrong Machine Works 


Specialties, Heeding 


HOW THE ARMSTRONG STEAM TRAP WORKS 


The Standard Trap 


The “Blast” Trap 



LEfT 

Standaid trap (1) <lo*,id 
and (g) dtacharffinff 

BELOW 

Thermte bucket tn blast 
trap 

RIGHT 

Blast trap (i) dtukarging 
atr, (2) cloud by steam 



- ^ 

■■ 

1 s“s' 

IISII 




ill 

■ II 


Wr 

iiqI 




H 


proportion to the size ol the pipe con- 
nections 

Armslroiif* trap capacity ratings arc not 
theoretical but show actual test capacities 
when handling condensate at steam tem- 
perature The clfect ol Hash steam and 
pipe Inction to and Irom the trap is thus 
automatically taken into consideration 

Service Organization The satis- 


lactoiy operation ol all Armstrong traps is 
assured by 44 district representatives in 
the United wStates, Canada and Hawaii 
Stocks ol these traps are carried in neaily 
lot) leading cities 



211 212 2H 211 21.’) 

Sizes, Capacities and List Prices of Armstrong Traps 


Trap Sim 

Pipe Connections 
Lwt Price (Reguleir) 

List Price (BUit Trap) 

Telegraph Code (Regular) 

Tele^aph Code (Blast 1 rap) 

Diameter 

Weight 

Maximum Pre^^urc. 


Continuous discharge capacity 
in lbs of water per hour at 
pressure indicated For more 
complete information, see the 
Capacity Chart in the Arm>| 
strong Steam Trap Book 


*If ^ in connections are 
desirM, order No 202 for 
straight way or No 203 for 
angles 


5 
10 
15 
20 
25 
„ 30 
§ 40 
S 50 
§.60 
70 

k 80 

M 90 
100 
125 
150 
200 
250 


No 200 
and 201 

No 211 

No 212 

No 213 

No 214 

No 215 




~\f7^rVA” 


Tor 1'// 

$7 00 

$9 25 

$15 00 

$20 75 

$29 00 

$38 00 

$8 50 

$10 75 

$17 00 

$22 75 

$31 50 

$40 50 

fAcaua 

lAcantlius 

1 AcacLlte 

Aspen 

Birdfi 

Walnut 

Hemlock 

Larch 

i Acanclte 

Aspette 

Birette 

Waletle 

Hemlette 

Larette 

4‘'ji/ 

6^8" 


10'// 

32 Lb 

250 

14" 

4'/4" 

4 Lb 

125 

W 


6y/ 

19 Lb 
250 

1 

j 

450 

840 

1560 

"*^3000^ 

4^~ 

7600 

560 

1000 

1900 

3500 

5600 

9100 

640 

1080 

mi 

3900 

6300 

10,000 

690 

890 

1800 

3100 

5900 

8500 

460 

940 

1940 

3390 

6300 

9200 

500 

970 

2050 

3600 

6600 

9800 

550 

780 

1700 

3450 

5700 

8400 

600 

840 

1840 

3750 

6200 

8900 

635 

900 

1950 

4050 

6600 

9300 

660 

940 

2030 

3700 

6100 

9200 

690 

800 

1650 

3920 

6400 

9700 

640 

840 

1750 

3220 

6100 

10,100 

650 

880 

1840 

3400 

6300 

10,400 

660 

960 

2040 

3880 

6700 

10,900 


820 

1530 

3500 

5900 

9500 


900 

1680 

3200 

5400 

9500 




3500 

5700 

10,200 


No 216 


l'//or 2" 
$55 00 
$60 00 

Tamarack 

Tamrette 

i6y4'^ 

lov' 

76 Lb 
250 

'i47mo'" 

17.200 

19.000 

18.200 

20.000 

17.600 
20,000 
18,200 

19.600 
18,500 
19,800 
18,000 
18,500 

20.400 

18.600 

17.400 
19,000 
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Specialties, Heating 


The Beaton & Cadwell Mfg. Company 

Mam Office and Factory. New Britain, Conn. 

New York Office: 234 Water Street 


CADWELL No. 45 SYSTEM FOR 
HOT WATER HEATING 
SYSTEMS 

A complete unit- 
nothing else to buy 
A departure from the 
conventional type of 
equipment as us^ with 
tank in basement systems 
To keep the expansion 
pressure m the system 
within practical working 
limits even under sudden 
firing methods, as in oil 
burners 

Providing means for 
elastic pressure distribu- 
tion wnthin the system 
Keeping the system 
filled to any desired pres- 
sure, and above all — to 
positively protect the 
boiler 

All of this is achieved in a novel manner 
The combined pressure governing and 
relief feature — which is new 

1. Has no springs 

2. Is governed entirely by physical laws 

3. It cannot increase the setting at any 
time 

4. It tests itself automatically as long as 
there is any water in system 

5. It is responsive to the slightest dif- 
ference of pressure within the system 

6. Absolutely guaranteed to protect the 
boiler 

The filling arrangement is automatic 
and can be varied in pressure from 5 to 
20 lb by adjusting screw 

A large strainer prevents foreign matter 
from entenng system The strainer, valve 
disc and seat can be cleaned at any time 
without losing water out of system 
\^alve and tank supplied in Maroon 
color 

Layout shows simplicity of installation 




CADWELL CONTROL UNIT AND 
VACUUM RELIEF VALVES 



Cadwell No 5 Cadwell No 25 

Control U mi Relief Valve 


Cadwell No. 5 control unit for hot 
water heating system A Feed valve — 
Relief valve — Ball check — Screen and 
Back pressure valve all in one unit 
Feeds to 16 lb relieves at 30 lb 
Cadwell No. 25 pressuie temperature 
and vacuum relief valve tor range boilers 
Self closing, both valves closed by internal 
pressure — not by heavy springs — no stick- 
ing valve seats Diaphragm operated 



Cadwell No 15 
Relt^ Valve 



CadweUNo S5 
Pressure and Vac- 
uum Relief Valve 


Cadwell No. 15 — built on same princi- 
ple as No 5 for relief of pressure only in 
hot water heating systems 
Cadwell No. 35— This Valve is similar 
to No 25 except it does not operate by 
temperature Standard valve set to 
relieve pressure at 150 lb and slightest 
vacuum 
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CADWELL THERMOSTATIC 
AIR VALVES FOR ONE PIPE 
STEAM AND VACUUM 
SYSTEMS 



Bottom OiUht 1h<>^ Lvtif 

*h and ii-iH 
and >1 A. ‘s-j« 


Cadwell No. 10 positive *ulu>n (oi 
radiators, non -vac uu in, oiir best all inel<il 
s} phon dir valve 

Cadwell 10 S.S. same as No 10 except 
straight shank lor venting rctuin lint's, etc 



C ad Will No 50 

Bottom Outlet Angle Type 

\i-tn and X x 


“PERFECTION” 

FLOOR AND CEILING PLATES 



Ao i 



No 3K 


No. 1 -Sectional floor and ceiling plate 
('ast iron or Riass--! in flange — si/es 
' s in to 12 m 

No. 2 Same as No I with set screw 
instead ol springs 

No. 3 '-Hinged floor and ceiling plate 
('ast iron or Brass -1 in flange— si/es 

s in to 4 in 

No. 3A — Same as No 8, with set screw - - 
si/es ' 1 in to 4 in 

No. 3 S.— Solid floor and ceiling plate, 
cast iron or brass I in Flange with or 
without bct screw — bi/es in to 8 in 

No. 6— Sectional floor and ceiling plate 
cast iron or brass — 1 in flange — with set 
screw 1*1 in high — si/c in to 4 in. 

No. 6 A -Solid floor plate cast iron or 
brasb - .si/c * i to 5 in -with or without 
sel screw 

No. 7 -Same as No 1 -But with I ' 2 m 
flange Si/c 3 2 m to 4 in 

No. 9 Same as No 1 but with 2 in. 
flange si/c *2 »n to I m 



No. 50 Diaphragm operated vacuum air 
\ dives, closes cfliciently against the escape 
of steam or vacuum l^arge closing suriace 
ol diaphragm, through nickel silver pm 
lorces check ofl seat with every close of 
mam valve by steam or vacuum, positively 
preventing sticking of valve Ecjuali/es 
the system — port can be increased in size 
to take care of distant or sluggish radiators 
Nickel silver pins are used in all Cadwell 
air valves to prevent corrosion 


No. 10 — The original No 10 — Perfec- 
tion -1 in flange- -si/e H m to (i in 
Can be lurnished in grained oak finish 
No. 11 — Same as No 10 but with set 
screw' 

Note: — No 10 type Copper Service 
Tube Plates — Js in to 2 in tube sues 
All plates can be furnished m plain, 
nickel or chromium plated finishes, as 
specified 


Complete Catalog Upon Request 
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^ar nes s jones 


129 Brookside Avenue, Jamaica Plain, Boston, Mass. 

New York Office* 101 Park Avenue 

Barnes and Jones Vapor and Vacuum Systems of Steam Heating; Modulation 
Valves, Packless Quick Opening Supply Valves; Metering Orifice Supply Valves; 
Thermostatic Radiator Traps and Cage Units, that provide instant trap repair; 
Thermostatic ' Traps for medium and high pressuies; Condensators (Boiler 
Return Traps); Float and Thermostatic Traps; Strainers, Damper Regulators; 
Gages; Proportionator Systems with Zone Control. 


Modulation Valves Type K 

With non-larnish- 
able indicating dial, 
non-nsmg stem, re- 
newable disc seat. 
Tail piece extra- 
heavy to prevent 
breakage — extra- 
long to facilitate 
connection to radi- 
ator Three models 
lever handle, "viheel handle and lock shield 


Cap SqFtRad ^ 

(S ounces pressure) 



3/4 In 

1 In 

VA In 

1 60 

100 

180 



Condensators 

For returning water ol condensation to 
boiler from open return line systems in- 
dependently of boiler pressure, without 
change in operating conditions, air binding, 
or admitting steam to return side Simple 
and rugged in construction, positive in 
operation All working parts are of best 
bronze metal 


yo 32 Condensafo) 


No 

Capaaty 
ui Sq Ft 

31 

700 

32 

1,600 

33 

3,500 

34 

6,000 

35 

10,000 

36 

16,000 

37 

32,000 


Thermostatic Radiator Traps 

The Cage Unit, HHHIHOIlHi 

complete operating 

unit in itsell, carries ^ 

its own beat ot 

special alloy ('ah- \ 

brated under actual ]■ 

w'orking pressure at ^ 

the factory and per- 1 

niancntly lockerl in j 

adjustment Unit 

easily and quickly leplaccd without special 
tools, lift out old unit and insert a new one 
Available m sizes to fit almost any make of 
trap 


Packless Quick 
Opening Valve 
Type F 

Non-nsing stem 
and renewrable disc 
seat Large un- 
obstructed passages 
to prevent trouble 
from dirt or scale 
F urnished with 
w'heel handle only 


I20| 12 

124 134 13 

Yz" Vz" 

w w 
200 200 

ill 


Inlet Tiwping 
Outlet TappiM 
Capacity SqFtC I Rad 


Capauties based on I ' j pouiuls i>r( ssiin dilliuc ntuil 


m 

j. 


^ Float and Thermostatic Traps 

c I 

h'or use on Unit 1 1 eaters, 
also drips liom supplv 
mams and risers and on 
returns Ironi water 
heaters and indirect 
blacks Float controlled 
Drip Jype valve governs discharge 
ot water, thermostatically (onlrollcd val\e 
allows passage oi all ol air but prevents 
passage ot steam Made with ^4 in , 

1 in , IJi in , and ui tappings C'a- 
' pacities 200 lb to 1200 Ib ot water per 
hour at 2 lb pressure ilillercMil lal 

“ ' Combination 

float and ther- 
mostat ic traps 
with air and 
water capacity 
large enough to 
take care ot the 
load from the 
Heavy Duty Type largest vent 
stacks, dry kiln coils, hot water healers and 
other units condensing large quantities of 
steam at low pressures Made in sizes 
from 1 to 2 in Capacities to 14,000 lb of 
water per hour 2 lb pressure differential 
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Davis Regulator Company 

2519 South Wiibhlenaw Avenue, Chicago, 111. 

Sales Representatives in Principal Cities 

Manufacturers of Automatic Valve Specialties for Pressure and Flow Control 



No 3,W 



No. 15 Pressure Regulator - llm- 
veiSiill> used in vapor, vacuum and low 
prcssuie licatinj^ systems Has deep 
walct seal, inlet changeable cliaphiagm 
head and no packing ho\ (ilobe and 
expanded outlet patterns 
No. 13 Pressure Regulator A 
(oinpact sell -coni allied valve lor steam, 
air and gas lias built -in strainei, 
closes light Maintains i eduction 
regarillcss oi circulation Recom- 
mended lor conditions retpming less 
than lull pipe capat ity Si/cs ^ s i o 

No. 14 Pressure Regulator - Will 
maintain «i constant retluccd pressure 
iitilamod disc is not allected by high 
pressuie lluct nations I las spring loading 
and inten haiigeable diaphragm head 
Pump Governors ('onstant Pres- 
sure and Ivxc'css or Difleiential Pressure 
(lov(‘inors arc of similun constiuction to 
the No 1 1, diaphragm oi piston actu- 
ated Vacuum Pump (aiv'ernors are 
countei weighted an<I diaphragm act uat cd 
No. 230 Damper Regulator- -A 
sensitive instrument tlesigncd to operate 
damiieis, valves, or tiny mechanical or 
electncal device dependent on pressure 
or tempeiaturc chances 

No. 93 Solcnoia Valve -A single 
seated, tight cdosing, electrically operated 
How C'ontiol Valve For steam, water, 
air, gas and other tluids 
Made to either open or 
close when cncrgi/ed AC or D C 
Motor Operated Valves- Suited 
to 70110 control ol heating systems or 
other, gradual action electrically oper- 
ated flow c'ontrol problems 
No, 80 Back Pressure Valve — A 
double ported, sc nii-ba lanced valve 
lor iiiaiiUaining pressure ol 20 Ib or 
less lirass seats and iron disc pre- 
vent slicking A patented construc- 
tion Globe pattern may be used 
hon/on tally or vertically Angle 
pattern made to order 
No. 70 Steam Trap — 

Continuous Flow Type — 

Duplex balanced valves give 
large capacity. Works on 
any pressure Will dis- 
charge into a vacuum line 
No. 75 Strainer— “Y” 
type, self-cleaning. Other 
types for suction and pres- 
sure lines 

No 70 
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C. A. Dunham Company 


Administrative and General Offices 

450 E Ohio Street, Chicago, III. 

Factories M\rsh\llto\\s. Io\V 4, MicHir.\M Cm, Ind , Toronto, Canvdv, London, En(.i vnd 


C. A. Dunham Co , Ltd 
1523 Davenport Road, 
Toronto, Ont , 

SALES OFFICES 
Aekon, Ohio 
Alb\nt, N Y 
■Vllbntovn, Pa 
A.tl^ntii, Gk 
Baltimobe, Md 
Bangor, Me 
B muiNGHAM, Ala 
Boston Mass 
Buffalo, N Y 
Champaign, 111 
Chattanooga, Tbnn 
Chicago, III 
Cincinnati, Ohio ^ 

Clarksburg W Va 
Cleveland, Ohio 
Dallas, Tbkas 
Davenport, Iowa 
Denver, Colo 
Des Moines, Iowa 
Detroit Mich 


G. A. Dunham Co , Ltd , 

(of the United Kingdom) 
Morden Road. London, S W 19, Fncland 

SALES OFFICES 
Philadelphia, Pa 
P lTrSHURGH, Pa 
PLATT bBURGlI N Y 
Portland, Ord 
P oUGHKEiPblli , N \ 
Providence, H 1 
Hk'hmond, Va 
H 0CHli.hTKK, N Y 
St Louib, Mo 
Salt Lake C’m , h tah 
San Antonio, Tlvas 
San Fuancisco, Calif 
Seattle, Wash 
Springfilld. Mass 
UACUSH, N \ 

Tampa, Fla 
Toledo, Ohio 
Trenton, N 1 
Washington, D C 
Wichita, Kan 



Dlluth, Minn 
El Paso, Tfvas 
Grand Rapids, Milh 
Gheenvillii, S C 
Harrisburg, Pa 
Houston, Texas 
Huntington, W \ a 
Indianapolis, Ind 
Johnstown, Pa 
Jolilt, III 
Kalispell, Mont 
Kansas Cmr, Mo 
Kingston, Pa 


Little Rock Vuk 
L os \ngeles, Calif 
Louismlll, Ki 
Memphis, Tlnn 
Milwaukee, Wis 
Minmeapous Minn 
Missoula, Mont 
Newark N J 
New Haven, Conn 
New Orleans, La 
New \ork, N Y 
Oklahoma Cm, Okia 
Omaha, Nbbr 


Over eighty sales offices m the United States, Canada and the United Kingdom bring 
Dunham Heating Service as close to >ou as your telephone These representatives are 
available for engineering counsel in correct selection of Dunham Systems and Appliances 
for any type of building The accumulated expenende of the entire Dunham Organi- 
zation IS put at the disposal of the Heating and Ventilating Engineer This cooperation 
is available for Modernization Woik, as well as for new construction m industrial, com- 
mercial and other projects 

The Dunham Differential Vacuum Heating System is a two-pipe steam heating 
system which conhnuously distributes steam at a variable rate equal to the heat loss 
from the building It provides control of building temperature without resorting to 
“on” and “off” circulation of steam 

It governs the heat output by variation of both the steam temperature and steam 
volume within the radiator The variation in steam temperature goverm the heat output 
from supply piping as well as radiation Since supply piping output ranges from 10 per 
cent to 25 per cent of the entire output of the heating system, this added control not 
only adds to the precision of building temperature regulation but also to the economical 
operation of an installation, particularly where supply piping alone is used to heat 
bathrooms, kitchens and other space making intermittent heating undesirable 

When the rate of heat output from a Differential System has been reduced to its 
practical minimum by a reduction m steam temperature and mild weather calls for a 
further reduction in heat supply, the system automatically reduces the volume entering 
the radiators establishing a condition of partial filling 

The Dunham Differential System is adapted broadly tor all classes ot buildings in 
which human comfort, efficiency and health, and low operating costs are to be given 
consideration ^ In its engineenng design it is adaptable to the diversity of building 
requirements including the sub-division of larger buildings into a plurality of heating 
zones 

The system is suitable for use with all types of radiation or combinations of various 
types including unit ventilators It is likewise adaptable for installations having air 
conditioning or ventilation services and may be advantageously used to govern the heat 
input to such services 

Applications include existing as well as new buildings In older buildings which are 
unsatisfactonly heated, engineering standards are modified to give maximum improv e- 
ment in heating service in relation to investment The Differential System may be 
economically applied to existing two-pipe steam heating installations anti to one-pipe 
steam systems The cost of “change-over" installations vanes with the type of heating 
system already in service 

The pnmary function of Differential Heating is to maintain, within buildings, healthful 
heat-comfort and satisfactory winter air conditions not obtainable with other steam 
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heatmji s>&Leiiis Success in this iuncticm, howe\ei, has eliniuiated the waste o( mild 
weather oxerheatiriLi: (which is inevitable with uncontrolled installations) This lesults 
in substantial steam and lucl ccorioiiiicb 

We will gladly coopei.ite w'lth architects, consulting enginecis and contractors in 
supplying dtita as the basis lor the surveys upon which niodeini/mg iccomnieiidations 
can be made to clients 

DUNHAM DIFFERENTIAL VACUUM HEATING 

1 The Dunham Differential Vacuum Heating System for High Duty— This is a 
two-pipe system giving excellent room temperature control and winter air con- 
ditioning The pressure, the temperature and the volume of steam in circulation are 
vaned under a control which is a normal function of system operation The wide 
range over which the vacuum and quality ot steam in the radiators is regulated (from 
atmosphere to 25 in ) establishes correct rates of heat emission with radiators either 
complete or partially filled as required A continuous valuation of heat requirements 
under positive temperature control may be secured through nine thermostats in a 
building, or zone of a building The High Duty Differential System is a functioning 
part of the Dunham Average Temperature Control System 

2. The Dunham Differential Vacuum Healing System for Low Duty — The design 
of this system embraces equipment of the same general type as used in the High Duty 
System Its fuel economy closely approaches that system but it does not claim the 
same preciseness of temperature control as characterizes the High Duty Sj^tem. 
However, the principle of control is the same as in that system, the radiator tempera- 
tures are varied and radiators may be either completely or partially filled according 
to the heat loss requirements The vacuum, however, is limited to fifteen inches 
The Low Duty System can be very effectively related to existing buildings in changing 
over ordinary vacii um return line systems to 1 )iffercnlial operation One or more ther- 
mostats coupled with Dunham Heat Balancer may be used with a Low Duty System 

3. The Dunham One-Pipe Vacuum Heating System with Sub-Atmospheric 
Steam — In this system the range of steam temperatures and pressures is ample to 
give great flexibility ot operation in the lower range of vacuums This system is 
designed primarily to enable owners of existing one-pipe systems to obtain the 
benefits of the Dunham Differential Vacuum principle oi operation by rearranging 
the system to operate on that principle The change-over can be made without 
extensive cutting of floors or walls Systems having air line will usually require no 
such cutting 

Dunham Line of Pumps for Differential Vacuum Heating 
Systems and for Vacuum Return Line Heating Service 

The operation ol llichc puniiis is characterized by a quietness which is outstanding 
Their use f onliibutes to this essential ol satislactoiy heatini' (juielness They provide 
a vac uuni-prodiK im» ine<ins ol great eflcc'tivciiess which is iirovcd in its ability to perloi m 
consistently o\er long periods 
with mmimuin ol attention and 
maintenance 

The unit combnios added re- 
finements ol construction in- 
cluding ball bearing centrifugal 
pump ol improved design and 
discharge valves ojicrated by a 
power! ul mechanism 

The pumps are built in eleven 
sizes Ttinging from capacity ol 
2,500 to 150,000 bfj It ol ladia- 
tion inclusive 

These pumps fulfill t he adopt cd 
standard for the Amkrican 
Society of Heating \nd Vi- n i i- 
LAiiNG ENfiiNEi-Rs aiul likewise 
the requirements ot the Vacuum 
Return Line Heating Pump 
Manufacturer’s Section ol the 
Hydraidu InMiite Pumps to 
meet special recjuirements wnll be 
supplied 



“/>Y” Serm Pump/or Dunham DiJSerpnhal Va(uum Hiatiny Systm 
“ YR" Serm Pump for Dunham Vm uum Return Line Heahnq Rorme 
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Heating, Industrial and Power Plant Piping, Fittings, Hangers, 
Valves, Pipe Bending, Welding, Piping Supplies, Etc. 

Executive Offices: Providence, R, I. 

National Distributors of Thermoflex Traps and Heating Specialties 

For data on other Grmnell Products, see pages 


Thermoflex Specialties 

The heart of all Thermoflex Traps is the 
Hydron Bellows 

The Hydron Bellows is formed under 
hydraulic pressure This powerful internal 
pressure locates any weakness of any 
nature in the tubing Such hydraulic pres- 
sure is many times more severe than any 
pressure the Trap will ever be called upon 
to control Every Thermoflex Trap, there- 
fore, is practically indestructible. 

Thermoflex Traps have an exceptionally 
large orifice. This large orifice combined 
with high lift, insures fast action and 
freedom from clogging 

We supply Thermoflex Traps guaran- 
teed ior steam pressures of 25 lb, to 50 Ib 
and to 125 lb Complete information and 
details of typical installations ^ill be gladly 
sent on your request Ask for Catalogue 
on Thermoflex Heating Specialties 

Valves, Traps, Gauges, Etc. 

The Thermoflex line includes Radiator 
Traps, Offset Traps, Blast Traps, Drip 
Traps, High Pressure Traps, Vent Traps, 
High-grade Packless Inlet Valves, and the 
Thermoflex Alternator, Thermoflex Com- 

E }und Gauge, Thermoflex Damper Regu- 
tor 

No. 12 

Thermoflex Radiator Trap 



The full eight-fold Thermoflex-Hydron 
Bellows IS guaranteed because of the 
Hydron-forming process Body is heavy 
bronze construction throughout, with 
renewable seat 

Fully nickel-plated with highly polished 
trimmings The No 12 is made in angle 
and in comer patterns, with ^ in inlet 
and 14 in outlet tappings The inlet neck 
IS double thick to allow for expansion 
strains Guaranteed for steam pressures 
up to 25 lb 


Thermoflex High Pressure Traps 



The No lOOA Thermoflex Trap is guar- 
anteed for steam pressures from 50-125 
lb Must not be used where the steam 
temperature exceeds 400 ®F 
For use with all types of process work, 
Laundry Machinery, Kitchen Equipment, 
Hospital Sterilizers, Vulcanizers, Dry 
Kilns, Unit Heaters, Street Steam Service, 
etc , in fact any place that a trap is 
desired for service at the above pressures 
Small, compact and inexpensive 
Extra heav> body Renewable nickel 
steel seat and disc Bellows made from 
special bronze tubing and encased in brass 
sleeve to prevent distort ion due to pressure 
Regularly furnislied without unions, 
plain nickel finish Can be furnished with 
unions, polished nickel or chromium plated 
at extra cost 

No. 4 Thermoflex Drip Traps 



Used for dripping mams, risers, coils and 
unit heaters Semi-steel body, bronze cap 
and inserted renewable bronze seat, angle 
pattern only, without unions Can be 
used for any general purpose where a 
finished, nickel-plated trap is not neces- 
sary, and at a lower cost Guaranteed for 
steam pressures up to 25 lb 
See also Pages 966-968 
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William S. Haines & Company 

12th and Buttonwood Sts , Philadelphia, Pa. 

Manufacturers of Equipment for Vapor and Vacuum Heating Systems 


PRODUCTS — Haines Vento Radiator Traps, 
Medium Pressure and Blast Type Traps, Com- 
bined Float and Thermostatic Blast Traps, Air 
Eliminators, Heavy Duty Float Traps, High 
Pressure Traps, Boiler Return Traps and 
Packless Inlet Valves and Modulating Supply 
Valves. 

All Haines Traps, whether designed for pressures 
below atmosphere oi piessureb in e\cess of 100 Ih 
per sciuare inch, employ as their operating member a 
specially const luctcd Bourdon Tube the principle 
that actuates the slc«iin gage 



/fatn«« Tkermo$talu Trap 


The tube is of tempered steel It is charged with a volatile fluid and hermetically 
sealed It is the expaiibion and contraction of the fluid, under varying temperatures, 
that lurnishes the operating powder 


The tube is mountcil vertically on a horizontal valve motion The end opposite 
the valve is anchoicd so that the travel of the tube either opens or closes the valve piece 


The thermostatic member is outboard the valve seat and closes the valve against 
the flow of steam This aiiangement prevents fouling of the trap due to scale or other 
foreign matter and [lerimts a thorough draining of the unit to which il is attached 


THERMOSTATIC TRAPS 

Haines Thermostatic Traps are constructed to endure, as well as to ojiciate 
efficiently, in si/es ranging from J 2 to 1 m They are thoroughly msiiected and proved 
in our test laboratory under operating conditions to insure their serviceability 



Hatna Modulating Valve 


MODULATING VALVES 

Haines Modulating Valves are permanently [lacked, 
furnished with a genuine Jenkins Bros valve disc Its 
modulating features permit varying the amount of steam 
admitted to the radiator 

They seat tightly and open full area on less than a complete 
turn Furnished in Lever, Round Handles or Lock Shield 
type The body is made of heavy brass, nickel plated with 
polished trimmings 

Made in sizes from H to 2 in in angle, straightway or corner 
patterns 
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Hoffman Specialty Co., Inc. 

General Sales Department 
500 Fifth Avenue, New York, N. Y. 
Mam Office and Factory Waterbury, Conn. 

Sales Representatives in Principal Cities 


Manufacturers of Adjustable Port Radiator Ventin^i Valves, Quick Vents and 
Air Eliminators for One and Two Pipe Steam and Vacuum Systems, Hoffman 
Supply Valves, Traps and Basement Specialties for Controlled Heat Systems 
and Hoffman-Economy Vacuum and Condensation Pumps. 



Hoffman offers a complete line of Radiator Air and Vacuum 
Valves and Quick Vents for every venting purpose on One or Two 
Pipe Steam Systems The entire line of radiator venting valves 
IS equipped with the Six-Speed Adjustable Orifice Venting Port 
Ollustrated at left), making it possible to balance the steam 
distribution in One- Pipe Steam Systems accurately, by increasing 
or decreasing the rate of venting of each radiator, which controls 
the flow of steam into that radiator 

SIPHON AIR VALVES 

The Nos 1, 70 and 71 are used for venting radiators on One or 
Two Pipe Steam Systems, and the Nos 4, 5 and 75 are used in 
conjunction with these valves for venting steam mains, risers 
and other quick venting services 



OPERATION OF THE No. 1 VALVE 

One of the vent ports is always open, regardless ol the port 
adjustment The larger ports allow a more rapid rate of venting 
than standard and the smaller ones a slower rate of venting and 
thereby control rate of steam flow into the radiators 

When steam reaches the float, vaporization of the heat sensitive 
fluid within the float expands, with “snap” action, the flexible 
diaphragm forming the float base and raises the valve jJin to its 
seat, thus preventing the passing of steam. 

Whenever air reaches the valve, its lower temperature reduces 
the fluid pressure within the float The diaphragm contracts and 
the port is opened for the escape of the air 

Should water surge into the valve, the float raises by its buoy- 
ancy thereby forcing the pm to its seat and preventing the escape 
of water through the vent port As soon as water drops below the 
valve connection, air must enter the float chamber before the 
water can run out Air enters through the valve connection and 
passes up through the air channels in the double shell construction 
to the top of the valve. As the air enters it displaces an equal 
volume of water through the siphon connection and allows the 
float to drop and open the vent port, allowing the air to escape 


VACUUM VALVES 

The Nos. 2, 77 and 78 Vacuum Air Valves operate 
on a similar pnnciple as desenbed above, but in 
addition feature the Hoffman Double Air Lock con- 
sisting of the vacuum check and vacuum diaphragm 
These valves are used on One Pipe Vacuum Systems, 
and for venting the ends of steam mains or heating 
risers, where it is also desired to prevent the return of 
air into the system, the Nos 6, 16 or 76 Float Vacuum 
vents are used 
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HOFFMAN CONTROLLED HEAT 



A Honman Coiitiollcd Heat Sy&tem conbists ol the 
No 7 Adjustable Orifice Modul.itin^ Valve on the supply 
(‘lid o( the radiator, the No S-A Thei inostat ic Trap on 
the return end and cithci <1 IIoll man Ditlerential Loop (for 
(oal-fiied installations operatimj at pressures up to 
S ounces), ora Hoiler Ketuin Tia[) where higher piessures 
aieenc ounteied, loi icluining the condensate to the boiler 

SUPPLY VALVES 

Hosides the No 7 Adjustable Oiifice Modulating Valve 
the Nos 37 and 17 series represent a complete line of 
I*«icUless Supply Valves that meet the exacting requiie- 
ments ol architects .ind engineers 


THERMOSTATIC TRAPS 

The line ol Hollows Type 'riieiiiiostatic Trajxs, with 
hydraulically foimed *ind tested bellows, consists ol the 
Nos, 17-A, IS-A, S-A and 9-A, and aic principally used 
for low' piessure steam oi v.itxM systems These tiaiis 
have nominal < .iiiacities liom 200 sii It up to 000 sij It 
of radiation 'Fhe Nos S-A .iiid 9-A have renew*d)le 
elements, whu h combine the thermostat, valve pin .md 
renewable seat into a single unit 
The No lO-A Hollm.in Ti4ip, wdiich isec|inp|)cd with 
watei hammer piool bellows, 1 m connection, has a 
nominal capat ity of 2S(K) s(i It 
The Nos S and 9 Tiaps have a thci niostatic element consisting of thiec chambers each 
having a tof) and bottom diaiiluagm These chambers are all joined together and the 
complete thci niost<itu member is housed in a cage and is not alLiched to the valve body 
or cap This allows the thcimostatic element and valve pin to be easily lemovcd and 
replaced without *idiust merit These traps niiigc in si/es fiom '^s m to 1 in , are medium 
pressuie tiaps, and aie icxommended where piessures up to 50 lbs are encountered. 

The Nos 2()-A and 21-A High Piessure Traps .ire equipped with waterhammer proof 
bellows and integral strainer, loi use on pressiiics up to l()() Ihs Available m :*iJ in. to 
1 in connection 

DRIP AND HEAVY DUTY TRAPS 

Wheie huge amouiils ol condensation aie encountered, 
il IS uxonuiiended to usc‘ one ol I he lloal and ihcrmostatic 
tiaps, winch aic .iv.ul.ible with oi w'lthout the thermostatic 
(‘lenient These tr.ips are available m large ca()a< ities and 
aie mainly used lor venting and dnpiimg risers, steam 
mams, unit healeis, blast toils, etc 


VACUUM AND CONDENSATION PUMPS 

The Hutlman-luonoiny line ol V.iruum and Condensation Pumps oflers a dependable 
method of economically leturiimg the condensation from larger heating systems to the 
boiler These pumps aic made m single and duplex units, for varying capacities and 
pressures 

HOFFMAN SALES AND SERVICE 

Hoffman Products are sold and stocked by leading wholesalers of healing and plumbing 
supplies everywhere HoHman leprcsentativcs are available to assist in selection of 
suitable equipment for various services 
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Specialties, Heating 


ILLINOIS 


General Offices 
and Factory 

Chicago 


ENGINEERING 



COMPANY 


Branches and 
Keprcsen ta ( i\ cs 
in Print ipel C'ities 


Illinois Thermo Radiator Traps 


Illinois Combination F & T Traps 



Series G 


Illinois 
Thermo Ra- 
diator Traps 
for vacuum, 
vapor and 
low pressure 
heating sys- 
tems Has 
cone type 
valve 
Flushes thoroughly and seats perfectly at 
all times Valve and seat are of Nitralloy 
The duplex diaphragm is of special phos- 
phor bronze Scientific design and rugged 
construction assure flexibility and long life 
These diaphragms have withstood over 
three million strokes on a breakdown test 
Made in three sizes H m , J4 in and 1 in 
and in a variety ol patterns 
Special thermostatic traps can be fur- 
nished lor >\orking pressures up to 125 lb 


Illinois Thermo Radiator Trap 

The Original 
Vertical Seat 
Trap Selfclean- 
I ing, non-adiust- 
able Positive 
I and sensitive 
in operation 
Thousands in 
use for over 
fifteen years 
without diaphragm replacements Fur- 
nished in all sizes and patterns 



Series T 


Illinois Modulating Supply Valve 



Quick-opening, 
packless Steam 
tight on 50 lb 
pressure Large 
diameter of thread 
spool and machine 
cut threads make 
valve operation 
easy. Furnished in 
a complete line of 
sizes and patterns 



Series 7C 


Unsurpassed for 
draining ventilating 
units, unit heaters, 
and for dripping 
mams and risers — 
wherever it is desira- 
ble quickly 1 o vent air 
from the mam as well 
as handle the water of 
condensation in 
quantity, whether 
hot or cold 


Illinois Combination Trap 

This is the heavy 
duty type similar in 
operation to the GG, 
7(i, and 8G traps 
Scries 30 traps are 
available in a complete 
range of si/es They 
are eqmpiicd with sep- 
arate thermostatic by- 
pass and arc iiirnished 
w here specifical ions re- 
quire this type, or 
where capacities are 



Senes 36 


beyond the range of the OC 7G or SG 


Illinois Return Trap 

Automatic- 
ally returns 
the condensa- 
tion to the 
boiler, regard- 
less ol i)ressure 
on the boiler 
up to 8 lb , at 
the same time 
d ischarging 
the air Insures positive and complete 
circulation, and prevents cracked boiler 
sections 

Trap is self-contained, with no external 
working parts to be misadjusted, tampered 
with or injured. No stuffing boxes or 
packed joints, which insures continuous 
tightness against air or water leakage 

Write for Bulletins 
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Specialties, Heating 


ILLINOIS 


(Tcneral Ollires 
and iMClorv 


Chicago 


ENGINEERING 



COMPANY 


Branches and 
Reprcseniat ivcs 
in Principal Cities 


Illinois Thermal-Zone Control 

rVevcntfa over- 
heat iin» and fuel 
uasto in larjic 
l)iiildint»s or 
groups of 

1) u 1 1 d 1 n (T s 

licatcil from 
one central 
power plant 
Builduit>b ina\ 
be zoned as to 
occupancy, tune, location, 
exposure and so on In 
many insl a Hal ions 1 Ills valve 
has iMid for itself in one 
heat in j» hC*ison 

Illinois Keducinfi Valve 



Illinois Steam Trap 



Series SO 

\Mi * diawine ()i < ullini> ot 
u li < h <irc ol Monel metal 


Val\e and 
stem are 
separate 
from the 
bucket and 
opei at edonly 
by the bucket 
at the e\- 
1 1 erne top 
and bottom 
of 1 1 .1 V c 1 - 
result - valve 
li always 
either I ul I 
open or ti^hl 
dosed N o 
\aKe <uid seat 



In ^cncial use on 
vacmiiu or low pres- 
sure heat in t> systems 
Will leduce to 4 o/ 
piessure Iroiii an in- 
itial picssuie of 150 H) 


' ' V ^ laii>e diaphrai^ni 

-jJL... * iiiburcs sensit i\ c opera- 
lion Made in both 
} stiaii*htway and ex- 

pan(lc<l outlet Iiodies 
in sizes from H in to 12 in 


Master Type Pressure Regulator 

boi exact inj^ re- 
(|uiienients, such as 
tiie and nibboi viil- 
cani/inj», chemical 
jirocess piessure 
contiol, and wlier- 
evei hij?h piessure 
steam must he ac- 
curately leduced in 
v<irvmj? amount to 
any steady lower 
lircssuie not less 
than 10 11) 

It will reduce 
initial pressure up 
to 300 lb down to any lower jiressiire not 
less than 10 lb , and does not build up 
pressure on a closed or dead end line 
Made of bronze with monel metal valves 
and seats 



Eclipse Spring Controlled 
Regulating Valve 



/’»g isi 


F iirnishccl in eiLhci single 
scaled or double sealed type 
as the service conditions re- 
qiuie, ior the contiol of 
steam, air or gas Con- 
trolling sjiring IS completely 
enclosed, protcctmg it trom 
(hrt and rust Valves are 
iurnished with the pioper 
size diaphragm and the 
proper length spring to give 
satislactory service undei 
all operating additions 


Steam and Oil Separators 

Echiisc steam sepa- 
ratois are made m both 
horizontal and vertical 
tyi)e, and also the 
special receiver sepa- 
rators for standard or 
extra heavy iJiessuies 
Eclipse oil separators 
are furnished m the 
horizontal type and 
have a removable badle 
plate to facilitate clean- 
ing of baffle and keep- 
ing the separator’s effi- 
ciency at the highest point 

Write for Bulletins 



Vertical Standard 
Separalon 
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Specialties, Heating 

Kieley & Mueller, Inc. 

Lstabltshed 1879 

Engineering Specialties for Pressure and Flow Control 

34 West 13th Street, New York, N. Y. 

Factory NEWARK, N J 
Agents tn All Principal Cities 


PRODUCTS — Valves: Altitude, Stop and Check, Pressure Regulating, Float, 
Pilot Reducing, Back Pressure, Tank Control. 

Liquid Level Controllers, Water Feeders, Pump Governors, Steam Traps, 
Y-Type Strainers. 

Also Damper Regulators, Hot Water Temperature Controllers, Oil 
Separators, Steam Separators, Return Traps, Water Columns, etc 

Catalogs sent upon request 



Pressure Regulating Valve 

spring and lever weighted valves for all 
services and for initial pressures up to 250 
lb. and reduced pressures from 0 to three- 
quarters of the initial pressure Single or 
double seated in sizes Jg to 16 in Suitable 
for steam, water, air, oil and gas Con- 
trolled by a small feeler pipe connected 
from diaphragm to low pressure side 

Steam Traps 

Large capacity, 
small sized inverted 
bucket traps , q uick- 
actmg, self-cleaning 
and non-air bind- 
ing Sizes Jg to 2 
in Pressures up to 
250 lb. Body and 
cover, semi - steel 
Valve and seat, 
stainless steel Re- 
movable cap allows 
inside inspection or 
replacement of 
valve parts without 
disturbing pipe connections (All parts 
are interchangeable). 



Back Pressure and Atmospheric 
Relief Valve 

For use where plant is operated either con- 
densing or non-condensing Outside air 
dash pot insures noiseless operation 
Maintains exhaust line back pressure from 
0 lb. to 25 lb Made horizontal or vertical 
lever and weight or spring operated 



For the accurate control of liquids in tanks 
or other vessels, suitable for use in in- 
dustrial plants, gasoline plants, refineries, 
etc Direct connected or remote control, 
ball bearing spindle and easy-to-pack 
stuffing box rotary or sliding valve 
Write for special bulletin C-3 
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Specialties, Heating 


J. E. Lonergan Co. 

207 Florist Street, Philadelphia, Pa. 

Pop Safety Valves; Relief Valves; Steam Gauges; Hydraulic Gauges; 
Air Gauges; Water Gauges; Pressure and Temperature Gauges; Test 
Gauges; Gauge Boards; Oil Gauges; Clocks; Counters; Gauge Cocks; 
Steam Gauge Syphons; Lubricating Specialties. 



Model GV — Vacuum (}auge Gauges 
graduated to 30 in vacuum Ten sizes, 
2}^ to 10 in dial 

Model BLGR — Gauge lor indicating 
height of water in feet Graduation 70 ft 
Three si/es, 3' 2 , 4H ^nd 5 in dial 


Modd "CV”’ 



Model ‘‘BLOB'* 



Model ' (JLr 


Low pressure, 
Iron Body, Brass 
Mounted 
Set to blow off 
at 10, 15, 20, 25 
or 30 lb 
Five sizes-2 
to i}4 


Special V aK e loi 
\a( uum 1)1 caking 
Six bi/cs, } 2 It) 
2 in 

Posit i\c m Its 
act ion 



Moder^W' 


Relief Valv e 
Snifter, Water 
or Cylinder — 
Bronze 

Recommend- 
ed for steam en- 
gines, pumps, 
pipe hues, etc 
Ten sizes, H 
to 4 in 


Oil Relief Valve 
Sizes to 2 in 
For use on oil 
burning systems 
Has large reliev- 
ing capacity 



Modd^ORV' 



Model ^ Wit V' 


Model WRV Watei Reliel \aKe lor 
tank service 

Si/cs * 2 and *1 in 

Model IIIII) Pop Salet> Wilvc A S - 
M E “House Heating Boiler 
Standanl piessurcs, 5, 10 and 15 lb 

CATALOGUE 

Write for our new 100-page cata- 
logue, describing and illustrating 
the complete “Lonergan Line" or 
ask us about specialties m which you 
are interested 



Model **}nfD^* 
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Specialties, Heding 


Milwaukee Valve Company 

Milwaukee, Wisconsin 

Manufacturers of a complete line of Heating Specialties for vapor, vacuum 
and gravity heating systems. Each item is scientifically designed, accurately 
machined and thoroughly tested before final approval. MILVACO engineers, 
located in principal cities, from coast to coast, render an intelligent, courteous 
service to architects, engineers and heating contractors in the design and 
installation of modern heating systems. 



^ Fig No 215 Radiator Packless Angle 
Valve Highly polished nickel plated 
bonnet, tail piece and nut Body nickel 
plated rough finish Available in chrome 
finish and lock and shield pattern Sizes — 
in to 2 in inclusive 


Fig No 200 Radiator Packless Angle 
Valve, Lever Handle, (iraduated Finish 
same as No 215 Milvaco Radiator Valves 
cannot bind or stick in operation 
Sizes — in to 2 in inclusive 



Fig No 350-6 Thermostatic 
Trap A single, full-floating 
thermal element closes in the 
steam Distinctive design in- 
sures positive seating accuracy 
aud dependable, sensitive opera- 
tion. Nickel finish rough body 
with polished cover, nut and tail 
piece. Available also in chrome 
finish Made in sizes H m to 
1 in inclusive and capacities 200 
to 1000 sq ft E D R 




Fig No 350-6 As- 
sembly Thermal ele- 
ment IS secured in cage 
Trap cover may be re- 
moved and diaphragm 
assembly lifted out and 
replaced without dis- 
turbing the adjustment 



^ Fig No lOOST 
Straight Through 
Thermostatic Trap 
Recommended and 
especially adapted for 
use in connection with 
convector and con- 
cealed radiation 


Fig No 13-2 Float and Thermostatic Trap Made 
IPniniu capacities ranging from 600 lb to 

8,000 lb of water an hour at a 2 lb piessure differential 
Kecommended for use on industrial heaters, unit 
heaters, vento, blast and dry kiln coils, evaporators, 
etc and other units condensing large quantities of 
steam at pressures not to exceed 15 lb Sizes in 




Miltoaukee Valve Company 


Specialties, Heating 








Fig No 12 Air I^liiiim.i- 
Loi For iai)i<l olimina- 
tion ot air Ironi mams, 
coils or any low piossuio 
system Air is lapidlv 
vented past a che< k v«d\ v 
and through Urge polls 
Float rises to prevent p<is- 
sage of water and theinud 
element closes against 
steam Sensitive, posit i\e 
in operation Ihpe eon- 
ncctioiis Ij m, m, 
and in 


hig No (Jim k \ ent 
l*'oi (|Ui( k venting oi 
mams, hkist coils or an\ 
high point wheie .1 huge 
volume ol an must l>e 
r.ipidly v'enteci <md w<itei 


IS not a lac tot 


<md 


kig No J7 Sediment 
Stramei Pievents pas- 
sage ol (lilt, scale or 
solids lUbily cleaned 
Si/es '2 in to 3 m in- 
(lusive 2 in, 2 *i 3 in and 
3 m si/es have Hanged 
str.iinei cat) 


I 111 si/es 



/•tfl No M-St) 

Fig. No. M-80 Duplev Water Feeder 

A positive me<ms ol iirovidmg ionst«iut 
water level m boileis, ureivmg t.mks, 
steam geneialors or othei appaiatus le- 
(juiring control ol w«ilei level Replaces 
natural losses in (he system and, in addi- 
tion, should the return ot the condensate be 
obstructed, or, il the watt*i is syphoned out 
of the boilei, this leedei not only suiijdies 
water to maintain a ('onstaiil level but also 
discharges e\<‘ess amounts whidi may 
accumulate and be suddenly relieved 

All niechanisni is completely enclosed 
and the operation is entirely aulomatu 
and thoioughly dependable (\ipacity 
ratings Irom l,5(K) lb to 5,500 lb ol water 
per hour 2 in 

For complete detailed mrormation, roughing-iii dimensions, weights, etc. 
consult current condensed catalog of MILVACO Heating Specialties. 
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Fig. No. 85 Boiler Return Trap 

When the heating svstem is working 
iiiidei d vei> low (iiessure or under at- 
mospheric prc-ssine only, this return trap 
ac'ts as a leceiver and an vent When the 
boilci pressuic in< tcas<‘b, (he condensation 
using in the (rap iMUses the float to use 
The float rising automatiially opens the 
steam valve admitting boiler pressure to 
the top ol the (rap, and at the same time 
(loses ihe v^mt valve The piessure m the 
boiler and (rui) is thus ecpuili/ed and the 
w at Cl ol conden- 
sation Hows by 
gravity back to 
Ihe boiler without 
collecting in the 
icMuni mains or 
risers, regardless 
ol boiler iiressure 
When Ibe conden- 
sa t 10 n IS d is- 
charged the float 
drops to the bot- 
tom ol the trap, 
(Opening the vent 
valve and dosing 
lio the st(‘.im v.ilve. 

This action is re- 
pealed as long as there is a ddlerenlial in 
pressure between Ixiiler and return line 
piping 

Operates on any pressure not e\('eeding 
15 11) ('apacilies 1500 sci It and 1000 s<i ft 
ol ladialion Pipe c'onnei'tions Ij‘i and 




Specialties, Heating 


Mueller Steam Specialty Co., Inc. 

349-351 West 26th Street, New York City 

Steam» Water, Air, Oil and G as Specialties for Heating and Power Plants 

Pressure Reducing Valves— Straight Pattern and With Increased Outlet 



No 11 — For Vacuum, Vapor and Low Pressure Heating Systems Initial Pressures, 
up to 200 lb , Reduced Pressures, 0 to 10 lb. 

No. 17 and 21 — For automatic control of reduced pressures on dead-end service, 
requiring a tight closing valve, such as tank heaters, kitchen utensils, sterilizing ap- 
paratus, laundry equipment, kettles, cookers, driers, etc Initial Pressures up to 200 lb 
Reduced Pressures 0 to 160 lb. 

Construct^ with full globe bodies Center guide eliminates the wings on discs, and 
increases efficiency, assures minimum noise and prolongs the life of the scats and discs 
Lever and weight operates on a steel roller bolt, assuring a most sensitive valve Spring 
type fumishea with special long springs for sensitive operation and wide ranges of 
reduced pressures 

Automatic Water Feeders 

With a powerful leverage to control 
the water line in steam boilers, etc. They 
supply make-up water to compensate for 
evaporation, leaks, steam utilized in 
process work and condensation wasted 
Where condensation held up m the 
system eventually returns in large 
quantities, our Duplex type protects 
the boiler against flooding All working 
parts of non-corrosive metal, are accessible without breaking pipe connections Provided 
with an integral strainer. For steam pressures up to 100 lb , water pressures up to 120 lb 

Equipped with low w’ater and pressure Mercoid Tube Switches for all services 



Steam Traps 

Simple, Sturdy and Compact Ball Float 
and Inverted Bucket Steam Traps for 
draining water of condensation from steam 
apparatus and steam mams. 

Powerful leverage enables 
them to take care of large 
quantities of condensation 
Ball Float Steam Traps 
equipped with integral strain- 
er, water gages, air cocks, 
blow-off and integral by-pass 
valve, when desired 

All working parts are ac- 
cessible without disturbing 
any pipes 

Valves are sealed with sev- 
eral inches of water, making 
the escape of steam impossible. 

Catalogue and Bulletins covering our Complete Line gladly furnished on application 
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BaB, Float 

.Vo tl9—Up to 30 lb 
No ttl—Vp to ISO lb 
Sites )4ioSin 



Inverted Bucket 
No 311 — For Pressures 
Up to 350 lb 
Sites yito 3 in 



Specialties, Heating 


Sterling Engineering Company 

MANUFACTURERS OF STEAM AND WATER HEATING EQUIPMENT 
3710 North Holton Street, Milwaukee, Wis. 

Offices in Principal Cities Throuj^hout the United States 
See I'elephone Directory for Local Addressee 



Sterling Bellows Trap No. 7 

Lou piessure thcrnioblatK bellows lrti[) Discliart^es all 
air and wafer Irom radiators and closes tiirhL against steam 
lU'llous arc oi hydron type, with sell-ccrilering valve ol 
slainlchs si cel and sl«iinless sled scat Built in * i and i in 
si/es 


, Capacities and Roughing-in Dimensions 
ot Sterling No. 7 Thermostatic Trap 

Capaiity A B C D 

200sqrt [' 2 " ’ ~ Vz" ^ ~ w/ 

200 sq ft 1/2^ “ ^4" " 3'// I VtT 

400-K(ft 1 31/4'' ’ 1 1/8*^ 

400«iqlt j I v/” 3* P/b" 



IUMmmJ 


n a e 00 
4 '4 Jh (J* 
V. % \ 1% I'h Z 


IVo I hat* will \diusUiblt llutUl 



Sterling No. 22 Bellows Fadeless Radiator Valve 

The No 22 Valve employs a hydron bellows with patenlcfl 
*int i-torsion teat me that makes valv e everlasting Valve is ol 
disk type C’omplcte details in Bulletin 2Iil-A 


Dimensions, Inches 


B 

C 

E 

' " 2% 

2V^ 

n'.r ' 


I^I. 

m 

3 

I«/2 


3V2 

1% 

3-^16 

4'/4 


3% 


Cap , Sq Ft 
Radiation 




Sterling Boiler Return Trap 

Alternately accumulates condensation from Sterling Vapor 
Ideating Systems and returns it, against pressure, to boiler Auto- 
matic in operation, positive in action Contains no springs or 
stufiing boxes Will function against boiler pressures up to 20 lb 
Four types, for 2500, 4000, 8000 and 16,000 sti ft radiation 

Sterling Float and Thermostatic Trap 


Low prcssuic traps for unit heaters, steam kettles, blast 
coils and mam drips, seven bi^es No 71 and 74 are small 
and compact units for handling condensate of unit heaters 
Nos 75, 78, 70, SO and 81 are for general low pressure steam 
trap service Suitable lor pressures up to 20 lb Complete 
details 111 Bulletin No 234- A 
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Sterling Engineering Company 


Specialties, Heating 


Sterling Thermotrols 

Thermostatic selt-contained temperature cuiilrolb 


Type E —No. 100 Thermotrol 

Designed lor attachment to exposed radiator loi the 
control ot room temperature It is apjilic.dilc to tvvo-pipe 
steam, vapor, \acuum or hot water heating systems m any 
t>pe ot budding The unit consists ol a broii/e valve upon 
which IS mounted the thermostatic conliol The rcxim air, 
circulating through the openings in the housing, causes 
expansion or contraction ol the comi)ound diaphiagms con- 
trolling the valve The dial indicates normal, hot, cold 
or closed, as required 

Made in 1, 1^4 and 1 J^2 in inlet and outlet si/es, lor 50, 100, 150, 275 and 300 

sq ft radiation Complete details in Bidletin No 361 



Type G — Thermotrols 


Designed tor installations where the radi- 
ators are concealed The controls consist ot a 
vahe, a regulating cylinder, and a ther- 
mostatic bulb The regulating cylinder trans- 
mits the pressure, caused by the expansion of 
a volatile liquid in the bulb, to the vahe 
stem This pressure causes the \ ah e to close 
A spring opens it when the pressure decreases 
A dial on the regulating cylinder determines 
the room temperature at which the valve 
operates Sizes, H to D2 m Complete 
details in Bullettn No 361 



4 



No. 110 Thermotrol 

Designed to regulate the tcmperalure ol lic|uids in 
tanks It IS applicable to water tanks, cooking kettles 
and sterilizers It depends upon the expansion ot a 
volatile liquid, like all other Sterling Thermotrols, lor its 
regulating properties and is provided with a similar 
adjusting dial Sizes, to 3 m Complete detaih in 
Bulletin No 861 



Sterling Motorized Valve 

Controls the flow* ot steam, w-ater or oil 
It is used with thermostats lor the control ot 
room temperature by controlling the flow ot 
steam or water in mains or risers Valve 
sizes, 5^ to 6 in Complete details %n Bullehn 
No 361 

Sterling Mixing Valve 

The Sterling No 130 Series Valve is 
designed to regulate the temperature of hot 
water It controls the flow of both hot and 
cold w^ater through the valve Complete 
details in Bulletin No 361 
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Sterling Engineering Company 


Specialties, Heating 



Sterling Simplex Vacuum Pump 

Con&ibts ol a motor-driven pump, niounled on a cast iron receiver constructed with 
two compartmentb The ccntniugal pumping unit ib a single buction, single stage pumi), 
and a squirrel cage motor mounted on one shaft, thus eliminating inis-alignment troubles 
Wearing rings protect the casing and cover Iroin wear The discharge to the boiler is 
controlled by a solenoid valve, which in turn is controlled b> the float switch mounted 
at the end ol the upper receiver compartment 

A float in t he upiiei recciv er operates the float switch The lower, or accumulator com- 
partment, IS similarly equipped with a float and float switch A strainer is located on the 
return line which enters the lowei compartment of the receiver at the opposite end fiom 
the float switch A \ ac uum switch, automatic starter and vacuum gage are mounted on 
the side of the receiver The pump suction is connected into upper compartment of 
receiver Discharge from the pump is connected to the vacuum producer A solenoid 
valve IS located in the discharge line to boiler A line from the lower portion of the 
accumulator conqiartment connects into suction side of vacuum producer 

Sterling Duplex Vacuum Pump 

C^onsists of two motor-driven pumps mounted on 
one cast iron receiver fi)ach pump is e(|uip[X 2 d with 
a separate suction and discharge line anti automatic 
starter so that either pump can be operated mde- 
jxindently 

One cast iron receiver, with one strainer, serves 
both pumps, but each pump has its own vacuum 
producer One vacuum switch controls the motors 
for both pumps Complete details tn Bulletin No 

Sterling Dirt Strainers 

FIGURES No. 5 AND No. 6 

Designed lor use at drip points, on blast coils or ahead of radiator traps Baskets are 
of heavy perforated sheet biass Housings are heavy grey iron castings designed for 
steam pressures up to 125 lb 

Figure No. 5 —Made in si/es Irom 34 to 2 in with screwed connections 

Figure No. 6- -Made in si/cs Irom 2}4 to 6 in with flanged connections 


Fig 6 



FIGURE No. 7 

Figure No. 7 is of the Y-type for 
use on water lines to pumps, swim- 
ming pools, etc , or on steam lines 
to traps, etc Made in sizes from 
to 2 in Designed for steam 
pressures up to 125 lb 




Pig 6 


Ftg 7 
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SpecicJties, Healing 


Sarco Company, Inc. 

183 Madison Ave., New York, N. Y. 

Branches In Principal Cities 
SA.RCO CANADA LIMITED, Federal Bldg , Toronio, Oni 


PRODUCTS— A complete line of Specialties for Vapor, Vacuum and Gravity 
Steam Heating Systems, combined with a competent Engineering Service to 
architects and heatmg engineers to assist them in providing modern heating 



SARCO 

RADIATOR TRAPS 

These efficient 
traps are equipped 
with bellows made 
from our own heavy 
wall, seamless, 
corrugated bronze 
tubing They are 
exceptionally rug- 
ged, have long life 
and high capacity Available in angle, straightway and corner patterns 
heavy brass, nickel plated, with polished trimmings 


TypeE 



TypeH 


The body is 


SARCO 

RADIATOR VALVES 

For high vacuum heating sys- 
tems, Sarco offers Sarco Bellov^s- 
Packless Valve It is of the 
truly packless, modulating type 
Leakage at the stem is impos- 
sible The stem is sealed to the 
cap by Sarco seamless, cor- 
rugated bronze tubing 

, The Sarco-Marsh valve is of 

tne commermal packless type in which the stem is sealed by a metal-to-metal cone seat, 
re-eniorcM by moulded packing held compressed by a spring 

mings types are cast brass, heavily nickel plated with polished tnm- 

Can be furnished with round or lever handles, or lock shield, in angle, straightway 
or corner patterns ^ j 




fiareo Bdlotot-PackUat Valve 


Harco-Mareh Packleee 
Valve 



SARCO FLOAT- 
THERMOSTATIC TRAPS 

Used for dripping the ends of mains and risers Also for 
stack or blast heaters, large unit heaters and hot water 
^ _ gen^tors Have automatic thermostatic air vents built in. 
Available in seven sizes with connections ^ to 2 in 


Sareo '^FT' Trap 
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SARCO AIR ELIMINATORS 

For venting air from vapor systems at one central point in the 
basement Available in two sizes No 6 for systems up to 2,500 
sq ft and No 12 for 15,000 sq ft Both are equipped with float 
valves to stop water escaping through the vent, and with check 
valves to prevent ingress of air when s>stem is under vacuum 


SARCO 

ALTERNATING RECEIVER 

A complete line of boiler return 
traps for vapor systems Return 
water of condensation to boiler 
automatically, thereby assuring posi- 
tive return of water under all pres- 
sure conditions Made in six sizes 
for from 1,500 to 25,000 sq ft of 
radiation 



AUemahno Receiver 


SARCO MEDIUM PRESSURE TRAPS 

These thermostatic steam traps are designed specially 
for kitchen fixtures and hospital equipment. Available in 
sizes 5-8 to 1 in in two types, S-65 for pressure 15 to 65 lbs 
and S-75, 0 to 100 lb 



4ir Eliminator No 



Type 8-76 Steam Trap 



SARCO TEMPERATURE REGULATOR 

A scll-contained automatic \al\e lor controlling tem- 
peratures Irom 0 to 300 F for hot water heaters, tanks, 
slenli/CTs aiul looin control A\ailahlc in si/es to 6 in 


SARCO WATER BLENDER 

A seli-tont allied automatic three-w^ay val\c lor mixing 
hot and cold water Deli\ers the mixture automatically 
at any desired temperature between 30 and 250 F Both 
valves are lully balanced No reducing valves required 
For showers, wash rooms and to <lcliver tempered water to 
dilferent departments 

Also Damper Regulators and Compound Gauges 
specially ilesigned lor vapor and vacuum systems 



Water Blender 


SARCO STRAINERS 

Pipe line strainers are effective insurance against injury to 
traps, valves, meters, pumps, etc 
Sarco strainers are made with screens for steam, water, oil, 
gas, bnne or ammonia 

CATALOG 

For full information on all Heating Specialties write for 
Catalog HV-45, 



strainer 
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N Y 
\ltoo\a., P\ 
Abdslbi, N Y 
Atlanta Ga 
Baltimore, Md 
BIBMI^GHA^ f, Ala 
Boston, Mass 
BEOOKL' i>, N \ 
Buffalo, N Y 
Canton, Ohio 
Chicago III 
Cincinnati, Ohio 
Clarksburg, W Va 


The Trane Company 

La Crosse, Wisconsin 


Trane Branch Offices 


Clba fland, Ohio 
C oLUMBUb Ohio 
Dallas, Texas 
Davenport Iowa 
Dblanco N .1 
Des Moines, Iom v 
Detroit, Mich 
Findlaa, Ohio 
Flint, Mich 
Gainesmllp, Fla 
Greensboro, N C 
Harrisburg, Pa 
Houston Texas 


Inoianapolis Ind 
Iackson Miss 
. luNEAU, Alaska 
Kalama/oo, Mini 
Kansas Citi Mo 
La (’rossf, ^is 
Little Roi k, \rk 
L os Angeles Calo 
Louisa ills, Ka 
McKeesport, Pv 
Memphis, Tknn 
NIilwaukbk, Wis 
Missoula, Mont 


Newark N .1 
New Haven, Conn 
Nhw Orleans, La 
NfcVV ORK, N 
Oklvhoma('it^,Okia 
Omaiix, Nkiir 
Oshkosh Wis 
Pforia, III 
PhII AIJhLPIlIA P\ 
PirohNiv, Vri/ 
PlTlnHlIRGH I*A 
Portland OrkiiON 
PoRTSMOHni, (Mho 


Um hmond, Va 
Hociisstijii, N Y 
Halt IjAKL(’nv, Utah 
S vN Frani isf o, Calif 
SKA irLh Wash 
S lIRhVl'.POHT, La 

Sr Paul, Minn 
St Louis, Mo 
Snivtus^N \ 
Washington, D C 
WilkhiS-Bakrb, Pa 
Mi-vk o, D F 


Trane Bulletins give complete data on Trane Products and wiU gladly he sent on leqnest 

TRANE HEATING EQUIPMENT 

EXTENDED SURFACE HEATING- -Bulletm No 152 ('onstruc( loii Typical 
examples Performance tables Installation diagrams Capacities 
COPPER CONVECTORS — Bulletin No 110 and Data Comiilele explanation ot 
instant control and convected heat Installation details Roughiiig-in diinciibioiis 
Heating capacities in equivalent direct radiation and Htu 
UNIT VENTILATORS— Bulletin No (55 and Data Air-O-Ia/cr for clasbroom-- 
Air-0-\ent for large spaces Explanation ot Trane Systcni ol Schoolroom Air Con- 
ditioning Air-0-Lizer and Air-0-\’ent control cycles Aiixiliaiy unitb Complete 
capacities and roughing-in dimensions 

UNIT HEATERS — Propeller Models — Cradle Coil and De Luxe Units Bulletin 
No 85 Blow^er Models — Heat Blowers and Torridor Bulletin No 75 Explanation 
of Floor Line Spread and Cradle Coil Installation suggestions Perlorni«ince data 
Capacities (hot water and steam) Roughing-in dimensionb 
HEATING SPECIALTIES — Complete information on Heating Specialticb lor every 
steam or hot water system Construction Operation Capacities Dimensions 
TEMPERATURE CONTROL VALVES— Bulletin Applications (Operation 
Construction Dimensions 

HUMIDIFIER — Bulletin No 126 Complete capaciticb for heating and humidi- 
fication Roughmg-in dimensions 

PUMPS^ — Bulletin No 33 Circulating and Booster Pumps Condciibat ion Pumps 
Capacities Installation instructions Dimensions Construction 


TRANE AIR CONDITIONING EQUIPMENT 

EXTENDED SURFACE COOLING COILS — Direct Expansion Coils Bulletin No 
172 — ^Water Cooling Coils Bulletin No 182 Types E & C Typical examples Per- 
formance data Sizes Capacities 

COMMERCIAL AIR CONDITIONERS — Bulletin and Data De Luxe Models. 
Large Capacity Models Office Models Applications Capacities Structural features 
Roughing-in dimensions Selection of units 
RESIDENTIAL AIR CONDITIONERS — Five Complete Systems for Heating and 
Air Conditioning in the Home — Bulletin Climate Changer for steam or hot water — 
Bulletin No 230 Airite for direct fired oil heating — Bulletin No 227 Operation 
Construction Capacities Roughing-m dimensions 
PRODUCT COOLERS — Bulletin No 25 Applications Capacities Dimensions 
CONDENSERS — EV Condenser Bulletin No 42 Construction Operation 
Dimensions Capacities EVR Condenser for railroads Bulletin and Supplementary 
Manual No 307R Operation Construction 


A Complete Line of Heating, Ventilating and Air Conditioning Equipment 


Extended Surface Heating Ainte 

and Cooling Coils Climate Changer 

De Luxe Air Conditioners Copper Convectors 

Commercial Air Conditioners Humidifiers 

Propeller Type Coolers Propeller Unit Heaters 

Evaporative Condensers Blower Unit Heaters 


Thermostatic Bellows Traps 
Packless Valves 
Vent Traps 
Boiler Specialties 
Float Traps. 

Temperature Control Valves 
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WARREN WEBSTER & COMPANY 


Pioneers of the Vacuum System of Steam Heating 

rsinceiS88_ Main Office and Factory. 

Camden, N. J. WODERAT^ 

Branches in Over 60 Cities ^ control’^^^^ 

Consult Your Local Phone Directory 



"Systems of 
Steam Heating 




XMiinltor the wcMtcr** 


PRODUCTS AND SERVICES 

Improved Webster Systems of Steam 
Heating including Vacuum and Type 
“R” (vapor). 

Webster Central Control Systems 
including HYLO and MODERATOR. 

Modernization of Obsolete and 
Faulty Heating Systems. 

Webster System Equipment in- 
cluding Light-Weight Concealed Ra- 
diation (Gravity Convection Heaters), 
Radiator Supply Valves, Metering 
Orifices, Thermostatic Traps, Drip 
Traps, Heavy Duty Traps, Dirt Strain- 
ers, Dirt Pockets, Boiler Return Traps, 
Vent Traps, Damper Regulators, 
Boiler Protectors, Lift Fittings, Ex- 
pansion Joints, Separating Tanks, 
Steam and Oil Separators, Steam 
Vacuum Pump Governors, Air Sepa- 
rating and Receiving Tanks, Gages, 
Water Accumulators. 

Webster Series “78” and Series “79” 
Traps for use at process pressures (10 
to 125 lb. per sq. in ) 

IMPROVED WEBSTER SYSTEMS 

The Improved Webster Systems are low 
pressuie, two-pipe systems of steam circu- 
lation with the addition of accurately-sized 
metering orifices at radiator supply con- 
nections and, when required, intermediate 
metering orifices at points in branch 
mams Metering orifices effect even dis- 
tribution of steam to all parts of the 
heating system and permit the successful 
application of a centralized control Im- 
proved Webster Systems are available for 
vacuum, open return or "vapor” opera- 
tion The Type " R” System corresponds 
to the so-called Vapor type Fig 1 
illustrates a typical arrangement of Boiler 
Return Trap, Vent Trap, etc , when low 
pressure boiler is the source of steam. 

CENTRAL CONTROL SYSTEMS 

These are patented systems for varying 
the amount of steam to all radiators ac- 
cording to outside temperature They 
provide continuous heat delivery with effec- 
tive fractional filling of radiators The 
Hylo Systems may be provided for 
manual control, or if desired, may be 
semi-automatic by incorporation of inside 
thermostat or thermostat and schedule 
clock The Moderator Systems employ 
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an automatic Outdoor Theimostat sup- 
plemented by a manual Variator 
The latter is used for quick heating-up, 
night load, and unusual weather or oc- 
cupancy conditions Use of Webster 
Central Control Systems results in (1) 
increased comfort because over-heating 
and underheating are minimized and (2) 
lower fuel or steam costs 



WEBSTER SYSTEM RADIATION 
Concealed, non-ferrous type for use 
exclusively with Improved Webster Sys- 
tems Is unique in that it combines in a 
single unity a light-weight heating element 
of high efficiency with an orificed radiator 
supply valve, a radiator trap and supply 



ViQ 9 WfhBln SyBlfm liadtahon 




Warren Webster & Company 


Specialties, Heating 


and return piping connections Metal 
enclosures for installation \^ithin the wall 
and exposed metal cabinets are available 
Webster System Radiation and enclosures 
are so designed that the entire heating 
element can be quickly removed without 
damage to plaster or paint Space require- 
ments reduced to a minimum and instal- 
lation greatly simplified 

RADIATOR SUPPLY VALVES 

Type “W” — 
Standard supply 
valve of highest 
quality Slotted 
sleeve gives “modu- 
lation” of steam 
flow provided proper 
pressure is main- 
tained on system 
Quick-opening, 
non-rising stem 
type Uses molded 
ring packing Valve 
disc IS renewable 



Fto 8 WAster 
Type “W" Volte 



Fig 4 WAAer 
Three-Pmnt Volte 


Made in angle model m sizes of }'2, ^4, 1 
and 1^4 in Right-corner, left-corner, 
straightway single union and double union 
models in selected sizes Choice of wheel, 
lever, lockshield, chain w’heel or extended 
stem handles 

“Three-Pouit” 
Has sleeve orifice 
fitting into seat 
opening Especially 
desirable for hospi- 
tals, hotels, etc , 
where quick heat- 
ing-up or higher 
temperatures are 
required in different 
rooms Is normally 
an open-shut type 
but may be easily 
converted to ^ shut-normal-excess type 
Excess setting gives 140 per cent of normal 
steam flow Otherwise similar in design to 
Type “ W” Valve. Sizes: and 1 m. 

Sylphon Packless — Positively packless 
having flexible lammated Sylphon bel- 
lows ^mpletely enclosing stem Quick- 
opening, non-nsmg 
stem type Re- 
newable composi- 
tion disc Made in 
angle model in sizes 
ofK 1,1}4,132 
and 2 in Right 
comer, left-corner 
and straightw'ay 
single-union models 
m sizes of ^4 
and 1 m Choice of 
lever, wheel, lock- 
shield, chain wheel 



Fu 5 WAeier 
Paekleu Volte 


Type “B”— Quick- 
opening, non-nsmg 
stem, packless type 
Special gland takes up 
wear ot molded ring 
packing Renew^able 
composition disc 
Alade in angle motlel 
in sizes ol Sj, 1, 

1^4, 1^2 in 

Right-corner, left- 
corner and strdight- 
w^ay single-union and 
double-union models in sizes ol ^'2, S and 
1 in Choice ot w'heel, lockshield, chain 
wheel and extended stem handles 





Ftg e WAater 
Type “5” Volte 


or extended stem handles 



Fig 7 Mihnnq Orifite limited in Union Connexion 
of a H Aeter Supply Valve 


Metering Orifices — Accurately sized 
and made of heavy gage Monel Metal to 
resist erosion and corrosion, amply thick 
to be free from vibration ana shaped for 
quiet operation Available in a number of 
types to fit both new and installed radiator 
supply valves of Webster or other make 

RETURN TRAPS 

Sylphon — Original and highly per- 
fected type of low pressure, thermostatic 
bellow's trap Rugged m construction 
Renewable seat 
F actory adj ust ed 
Made in angle, 
nght - corner, left - 
corner and straight- 
way bodies Sizes 
M and 1 in 
Normal operating 
►ressures up to 15 
b. persq in Maxi- 
mum occasional 
pressure 25 lb per 
sq in 





Fig 8 WAeier Bit 
Sylphon Trap 


1096 


Warren Webster & Company 


Specialties, Heating 





Series “7” — 
Perlecled dia- 
phragm- type 
thermostatic 
trap Unusually 
strong in con- 
struction Re- 
newable seat 
F a c t o r y - a d - 

phor-bronze dia- 
phragm Made in angle, right-corner, 
left-corner and straightway bodies Sizes 
^4 and 1 in Normal operating pres- 
sures up to 15 Ib per sci in , maximum 
occasional pressuie 2511) per sq in 
Series Similar in design to 

Series 7 but built lor normal operating 
pressures up to 25 lb per sq m Maxi- 
mum occasional pressure is 50 lb per sq 
in Uses Monel Metal diaiihragni, valve 
piece and scat insert 


sterilizing and other process-steam uses 
Series “79” — For use where large 
volumes ol very hot condensate form more 
quickly than can be discharged by thermo- 
static traps alone Float and thermostatic 
traps designed lor normal working pres- 
sures between 15 and 125 lb per sq in 
Water ot condensation is passed through a 
float -controlled seat opening while air is 
discharged into the return piping by a 
Lheimostatically controlled vent Com- 
pact and light in weight Can be reailih 
mounted in a pipe line without other 
support Available with cither -*4 111 or 
1 in inlet and outlet 
Cast iron body, copper asbestos gasket 
and cover bolted together with steel cap 
screw^s Monel Metal valve piece and 
stem Stainless steel seat Air vent unit 
is Monel Metal diaphragm with Monel 
Metal valve piece and brass seat with 
stainless steel insert 



i'xQ 10 The Webster Mue (lOOSti-T Drtp Trap is Rated 
too lb H ater j)er Hour at S lb Pressuie Differcrue 


Scries “26” A hcMvy dut> trap for 
(hips ot mains, blast radiation, unit 
heaters, hot water generators and bimilar 
apphcationwS A rugged float -type trap 
available with and without thermostatic 
air vent Made in five si/cs 200, 700, 
1200, 2100 ,ind 5000 lb water per hour at 
211) picssure dilleience Maximum w’ork- 
mg pressure is 1 5 lb per sci in 


Series “78” 

— thermostatic 
trap built for 
process steam 
pressures (10 to 
125 lb ])er sq 
in ) Monel 
Metal cl 1 a - 
phragm Stain- 
less Steel valve 
piece and seat 
insert Angle 
model only Sizes 



Ftg 11 WAster 
Senes *‘78" Trap 


, ^ and 1 in 


Extensively used with laundry, cooking, 


DIRT STRAINERS AND POCKETS 
Placed in return lines of steam heating 
systems to prevent dirt, rust and scale 
from impairing tightness of traps 



BOILER PROTECTOR 
Prevents breakage in low pressure 
heating boilers when water level becomes 
inadequate Automatically supplies raw 
water to boiler when water level drops to 
I in above bottom of gage glass 
For maximum boiler pressure of 15 lb 
per sq in. Maximum cold water mam 
pressure should not exceed 150 lb per sq 
in , minimum must not be less than 26 lb 
per sq in 

Made with ^4 in connections, with or 
without electrical cut-out switch 
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Wright-Austin Co. 

317 West Woodbridge St., Detroit, Mich. 


PRODUCTS — Steam Traps, Strainers, 
Air Traps, Steam and Oil Separators, 
Compressed Air Purifiers, Exhaust 
Heads, Boiler Feeders, Alarm Water 
Columns, Water Gauges, Trycocks. 

“Airxpel” Bucket Type Steam Traps 

Are “double duty” traps, because they 
automatically discharge both air and 
condensate 

A t 1 e 1 1 IS 
^ illustrated the 

a new streamline 
body design, 

tractiveness to 
the installation 

type ot pipe 
connection tor 
radiation, etc 


The Cub sizes are made 
in in , in , 1 in 
Especially suitable for in- 
dividual unit drainage on 
heating and process equip- 
ment 

Also three “Master” 
sizes H in to 2 in , for 
general service 


‘Combination” Steam Trap 


Float Type with 
internal thermo- 
static air bypass 
and strainer A 
modemly designed 
and very success- 
ful trap for v’acu- 
um and pressure 




“Emergency” Float Type Steam Trap 


Three valve trap with 
large capacity at high 
pressures An ex- 
ceptionally reliable 
trap for use in inac- 
cessible places 




Air Relief Trap 

For relieving air from 
forced circulation hot 
water heating systems, 
water supply lines, 
closed tanks, receivers, 
pumps, etc 

“Tuway” Strainer 

May be used two ways — ^ 

as a straight-way or angle I: 

strainer, in either hori- j 

zontal or vertical pipe " 

line, because it has the , 
choice of two inlets at jjL ' 
right angles to one another 
For cleaning, flush 
through blow-off connection, or remove 
screen by unscrewing bottom plug 


Boiler Feeder 


An nun wall li- 
man that auto- 
matically main- 
tains uniform 
water level in 
low pressure 
boileis 


Separators — Steam and Oil 



Type “A” Vertical 
Steam 


Type “S” 
Horizontal Oil 


Victor” Low Pressure Steam Trap 


For heavy vol- 
umes of conden- 
sation at low 
pressures. 




We make separators of every type. 
Send, for desenpitve BuUeiins on any oj 
the ttems listed on this page 




Specialties, Healing 


Yamall -Waring Company 

Philadelphia, Pa. 


Branch Offices 
in Principal 
Cities 




More than 100 

Mill Supply Distributors 

Throughout the USA 


IVfanutacturers of the YARWAY Impulse Steam Trap 


Principal Advantages of the 
Yarv»^ay Impulse Steam Trap 

Light iVcight ~\\irv>dy Irdps need no 
support — in lidp weu>hb only 1 Ih 
2 m trap weighs S* 2 11) 

Small Size — They pratLically eliminate 
radiation losses- can he installed in 
cramiied ijuaiters* *2 m trap measures 
2^1 in long- -2 in tiap, 4'*i in long 
Will not air hind 
Require no pniming 
Iimire qiiuk fieatuiff 
Operate on extliisive Inipiihe piimiple 
(U S Patents No Otfiei Pat 

Pend ) 

Low Pnte -01 ten clicapei than re- 
pairing old tiaps 

Six Sizes Serve Practically 
All Trap Requirements 

Vaivvay Impulse IStcam Traps in si/es 
Irom ia in lo 2 in arc lactory set lor all 
pressures up to 400 lb Simply select the 
correct size irom the table below 
Operation— The Ya^^^ay Impulse Trap 
operates on an entirely new principle — the 
dilference m flow characteristics ol steam 
and water flowing through two orifices, 
with a chamber between Movement ot 
valve IS governed by variations in pressure 
in the space above the valve, callecf control 
chamber — these changes in pressure oc- 
curring with changes in temperature of 
condensate 

When handling condensate, the pressure 
tending to lift valve is greater than reduced 
pressure in control chamber, and the valve 
opens As accumulation of condensate 
disappears, remaining condensate ap- 
proaches steam temperature, flashing takes 
place, the flow is choked and pressure 
builds up in control chambers, closing valve 
Construction— The Yarway Steam 
Trap IS unique in that there is only one 
moving part — the simple valve F illu- 
strated. This trap is made of ‘ ‘ bar-stock ’ ’ 
throughout — no casting used in its con- 
struction Body IS cold rolled steel, valve 
and seat are of heat treated stainless steel, 
bonnet and cap of hex tobin bronze 
Years of service of thousands of Yarway 
traps in leading plants have proven these 
materials suitable for the service. 


l -Cap Nut D Conttd Cijlindti (I— Valve Seat 

Hr Loik Nut E-L0(k Pm H-TeU Plug 

l— Bonnet F -\alin J—Bodg 

K -Vontrd Chamber 
Control Alist 



Capacities — Maximum continuous dis- 
charge of condensate in pounds per hours 
at 30 deg below steam temperature 


Pressure 

Vzin 

3/4 In 

I In 

l'/4ln 

V/i In 

2 In 

Poundb 

No 60 

No 61 

No 63 

No 64 

No 66 

No 67 

10 

475 

825 

1360 

1910 

2400 

3425 

20 

650 

1150 

1725 

2315 

3050 

4340 

30 

800 

1375 

1985 

2650 

3525 

5050 

40 

900 

1575 

2220 

2950 

3950 

5615 

50 

980 

1725 

2425 

3200 

4315 

6100 

60 

1050 

1850 

2600 

3425 

4630 

6525 

70 

1140 

1975 

2775 

3660 

4940 

6930 

80 

1200 

2080 

2925 

3875 

5200 

7260 

90 

1240 

2175 

3075 

4075 

5440 

7600 

100 

1290 

2260 

3215 

4280 

5675 

7875 

125 

1400 

2460 

3550 

4760 

6165 

8530 

150 

1490 

2640 

3870 

5175 

6630 

9075 

200 to 400 

1630 

2900 

4380 

5960 

7410 

9950 


Where greater capacity at low pressure is 
reciuircd, use two or more tiaps with check valve on 
discharge end ot each trap 


Prices, Weights ajid Dimensions 


Size 

Trap 

Complete 

Wt 

Lb 

Length 

Inches 

Vzin No 60 

74 in No 61 

$15 00 

22 00 



1 in No 63 

31 00 


378 

1 1/4 m. No 64 

48 00 

m 

3Vl 

Wivn No 66 

68 00 

6 

474 

2 in No 67 

90 00 

872 

4% 


For further information, send for 
descriptive bulletin — ^T-1721. 
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Siol(ers 


The Anchor Stove & Range Company, Inc. 

New Albany, Indiana 

ANCHOR kOLSTOKER 

Over 1300 Represen tarives and Dealers m All Principal Cities and Towns 


A top-quality stoker, designed by heating 
engineers and produced in a plant devoted 
for over 70 years to the manufacture of 
high-grade heating equipment Complete 
line, sizes and models for every domestic 
and industrial use Designed for and easily 
installed with any steam, \apor, warm-air, 
or hot water heating system or high- 
pressure boiler Under-feed principle, for 
efficient combustion of coal 

Attractive cabinet design All working 
parts enclosed, assuring complete satety 
Room thermostat, limit control, hold-fire 
and relay, automatically control operation 
Exclusive double-action Oil motor Drive, 
pow’erful, flexible, tree moving parts, no 
springs, pow’er-dnv’en valves, sound-proot 
insulation to assure silent operation Low 
hopper — one-piece 10 gauge copper alloy 
steel, extra heavy, air-tight, joints elec- 
trically w elded Big coal capacity , easy to 
fill Large diameter worm insures long life 
and efficient service Flexible as to length 
of w'^orm and tube Pressure-operated 
automatic throw^-out device — eliminating 
shearing pins and protecting motor against 
obstruction damage Alarm bell or light 
signal when throw-out operates Feed 
worm inspection plate makes removal of 
obstructions easy Automatic air control 
Motor rubber-cushion mounted, w'lll not 
affect radio Sectional tuyere construction 
permits expansion and contraction without 
wrarpmg or cracking Absolute guarantee 
of satisfaction w’hen installed and operated 
according to factory instructions 

When you specify Anchor Kolstoker 
heat, you give your clients the convenience 
of gas or oil, with the safety and economy 
of coal Write for descriptive catalog and 
special folder for heating engineers 





Bin Feed Model—with Innler Coal feed* dirett from Inn 
For any domtHtu twilaUatton 



Industrial Model, Heavy Duty -jurnisfied with either 
Dead Plates or Dump Plaii in grate 



Stokers 



The Brownell Company 

Esj\blisiied Ibrj") 

Dayton, Ohio 

Manufacturers of 

BROWNELL BOILERS AND STOKERS 

Roprescntative& in All Principal Cities 



Welded Boilers built m Standard and Master 
types “Standard” t>pe, Direct Draft oi 
Smokeless, Coal Hand Fired — 500 to 34,000 
st| ft Stoker Fired — 930 to 43,130 sc| It 
“Master” type. Coal Hand Fired — 500 to 35,520 
s(i ft Stoker Fired — 1070 to 45,110 sq ft 


fhawnill i>landatd U\ld((l S/woUcii Boilei 

Riveted Double Pass Firebox Boilers built tor 
both high and low pressure Coal Hand Fired - 
1000 to 35,000 sq It Stoker Fired~4S60 to 
42,500 sq ft 




Brownell RtveUd Double Paw Pinbov 
Boiler, 'a/oLir Fmd 


The Brownell Type “C” Stoker is built in both 
stationary dead plate and side dump types, in 
sizes suitable for medium and large industrial 
and heating plants 


Brownell Type “C" Side Dump Stoker 

The Brownell Type “ R” Heavy Duty Ram Feed 
Stoker is designed for use in the larger industrial 
and heating plants Ruggedness, flexibility, 
economy and low maintenance costs are features 
of this stoker 

Brownell Matched Units, Boiler and Stoker 
combinations, are available in sizes from 500 sq 
ft to 45,000 sq ft 



Brownell Type “R” Heavy Duty Stoker 


In addition to the above, a complete line of Domestic Stokers is built These Stokers 
are built in either ratchet or continuous feed 

Send for Descriptive Btdletms 
1101 




Stol^ers 


Detroit Stoker Company 


Sales and Engineering Offices 
General Motors Bldg , Detroit, Mich. 

Main Offices and Works at 
Monroe, Mich 



Since 1898 


District Offices in 
Principal CHitics 

Built in 

Canada at London, Ont. 


Detroit LoStoker 

Built m various widths and lengths to 
fit furnaces of all types of boilers Com- 
pact, easily installed, responsiv^e and auto- 
matic Savings, due to increased efficiency, 
combined with the ability to successtully 
bum less expensive grades of coal, make 
Detroit Stokers pay a handsome return on 
the in\ estment Write for Bulletin 369 



Detroit LoStoker, showing Motor Driven Blower and 
Stoker, One Compact Unit at the FrorU 



Large AUive i uel i^ea, wttn Frovtsianjor AdmiUinq 
Air under the Dumping Grates at each ^e to burn out 
the Combustible Prior to Dumping Ashes 


Detroit LoStoker Advantages include: 

Agitator in coal hopper for positive coal 
feed Cannot stick or lam with wet coal 
Adjustable Plunger Feed for the con- 
trol of the quantity ot coal 
Heavy Mechanical Drive of simple de- 
sign Little power is required for operation 
Side Cleaning with dumping grates 
Ash doors are provided No hand cleaning. 

Automatically Controlled. Motor or 
turbine driven, controlled from steam pres- 
sure, water temperature or thermostat 


Detroit UniStoker 



Dthotl UniStoke) ot Latqe Heating Boilers 
Each Boiler and Stoker, an Indepindent Unit 

Product and Service 

Detroit Stokers: Built 
in various types and sizes 
to serve heat ing and power 
boilers from approxi- 
mately 30 hp upwards. 
Bituminous coals obtain- 
able in all sections are suc- 
cesstully burned Many 
features embodied in the 
various designs represent 
over 35 years of experience. 

May we study your 
individual requirements. 
District Offices, located in 
principal cities, will furnish 
catalogues of any Detroit 
Stokers, or write Detroit 
Stoker Company, 
Detroit 
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Stokers 


Whiting Corporation 

15G20 Hal&ted Street, Harvey, 111. 

(Chicago Suburb) 

Representatives in All Principal Cities 


PRODUCTS —Complete hne of Stokers and Pulverizing Equipment for 
firing furnaces and boilers (up to 5,000 h.p.) including Underfeed Stokers 
for small furnaces and boilers, Horizontal Compression Feed Stokers, 
Impact Pulverizers, Table Roller Pulverizers, Pulverized Coal Conveying 
and Feeding Equipment, Burners, etc. 



STANDARD DOMESTIC MODEL No 2 aiul 
No 4 Capacitieb of 20 and 40 lb of coal i>er hour 
Famous Dual Drall Burner, Gas Eliminator, (juiet 
5-Sj)Ccd Drive, Low Hopper and exclusive Whitmcf 
Heat Conlrol Enclo&ed in smart cabinet Oper- 
ating cost substantially less than any other type ol 
automatic luel 



STANDARD DOMESTIC MODEL No band 
No 0 Especially suitable lor installalion in large 
residences or small apartment buildings Available 
in capac ities ol 00 or 90 lb of coal per hour Whiting, 
now in its 53r<l year, has had 17 years’ experience in 
the inanulactiirc of solid fuel conveying and com- 
hubtion eiiuipnienl 



STANDARD UNDERFEED COMMERCIAL 
MODEL- 'For refractory or dead plate setting - 
ranging in capacity from 120 to 650 lb ol bituminous 
coal per hour P'or all types ol boilers-— cast iron, 
horizontal return tube, vertical, down dralt and 
brick set Famous Whiting Dual Draft Biirnci, 
(xas Eliminator and 5-Speed Drive 


TWIN COMMERCIAL MODEL -In larger 
installations, 10 to 15 per cent more efficient than 
single retort design ol same capacity Made to 
order only — lor all classes of boilers — in capacities 
of 750 - 1,000 — or 1,250 lb of coal per hour 
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Temperature Control 


Barber-Colman Company 

Rockford, Illinois 


AUTOMATIC 



CONTROLS 




Barber-Colman Controls are dll electric Precision 
built to insure long, continuous, and dependable service 
Easy to install in either new or existing installations 
Ready for instant service at all times, even alter long 
shut dowm periods 

Thermostats. All types — room, duct, immersion and 
air-stream Single, duplex, two-temperature and heater 
Range and sensitivity to meet requirements 



Hygrostats. Room, and duct tyi^es 

Motor- Operated Valves. Packless, packed, single 
seat, pilot piston, vee-ported, thrce-w'ay, lour-way, and 
butterfly 

Solenoid Valves. For air, oil, water, gas, and refrig- 
erants 

Damper Control Motors. Unidirectional, or rever- 
sible, fixed or adjustable speed 

Program Switches. Automatic contact -making mech- 
anisms tor multi-compressor control or similiar appli- 
cations 

Micro controls give accurate control of modulating 
valves or dampers by operating them rapidly to a 
definite position for each difterent temperature at the 
thermostat 

Literature is available describing complete automatic 
control of heating, ventilating, and air conditioning 
systems Consult a Barber-Colman representative, 
or write the factory 

Listed as standard by Underwriters’ Laboratories. 
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Barher-Colman Company 


Temperature Control 


ENOINKKRKI) AIR DISTRIBUTION OUTLETS 
Aspitatum Diffusion IhsU ibution Dhect tonal Flow 


GRIIJ>i:S 



REGISTERS 


Cores, ()l Hin l'l<> ii»> l\ 1H‘ lonslim (ion, ina> 

be hclcctcd l(» dosiu'd diintumal How and lliiow, 
and pcnml pKu mt* oul Iris in most (omvimiumiI Uu.ilions 
Smallci diKls and <)p<‘niiit;s ai(‘ possd)I(‘ hri.iuse Iniiber 
velontu'sand 1 o\\(m I< nipri.il mi(‘s ni.i\ hr nsrd uilhout 
incicasinu I lie noisr lr\rl oi (aiisini» diatls 

Frames .ur av.iilahii* loi ridiri h.isc'hoaid, sidr w.ill, 
panel oi tahnuM mnnni im» 

Finish: nirlal, ^i.in ininu* <oal, i»iim inrlal, 

clear lanpiri, hi iisIkmI Imom/i . /me (adiinnm, sal in 
nickel, salin roppri , hulled (iUlmnini, hiushrd <ad- 
iiiiuni, polislu’d ni( l\e‘I 

Registers air same < oiisluu lion as niillrs, willi the 
addition ol spun}; loadiMl, posiliM* « losinu, chain oi key 
operated d.unpns 

Sizes, (iiillrs anil K'l-islris air a\aiLd»lr in a nnmhri 
of standard si/rs oi niav hr made to any drsiird <lnnrn- 
sioiis 

Special shapes aii^ a\ailahlr to haiinoin/i^ with an> 
style ol <iKhitr( I im* 

Volume (Jonlrol Dollectois (ontiol voinnn* ol an 
Iroin a iiMin into hi.ini h dm Is 

Elbow Turns ptovidr iiniioiin an flow around and 
beyond stphiir loinrird rlhows 

Air-Lites I'oinhinr an alliailivi* ami rthcirnt h^lilmf; 
fixtuie with <‘ithri a supply oi exhaust oullrl, the latter 
hein^ ideal loi irsidrnlial IviIi'Ikmis 

Ceiling Grilles air .lyaihdilr in louiid, s((uaie oi 
rcctamjuiai shapes UsimI loi rilhri supply or exh.uisl 
or coinhniation su|)ply and exhaust 

Uiu-Flo giillrs, u*}»islris .iml 4i<‘< rssoi irs ollri a solution 
to the most conijilex air disl uhul ion piohlrius ('oiisult 
any Ihuher ('olimin i<‘pirsrnl.it i\ <*, oi wiite the lactory 
for lurther nilonihilion 




Temperature Control 


Cook Electric Company 

2704 Southport Ave , Chicago, 111. 

AUTOMATIC CONTROLS FOR HEATING PLANTS 


COOK THERMOSTAT 

An accurate low voltage thermostat of ultra modern design, ol the 
heat accelerating or anticipating type It contains no magnets and may 
be adjusted to any reasonable differential Arranged for mounting on 
wall or electrical conduit box Base is of Bakelite, cover ot brass, 
statuary bronze finish Size in x 5H x 1®-^ in Weight 12 o? 







COOK DAMPER CONTROL 

A thoroughly reliable damper motor backed by ten 
years’ field and laboratory experience Absolutely quiet 
Requires no lubrication or attention Equipped with a 
unique firing clutch The safety feature always checks the 
fire should a fuse blow and inteirupt the electric circuit 


COOK No. 218 CONTROL SYSTEM 

Complete thermostatic control, summer and winter, lor 
both fire and blower for hand fired, solid fuel, mechanical 
warm air installations Consists of thermostat, furnace 
switch and No 21 unit 

COOK ZONE CONTROL 



For complete warm air installations, either gravity or 
mechanical 


Cook No ai Unit 



Cook Vapor Motor 


COOK ELECTRIC VAPOR MOTORS 

Power exerted by vapor pressure, generated by an 
electric heating element For controlling dampers, 
shutters, valves and louvers on heating, ventilating, 
air conditioning and cooking devices The timing, 
length of stroke and power developed is variable 
over a wide range 

COOK METAL BELLOWS 

Of phosphor bronze, or Monel metal, for air, gas, 
steam, water, oils or ammonia Cook Bellows are 
made by crimping and soldering together individual 
diaphragms The temper, or hardness of the metal 
IS controlled very accurately, as only a slight form of 
the diaphragm is necessary Cook Bellows are built 
to a wide range of diameter, width of flange and 
length to fit almost any application. 


COOK ELECTRIC COMPANY — ^2704 Southport Ave , Chicago, have manu- 
factured electrical equipment for more than thirty years and invite your inquiries 
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Temperature Control 


Detroit Lubricator Company 

Detroit, Michigan, U. S. A. 

Ni‘W York, N Y , 40 West 40th Street 

( HU v<.o, III , RK) S Mi( liigAn Aviniie Los Cai n< , .t20 C'iock.cr Street 

Canadian Representative 

Railwvy and EN(.iNM!.RtN(, Spi-ciAi iiFs LiMiiiiD, Montreal, Toronto, Winnipeg 

Division of American Radiator & Standatd Sanitary Corporation 


Detroit Thermostatic Evpansion 
Valve No 673 



Detroit valvcb arc scientifically (lesuiiicd 
to keep evapoialoib coinpiclely refnger- 
atetl under all conditions Orifice si/es 
available from '{2 ni to in with 
capacities up to tons on I'leon or (> 
tons on Methyl or Sulpliiii 



Detroit Ther- 
mostatic E\- 
pansion Valves 
Nos. 781-783 
and 785 


l.ai(»e capacity 
valves lor an 
conditioning in- 
stallations C'ai)acitics uj) to 20 tons on 
Freon and 85 tons on Methyl Line 
Strainer illustrated available lor large 
valves 



Pressure 
Control 
(Model RB-3) 

Controls low 
side pressure 
Available with 
high pressure cut-out to protect against 
high head pressures Also available to 
control temperatures 


Two-Eleven Room Thermostat 


A theimostat neat in ap- 
pearance and of new design 
lor heating, cooling or in 
combination lor both heating 
and cooling Supplied with 
or without adiustable com- 
pensator providing uniform 
coni rol 


•n 


4 




Differential 
Thermostat 
No. 691 

An ine\pensivc 
room thermostat 
for room cooling 
which modifies indoor temperature in 
accordance with outdoor temperature to 
maintain comfort conditions Provides 
economy ot operation and prevents shock 
due to ovcr-cooling 



Duct Damper 
Motor No. 431 

An inexpensive 
means ol provid- 
ing individual 
temperature control tor /ones or groups ol 
rooms Is quiet and can be mounted 
directly on the duct Furnished with 
auxiliary switch to control heating equip- 
ment Neat in appearance and easily 
installed 

Other Controls 


This Company can also supply you with 
Refrigeration Solenoid Valves, a full line 
of Boiler and Furnace Limit Controls — 
Room Thermostats both high and low 
voltage for both heating and cooling — Fan 
controls — Humidity and Stoker Controls 
and Solenoid Valves for the control of 
water, fuel and gas 
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Temperature Control 


Julien P. Friez & Sons, Inc., 

(A Subsidiary of the Bendix Aviation Corporation) 

Baltimore, Maryland, U. S. A, 

Established 1876 


Manufacturers of a Complete Line of Automatic Electric Controls for 
Industrial and Comfort Applications. Also a Complete Range of Recording 
and Accurate Measuring Instruments for Indoor and Outdoor Applications 


New and Advanced Products for the Coming Year, Ready tor Delivery 


Humidistat, new model of standard “hair-trigger” control, employing 
the famous Friez human hair element for controlling humidity for either 
comfort or industrial purposes 

Comfortrol, a temperature control integral with a humidity sensitive 
element which automatically varies the temperature setting to conform to the 
needs of changing humidity for human comfort Unique and exclusive 
effective temperature control 




Windowstat, a humidity control device for location indoors at the window 
It maintains humidity, in any humidity system, just below the condensation 
point, thus preventing frosting before it begins 


t *<1 



Hand Aspirated Psychrometer, wet and dry bulb 
readings taken quickly, accurately, and inconspicuously, 
without any w^hirlmg Readings are made with instrument in 
one hand while other hand operates a bellows by which proper 
ventilation is induced Pocket size, the new' Psychrometer for 
Air Conditioning 


Temperature and Humidity Recorder, 
which records conditions either of immediate sur- 
roundings, or from distant locations Humidity 
IS read directly from the chart m percentage 
relative humidity without computations or re- 
course to tables Unique Air-condition Recorder 
Relay-Transformer, in one integral unit at 
the price of a moderately priced relay Designed 
for use wherever a relay is required m Air-con- 
ditioning, producing low voltage service at high 
voltage costs 

Factory representatives in leading cities, and 
complete catalogues and engineering service for 
any project requiring expert counsel and design 

Detailed Bulletins on Request 

America’s Specialist in Air Conditioning Controls 
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Temperature Control 


The Fulton Sylphon Company 

Manufacturers of Sylphon Autoniatic Temperature Controlling 
Instruments and Packless Expansion Joints 

Knoxville, Tenn. 

Sales Repre&cnlaiives in Principal (litics 


PRODUCTS 

Temperature Regulators for 
Storage Water Heaters; Ther- 
mostatic Water Mixers; 
Refrigeration Temperature 
Regulators; Packless Expan- 
sion Joints; Pressure Re- 
ducing Valves. (For Sylphon 
Systems of Temperature 
Control for heating, ventilating and 
air conditioning . . . see Page 1123.) 

GENERAL INFORMATION 
Fulton Sylphon Products depend upon the 
famous Sylphon Melal I^ellows for their 
trouble-free service and lonpj life 
Over thirty-five years ago, Triii: Fulton 
Sylphon Company originated this bel- 
lows a precision-built, seamless, loint- 
less ‘^miracle in metal ” 

By continuous engineering study and 
intimate contact with heating and re- 
frigeration problems, this company has 
used this efiicient, practically indestructi- 
ble bellows in the development of a line of 
temperature control and heating special- 
ties known everywhere for outstanding 
service and quality 

HOT WATER SUPPLY 
No. 931 Sylphon Regu- 
lator — Widely used lor con- 
trolling hot water service 
heaters, accurate, reliable, 
long lived, can be installed in 
any position facilitating use m 
crowded locations One of a 
complete line of Sylphon Regu- 
lators designed for hot water 
supply service Bulletin HVG- 
20 



Sylphon Thermostatic Water 
Mixers — Utilize hot water from 
any storage tank or instantane- 
ous heater, and cflectively regu- 
late the amount of cold water 
required to temper it to the 
desired degree, actually mixing 
the hot and cold water together 
before delivery 
Readily adjustable for any desired water 
temperature, this temperature remains 
constant in spite of fluctuations in supply 
water tempera! ures or pressures 
Four sizes with capacities ranging from 
5 lo 325 gpm Bulletin HVG-40 

REFRIGERATION CONTROLS 

A complete line of Sylphon Re- 
frigeration Controls, adaptable 
to the regulation of tempera- 
tures down to 40 deg below 
zero and wherever brine is used 
as the refrigerant 
Latest development of Ful- 
ton Sylphon Engineers is a 
‘Treeze - proof” valve (illu- itequlaior 
strated at right on the popular « 

Sylphon No 045-Z Regulator) {mor Uh 
This valve will work freely 
even when subjected to temperatures as 
low as 70 tleg below zero Bulletin 
rrVG-20 

PACKLESS EXPANSION JOINTS 

The Sylphon Packless Expan- 
sion Joint eliminates useless 
building height, expensive con- 
struction and non-revenue pro- 
ducing space It prevents 
costly leaks and repairs, re- 
quires no repacking, and be- 
cause it is always tight, it 
allows the heating system to 
operate at full efficiency 
Thousands are in use Write 
for Bulletin HVG-140 

PRESSURE REGULATORS 

No. 952 — This regulator of all- 
metal construction may be used 
as a pressure reducing valve as 
well as a uniform pressure 
regulator It may be installed 
in any position, easily adjusted 
for different pressures. 




Uo m 
Hviphon Tank 
Ueuukior 




No no 
Sylphon 
Ezpamum 
fowl 



No m 
Sylphon 
Pressure 
Regulaior 
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Temperature Control 


Johnson Service Company 

TEMPERATURE AND HUMIDITY CONTROL 
General Offices and Factory 

Milwaukee, Wis. 

Branch Offices in all Large Cities 

Johnson Temperature Regulating Co of Canada Ltd , 97 Jarvis Street, Toronto, Ont 
Montreal, Que Winnipeg, Man Calgary, Alta Vancouver B C 


Products and Services 

Manufacturers, engineers, and contractors for Automatic Temperature and Humidity 
Control Systems applied to all types of heating, cooling, ventilating, and air conditioning 
installations A single nation-wide organization devoted to Design, Manufacture and 
Installation for more than 50 years 

Temperature and Humidity Control for every range required in manufacturing and 
industrial processes 

Room temperature control applied to radiators, unit ventilators, and heat delivery 
ducts Johnson Duo-Stats” to maintain the proper relationship between outdoor and 
radiator temperatures for groups of radiators or “heating zones “ 

A complete line of devices for automatic control of air conditioning systems, heating, 
cooling, humidifying, dehumidifying Automatic seasonal shifting of control cycles. 

Penodnc Flush Systems for intermittent flushing m various sections of a building, 
reduang load on piping system and insunng economy in use of water 

Special bulletins and catalogues on request Sales Engineers at branch offices m all 
principal cities 

Johnson All-Metal Thermostats 

Johnson thermostats, room, insertion, and immersion types, are all- 
metal throughout, no soft or hard rubber parts to deteriorate and become 
inoperative Every thermostat precise m construction and thoroughly 
tested for accuracy, efficiency, and durability 

The Johnson intermediate action thermostat gives a true graduated 
action to mixing dampers and valves It holds them in an intermediate 
position to maintain the temperature of the room accurately within 
one deg above or below the setting of the thermostat, if desired 

Boom Thermo^ai 

Johnson “Dual” or Two-Temperature Thermostats 

The Dual, two-temperature, room thermostat especially adapted for 
use where various rooms or groups of rooms are occupied when the 
remamder of the building is not in use Separate steam mams avoided 
The shiftmg from “day” or occupancy temperature to an economy 
temperature for “non-occupancy" conditions, accomplished by a 
switch or Johnson program clock at a central point Push buttons on 
the thermostat are provided when “occupant control” is desired 
Dual thermostats are all-metal and operate valves and dampers 
gradually to maintain temperature accurately within one degree 

Johnson Valves 

Johnson diaphragm valves are simple and rugged. 

Seamless metal bellows and heavy spring operate the 
valve stem No complicated moving parts Made m 
all standard sizes and patterns Direct acting 
(normally open) or reverse acting (normally closed) 

Raiwtw FoZm Three-way mixing and three-way b 3 ^ass valves 

water, bnne, and Freon service Johnson valves are 
available, if desired, with diaphragms of special moulded rubber, 
super-aged and heat-resistant 
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Room Humidoalat 






Johnson Service Company 


Temperature Control 



Four-Potni Innertum 
Themoatat 


Humidostats and Humidifiers 

The Johnson Ilumidoitat automatically controls the supply 
of moisture delivered to the air by a humidifier or air washer 
and maintains a constant percentacje of relative humidity 
Available in both room and insertion patterns, and with 
vaiious types of elements as determined by requirements, 
contiolhmf within 1 per cent at relative humidity of 95 per 
cent and 100 det? Fahr if desired 
Johnson huniidijiers are furnished in steam “grid” type or 
pan type with copper evaporating pan, brass heating coil, 
and float contiol 

Air Conditioning Control 

Siiinmcr-Winter room thermostats for operation of valves 
and dampers in reverse sequence for cooling and heating 
Insertion and immersion thermostats in one, two, three, and 
four-point patterns for operating valves and dampers suc- 
cessively at different temperatures 
Remote readjustahle thermostats, reset from a distant point 


by pilot or differential thermostat or by pressure switch Differential 
thermostats to maintain desired temperature diflerences between two 
points, such as outdoors and treated space 

Solenoid air switches, manual switches, static pressure regulators, 



velocity regulators, operating dampers to regulate flow of air in ducts 
The Johnson sensitivity adjustment is an important development 


in the field of automatic temperature and humidity control for 


air conditioning A unique and convenient means of adjusting the 
sensitivity of Johnson thermostats and humidostats on the job, 
with respect to the capacity of the conditioning apparatus 



Rm<^e Readju^able 
7'hermoatat 


Zone Control 


Johnson ** Duo-Stats” to regulate the flow Swnmer-Winitr 
of heat in a group of radiators constituting a Thermoatai 

"heating zone" by maintaining the proper 
lelationship between outdoor and radiator 
temperatures 

Process Control 

Calibrated insertion thermostats for control- 
ling temperature of liquids, air and gases 
Mercury extended tube thermostat for remote 
location of sensitive element 

Wet-bulb thermostats for close regulation of 
humidity " Record - O - Stats,” combination 
instruments to record and control tempera- 
tures 






Temperature Control 


GENERALmttCONTROLS 


1505 BROADWAY 
CLEVELAND. OHIO 



1368 HARRISON ST. 
SAN FRANCISCO. CALIF. 


DEPENDABLE CONTROL OF TEMPERATURE-PRESSURE-FLOW 


There is a GENERAL magnetic valve 
specifically designed to control each fluid 
and gas For example, the GENERAL 
K-10 lever action gives it the power to 
operate dependably on oils as heavy as 
No 6 The K-15 handles refrigerants 
without corrosion, the B-6 is particularly 
adapted to zone control, the K-3B is 
charactenstically suited to gas, the K-12 
to ammonia, etc Please write for com- 
plete catalog 

MAGNETIC GAS VALVE 
TYPE K-3B 

Primary Applications — Controlling 
gas to hot-air furnaces and industrial 
boilers, safety shut-off 
The GENERAL K-3B is a two- wire, 
straight-magnetic, current-failure valve ot 
packless construction. Closing with the 
flow, the pressure is on top of the seat, 
insuring a tight shut- 
off,indefinitely Solen- 
oid is absolutely hum- 
less — a feature origi- 
nated by GENERAL 
CONTROLS Manual 
by-pass allows for 
opening in case of 
prolonged current fail- 
ure Terminal boxes 
may be turned in any 
direction to facilitate 
KSB wnrmg 

ELECTRIC SLOW OPENING GAS 
VALVE— TYPE B-55 
Primary Application — Simultaneous 
control of gas flow and damper opening 



The B-55 is a diaphragm valve with an 
adjustable opening time of from 5 to 60 
sec , using the GENERAL current-failure 
solenoid as the pilot valve 

THERMOSTAT-THE METROTHERM 

Adjustable heat 
acceleration is fea- 
tured in this beau- 
tiful new METRO- 
THERM Low 
thermal inertia 
guarantees instant 
response to small 
temperature change 
ana eliminates 
under- and over- 
shooting of set tem- 
perature Luxuri- 
ously finished in 
sprayed silver anil 
chrome 

REFRIGERANT CONTROL 
TYPE K-15 

Primary Applications — Controlling 
the flow of methyl , SO F reon 
or Brine, water, air, gases 
The GENERAL K-15 is 
a full-ported, current-fail- 
ure, pilot-operated solenoid 
valve of packless construc- 
tion Closes with the pres- 
sure on top of the seat, 
giving an absolutely tight 
shut-off All materials are 
adapted to refrigerants and 
are non-corrosive 

SEMI-BALANCED— TYPE B-6 
Primary Applica- 
tions — For water, air, 
gas, oil, zone control 
The GENERAL B-6 
is a semi-balanced, cur- 
rent-failure solenoid 
valve valuable in the 
automatic regulation 
of large flows Speci- 
fically designed for 
zone control in hot 
water heating systems 
Humless and quiet in 
operation 
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Temperature Control 


The Mercoid Corporation 

SOLE MANUEACTURERS OF TILE MERCOID SWITCH 

CnK vi.o, In Niw \okk, N \ Bosion, M\ss Philadli imha. Pa 

41 i 01 Belmont MO West Sti cot 2r> Ivy Stiect .il.I7 N Broad btieet 

COMPLETE IJNE OF AUTOMATIC CONTROLS AND MAGNETIC 
VALVES FOR HEATING AND AIR CONDITIONING 


i -...r-ifJiW 7 he hclcvtion ol ihc iibIiI kind of conliols is ol supreme importance 
rjbi ^ I lor ,iny typo ol aulomatic eciuipmcnt All Mercoid Controls are 

c( I nipped with scaled ineicury contact switches These switches 
cannot be alteciod by dust, dirt oi coriosion Mercoid Controls are dependable under 
all operating conditions They rciiuirc little labor lor installation or time for making 
propel adiustments Wiite (oi C’atalog No lOOAS 


SENSATHERM 



hAticincly sensitive ther- 
mostat which rc(iuiics no 
aitdicial stinuilation to main- 
tain an even loom tempera- 
tme Oiieiates on tempcia- 
t art' v<iridt ion ol ) i° above or 
below i)oint set (total dil- 
lerential 1" h') Small in si/c, 
neat in <ippearance and un- 
lailing m perlormance 


COMBINED PRESSURE AND LOW 
WATER CONTROL 

These instiuments guard 
against the ha7ard of building 
up excess pressure or firing 
ml 0 dry boilers Have visible 
calibrated dials which show 
the pressures at which in- 
stiumcnts arc set to operate 
install and a(hust Every automatically 
fired steam boiler needs this protection 



TRANSFORMER-RELAY 

gf I A low voltage transloinicr- 

relay l)ut also opeiates as a 
men uiy coiitac 1 repulsion re- 
lay l)oc^ not luimorchatter 
fSjpMH No residual magnetism De- 
signed to meet severe seivicc 
lyMilB conditions encountered \vith 
automatic operating C(|Uip- 
meiil 

Wntc Icjr Bullet m IKK; 


SAFETY CONTROLS 

“K” line controls have a 
number ol desirable teatures 
which make them pre- 
eminent in the field KM I 
illustiated herewith, is for 
burners employing intermit- 
tent ignition Other types 
available These controls 
offer positive protection against flame or 
ignition lailutc 



PRESSURE CONTROL 


STOKATIIERM 


These nistrunicnts arc not 
only reliable over a long 
penod ol years, but they are 
also easy to install and adjust 
loi all operating conditions 
\ Available for steam, hoi water 

and warm air furnaces These 
instruments represent a great saving in 
time as it is not necessary to do any 
figuring 



This stoker control oper- 
ates stoker for only the very 
shortest periods necessary to 
maintain a fire while ther- 
mostat IS off Prevents over- 
heating and saves fuel Auto- 
matically stops stoker in case 
fire goes out A Mercoid 
Stok-A-Timer is also available 
where a reliable stoker timer is required 



1113 



Temperature Control 


Minneapolis-Honeywell Regulator Company 

Factories MINNEAPOLIS, MINN, PHILADELPHIA, PRNNA , and WAHASII, TND 


Branch Offices 


Akron 

Columbus 

Haverhill, Mass 

Nmv Oulbans 

San Fuanciwo* 

Allbntown 

Dallas* 

Houston 

NhW Youh.* 

Scranton 

SP.ATTLB 

Atlanta* 

DaT[TON 

Indianapolis* 

Oklahoma City 

Austin, Minn 

Denver* 

Jackson, Mich 

Omaha* 

SiouK Kali*, S D 

Baltdiorb 

Des Moines 

Blalamazoo 

Peoria 

SpttiNarihLD, Mass 

Birmingham 
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THE MODUTROL SYSTEM OF AUTOMATIC CONTROL 
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Room Thermottat 



HwmdUy ConiroUar 



Electric Motor 
Radiator Vahe 


for Heating, Ventilating and Air Conditioning 

The Modutrol System designation is applied to any combination 
of Minneapolis-Honeywell Automatic Electric or Pneumatic Controls 
or Self-contained Automatic Valves used to govern the operation of 
air conditioning or heating systems other than the small domestic 
installations. 

INCLUDES SUPPLEMENTARY EQUIPMENT 

Supplementing the modulating controls is a wide variety of on-aiul- 
off or two-piston motors, controllers and valves, both electric and air 
actuated, thus making the Modutrol System extremely Qcxible as 
to the selection of control equipment to produce the (Icbircd results 

EMPLOYS BOTH ELECTRIC AND PNEUMATIC CONTROLS 

The Modutrol System provides both types of control, thus 
enabling us to make a real contribution to the heating, ventilating and 
air conditioning industry With the Modutrol System Minneapolis- 
Honeywell is prepared to offer comprehensive and unbiased recom- 
mendations for installation in all types of buildings, existing or new, 
large or small, at prices commensurate with the needs of each proicct 
These recommendations include 

1. Pneumatic control only, where that type of control will give 
satisfactory service and where low first cost is of special 
importance. 

2. Combination pneumatic and electric control where a somewhat 
higher degree of accuracy is needed 

3. Electric control in those installations where precise, flexible and 
dependable results are required 

REDUCES GOST OF HEATING OR AIR CONDITIONING 
SYSTEM OPERATION 

In new buildings or old, a lowering of operating costs, and an 
immense improvement in the comfort delivered, can be accomplished 
by considenng the control system as an integral part of the heating 
system In fact, automatic control systems today cannot be con- 
sidered as accessory to the heating systems. 

PROVIDES TRUE MODULATION 

Viewed from the performance standpoint, the electric controls of 
the Modutrol System offer a dependable means of effecting true 
modulation of the temperature, air flow and humidity, though our 
pneumatic controls provide a degree of modulation which is salis- 
See also Page 983 
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Minneapolis-Honeytodl Regulator Company 


Temperature Control 



l.icloiy lor many ins>tallations True modulation means automatic 
proportionmji ol heat, cold air flow, or humidity in exactly the re- 
fiuiicd «imount lo ollsct chant^eb in the heat loss or relative humidity 
h'uilhoi, m (he Klcctric Modutrol System the well known depen- 
dability ol elec ti 1 C siv itches and motors, the permanency of elect ric 
wiiimj, the flexibility of scll-contamed units and the accessibility 
ol Ciich and eveiy poilion ol the eciuipment represent just a lew 
ol many advanl«ii'es olicred in this modem means of air con- 
ditioning control 

RESULT OF OVER A HALF CENTURY’S EXPERIENCE 

KiKy-onc voais of concentration upon temperature control 
problems has limit up within the Mmneaixilis-Honeywell organiza- 
tion the knowledge, tec hniriue and engineei mg ability which have 
pioduced the Modutrol System as well as the comparatively 
simple domestic control systems 

ENGINEERING SERVICE 

'Fhc Mmneapolis-Honeywell Automatic Control engi- 
neer IS at your service at all times He will be glad to 
lurnisli you with recommended control layouts and cost 
estimates 

He is trained to recommend control results before 
instalhition of eciuipment and to produce control results alter the 
mslallation ol ciiuipmcnt has been completed 


Motonzul Valve 



litufju Clod Tin modal 


COMPLETE INSTALLATION SERVICE 

Minnoapolis-Honcywell Branch Olficcs are equipped to make the 
complete installation of the Modutrol System for control of Air 
Conditioning or I feat mg installations Thoroughly trained men are also 
availal)lc to supervise, adjust, or service the control equipment A stock 
ol sl«mdaid ccmtrol eciuipment is carried at more than twenty points 
thioughoul the country lor quick delivery 

RESPONSIBILITY FOR ENTIRE CONTROL SYSTEM 

'Fhe Modutrol System and its supplementary equipment is so 
complete that the Minneapolis- Honeywell Regulator Co is equipped to 
assume (he entire lesponsibility for any control installation, thereby 
elniiin<iliiig (he diflicultics and misunderstandings which the division of 
lesponsibility may cieate 

TYPICAL SPECIFICATIONS 





Modutrol Moior 


A complete set of typical specifications covering automatic 
contiol systems for use in heating, ventilating, and air con- 
ditioning IS available for use by engineers and architects 

DESCRIPTIVE LITERATURE 

Catalogs arranged according to the following subdivisions 
are available upon request 

1. The Modutrol System. 

2. Air Conditioning Controls 

3. Oil Burner Controls 

4. C^s Heating Controls 

5. Stoker Controls 

6. Industrial Regulator Controls 

7. Refngeration Controls. 

8. Complete Condensed Catalog 

9. Brown Instruments for Heating, 

Ventilating and Air Conditioning 


In addition to this literature, complete data sheets are available, including technual 
information on all equipment in the Modutrol System which is of prime interest to the 
engineer. These pages will be furnished on request. 
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Temperature Control 


National Regulator Co. 

Manufacturers and Contractors 
Factory and General Offices 

2311 Knox Avenue, Chicago, 111. 

Complete Systems for Control of Temperature, Humidity, Ventilation and 
Air Conditioning. Metaphram Damper Regulators for Domestic Heating 
Boilers and Tank Heaters. A-Jacks High Pressure Steam Damper and Com- 
bustion Control. 





A National Control System lor tcmi)eraUire, hu- 
midity, ventilation or air conditioning comprises 
coordinated equipment easily understood by local 
operating engineers Each system is planned to meet 
the requirements of the individual building to assure 
proper regulation 

National Thermostats (Room Type) — Air operated , 
simple, two-temperature and compound types for direct 
radiation, direct radiation and unit ventilating ma- 
chines, straight blast heating, ventilating Ian units and 
dampers 

National Thermostats (Duct Type) - Air operated, 
for ventilating duct or blast heating control and hot 
water tanks 

National Thermostats (Industrial) for control of 
industrial and process temperatures 

Metaphram Valves — Air operated, for diiect radia- 
tion, steam lines, hot water tanks, humidifiers and 
accumulator control. 

Metaphram Dampers— Air operated by Metaphram 
motors, for accurate automatic control of ventilation 
and blcist heating Built in round, double or louvre 
types, of black or galvanized steel or special metals 

National Control Boards — Located in engineers 
room or central place for remote or zone control of 
pneumatic or electnc-pneumatic switches in con- 
nection with two-temperature and zone control systems 
under manual or time-clock operation , operating valves 
or steam lines, radiation, or ventilating fan units and 
dampers 

National Air Compressors — Self-contained, auto- 
matic units for unfailing operation of National ap- 
paratus and equipment 

Metaphram Damper Regulators for all domestic hot 
water or low pressure heating boilers, gas, oil or coal 
fired. 

A- Jacks Control for high pressure boilers (15 lb to 
300 lb pressure) giving synchronized control to boiler 
pressure and fuel consumption 

Catalogs and Bulletins — ^Thoroughly illustrated 
bulletins are available on all products Engineering 
assistance will be rendered without obligation 
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Temperature Control 


National Regulator Co. 

Manufacturers and Contractors 

Factory and General Offices 

231 L Knox Avenue, Chicago, 111. 
IMPROVED INSTRUMENTS FOR AIR CONDITIONING 



1* \loisum iintl lvl>i 
Suhtnasln llunnaslul 



llumtdttv ( onttoUer 



Zone Control Valve 


'riic (Ilut and room type ot 
Siilmuistcr Thcrnioslat (lejt) 
.lie ie.ul]ust.il>le by a master oi 
pilot thei mostat measunni* the 
teinpci.iture at a distant point 
or by a t»iatluatcd switch or <i 
humidity controller Pressure 
rhani*cb m the bianch line 
leadint* lioui master stat or 
switch c.iuse a readjustment of 
the controlliiiy: temperature 
point of the Submastcr The 
instrument has simple adjusl- 
incnt mechanism so that the 
ratio ol change may be modi- 
fied 


Humidity Controller (left) 
with indicating dial gradu- 
ated in peicent ol relative 
humidity and accurately 
c .il ibratcd Redesigned to 
iihike a sturdy, depend- 
able mstiumcnt and one 
easily sci viced 



National Gauge Board 

Temperature Control 
System directed by 
program clocks 



Improved duct or insertion 
type stat of brass and Invar 
steel, closely calibrated 
Made in straight and reverse 
acting, gradual or positive 
Dewpoint and wet-bulb stats 
and air stream stats 


Suniiiicr-winter Thermostats (right) ate 
made direct acting for winter use and 
icverse acting for summer use The 
summer control point may be at a higher 
temperature than in winter The switch- 
over from winter to summer may be made 
by manual switch or by pilot stat feeling 
outdooi condition 


Metaphiam remotely controlled Zone 
Valves (left) The unit illustrated is a 
12 m valve Valves of this type have 
been manufactured up to 16 m in size 


u 



r* I 


Room Type 
Submasier Sum- 
mer-wtnter 
ThernwUal 


Sensitivity Control. Many National Thermostats are provided 
with mechanism so that sensitivity may be adjusted on the job. 
This is a desirable feature in that it fits the thermostat to various 
conditions of time lag or load change. . , . , 

Also static pressure regulators, positive and gradual switches, 
positive and gradual relays, electric-pneumatic valves. 
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Temper (dure Control 


The Powers Regulator Co. 

4S Years of Temperature and Humidity Control 

Offices in 45 Cities— See Your Phone Directory 

General Offices and Factory: 2719 Greenview Ave., CHICAGO; 
General Eastern Office: 231 East 46th Street, NEW YORK; 

1808 W. Eighth Street, LOS ANGELES; 

The Canadian Powers Regulator Co., 106 Lombard St., TORONTO, ONT. 


PRODUCTS — A very complete line 
of compressed air operated and self- 
operating temperature, humidity and 
air flow controls for automatically 
regulating heating, cooling, ventila- 
ting and air conditioning systems 
and industrial processes. 

A complete line of self-operating 
and compressed air operated valves 
and regulators made for: Controlling 


steam heated hot water heaters, and 
submerged type heaters; and for auto- 
matically mixing hot and cold water 
or steam and cold water delivering a 
misture at a predetermined tem- 
perature. 

Dial Indicating and Recording 
Thermometers. High pressure steam 
traps and pressure reducing valves. 







POWERS ENGINEERING SERVICE 


As the accurate performance ol a heat- 
ing, cooling, ventilating or an air condi- 
tioning system, or an industrial process is 
so dependent upon its automatic control 
equipment, and as the cost of such control 
IS but a fraction of the entire system, the 
use of the proper type of regulation is 
always sound economy 

To secure the maximum return on the in- 
vestment in automatic control equipment, 
it is exceedingly important that proper 
selection of control apparatus be made 
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when each installation is being planned 

Forty-five years of experience m fur- 
nishing and installing temperature and 
humidity control for every conceivable 
purpose in all types of buildings has given 
us a wealth of experience from which you 
can draw in selecting the proper type of 
control for any purpose 

CATALOGS AND BULLETINS de- 
scribing any or all of our products fur- 
nished upon request Phone or write our 
nearest office See your phone directory 


Temperature Control 


Penn Electric Switch Co. 


Des Moines, Iowa 


Factory and Executive Offices to be located at 

Goshen, Indiana 


after April 15th, 1937 


Offices 

Xew York, Boston, Detroit, Chicago 
Export 

100 Vanck Street, New York Cit\ 
Distributors m principal cities 


Representatives 

Garland-Affolter Engr Corp , San Francisco 
Seattle, Los Angeles, Forslund Pump and 
Machinery Co , Kansas City, The Uhl Co , 
Minneapolis, Jules Beneke, St Louis, 

Monarch Sales, Denver 



Type B Thermostat 



Many years experience in automatic con- 
trol problems have equipped the Penn 
Electric Switch Company to produce 
controls to meet any and every condition 
encountered in temperature and air 
conditioning control 


Type 430 

Immemon Limit iiiiilch 



Type 734 Tmetrol 


Each device illustrated, and all others 
produced by Penn have the vital differ- 
ences which have won Penn it’s enviable 
position in the field of control 


Penn engfineers and field representatives 
are available for consultation with manu- 
facturers having problems involving the 
use of control mechanisms We offer this 
service to manufacturers without cost 
A request on your letter head will place 
the entu-e facilities of the Penn organiza- 
tion at your disposal 



Type 550 
Bloker Control 




T" 


Type iOO Steam 
Presiute Limit Su'itch 



Type 207 

Refngeratum Control 





ModdLRT 

Unit Heater Coatrci 




Type 503^ 

Fan and Limit Switch 


Engineering Service is Send for literature on any control listed 
available on request or for complete catalog. 
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Temperature Control 


Ranco, Inc. 

001 West Fifth Avenue, Columbus, Ohio 
For 23 years makers of circuit breakers, precision 
domestic, commercial and air conditioninj^ controls. 

Rcprosonlativos and Jobbers in Principal dines 



lempcraluH 
C onirol 


Teuiperahue and limit 
Pttwiirt C Ill-Out (ouitol 


Ilmh Ptessun C ul-l)iU 
and Pn‘\surc C ontud 



llitlli Pusmtr 
( ut-Out 


Specifications of RANCO Type “RL” Commercial Controls 



C o<U 

HIGH PRiisURL 

cm -our 

RLn850 

PRESSURE 

RI P W)0 

CONIROL 

Constant 

C ul-Oul 


RLP 8()1 


1 ConsUiit 
Ciil-ln 

PRESSURE 
CONIROL WITH 

RI CP 1000 

HIGH PRESSURE 

cur-oul 

Rl CP 1001 


bniirif! 

Out I In 


135 lb 

175 

l<)0 


OIL) 


2011) 


511) 


25 11) 


Ran({C 


1 10 lb to 
2001b 


Cut-in tan be tid> 
[uslccl 5 lb to 45 
lb above a con- 
itanl ( ul-out 
pressure 

Cut-out: can be ' 
adjusted 5 lb to I 
40 lb below a ton- 
«itanl cut-m pres- 
sure I 

RLP 860 and RLH 850 combined in one tasc 


|20to401b 

Cut-out 

I*ressure 


ir to 50 lb] 

Cut-in 

Pressure 


Di/fcrential i UlIIows P iLting I 


Non-Adiustablb 
30 lb 


I 

Right angle fitting I Opens circuit on 
may be turned in' high pressure, closes 
any direction I ciri uit on return to 
14" SAC MALE normal 
THREAD 

Right angle fitting 
may be turned in 
any direction 
'//sac MALL 
lilRLAD 


Closes circuit on 
increase of pres- 
sure. opens on de- 
crease of pressure 


RLI^ 861 and RLH 850 combined in one case 


ELECTRICAL RATING Wi H P 1 10-220 V _ AC-^4 ,HP. H5-^0 V DC “ I. Amp 550 V AC ^ 

Ranco Controls possess iiuiiy exclusive and practical features, besides the funda- 
mental characteristics of absolute dependability, maintained accuracy ol calibration and 
differential accessaliilily and long life 

The above listed items arc but a portion of the instruments wc manufacture Our 
services are at your disposal in meeting your control problems 
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Temperature Control 


Spence Engineering Company, Inc. 

28 Grant Street, Walden, N. Y. 

Manufacturers of Pressure Regulators, Pump Governors, 
Weather Compensators, Self-Cleaning Strainers, Seco Metal. 


Advantages of Spence Regulators 

Accurate Regulation — Regardless of packless 
fluctuations in either load or initial pres- A balanced single seat is used even in 
sure Spence Pilots fit any size main valve, lar^e sizes, of SECO Metal, guaranteed to 

are connected to mam valve AMth unions, resist wiredrawing action of steam The 

and are guaranteed to hold a dead-end metal diaphragms, under normal con- 

All mam valves and most pilots are ditions, never require replacement 

Spence Weather Compensator — ^Type EWM3T 

This simple, dependable Control, 
when installed on a properly de- 
signed orificed heating system, will 
show a substantial degree-day steam 
saving, at a low maintenance cost 
The delivery pressure of the 
Regulator is automatically adiusted 
m direct proportion to the building 
heat losses In other words, as the 
losses become greater, steam pres- 
sure on the system is automatically 
increased 

Any number of zones can be con- 
trolled by one automatic Signatrol, 
automatic Wind Loss Compensator 
(Anemometer) Time Switch and 
Master Control Panel eciuippecl with 
Manual and Automatic Dials for 
each zone In this way each zone 
can be set individually and at the same time be under the Master Control When a 
Manual Dial is used, the automatic controls are cut off from that zone without affecting 
other zones 




Pressure Regulator — 
Type ED 

Designed to regulate a 
steady or varying initial 
pressure so as to maintain a 
constant, adjustable, de- 
livery pressure Applica- 
ble to heating systems, 
power plant operations, or 
manufacturing processes 


Combined Temperature 
and Pressure Regulator 
—Type ETD 
Self-contained, pilot oper- 
ated, dead-end Designed 
to control flow of fluid to a 
heating or cooling element, 
so as to maintain a constant, 
adjustable temperature, and 
protect the element against 
excessive pressure 



Electrically Operated 
Valve— Type EM 

Can be opened or clowscd 
independently by an elec- 
trical switch 

TypeET — Same as ETD 
except pressure control ib 
omitted 

Order a SPENCE Regulator 
for 40 days* free trial. 
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Temperature Control 


Sylphon Control Systems, Inc. 

(Subsidiary of Fulton Sylphon Company) 

AUTOMATK^ CONTROL SYSTEMS FOR HEATING, VENTILATING 
AND AIR CONDITIONING 

New York, N. Y. Knoxville, Tenn. 

Sales Representatives tii Principal Chties 


PRODUCTS AND SERVICE 

Sjlphon C'ontrol Systems, de- 
veloped and mamiiactiued l)v 
the Tultoii Sylphon ('o, and 
engineered, intitalled and herviccd 
by Sylphon ('onlrol Systems, 

Inc , a nation-wide organi/ation, 
oiTeis architects and engineers 
sell-act uat ed am I elect i ic syst ems 
and coinbinat ions theicol lor 
complete control of all types ol heating, 
ventilating and air eonditioning instal- 
lations These systems comprise 

1. Self-contained Control Systems 

utili/ing a complete line ol Sylphon sell- 

contamed, self-powered instriiinents re- 
el uiring no auxiliary power, motors, wiiiiig, 
thermostats, relays or switches Co- 
ordinated to provide entiioly automatic 
modiiltUini*, non-cycluiif control ol any or 
all luiu'tioiis ol air conditioning 

2. Semi-Self-Contained and Electric 
Control Systems -winch combine the 
desirable Icatures of the sell -contained 
('onlrol system with the advantages ol 
electric opeialion, wlu‘re* electric ther- 
mostats, huniidislats, piogram - clocks, 
motor - ojieratcd valves, dampers anel 
manually ope'ratc'd i emote slat ion switches, 
el( , are desired 


Outstanding features ol these 
systems are 

1. They provide true inodiila- 
liOH by correct automatic pro- 
poitioning of temperature, air- 
flow and humidity — with a great 
1 eduction in the complication of 
equipment necessary for the 
accomplishment ol this ideal 
control 

2. Simplicity, ruggedness, reliability — 
with no short-lived mechanisms to wear 
out piematuiely or get out of order — these 
systems are a sound investment in years of 
tiouble-free service 

3. Interchangeability of instruments in 
Sylphon Control Systems — offers almost 
limitless combinations of self-contained 
and electric instruments, both positive and 
modulating — permits great flexibility in 
their application to solve each particular 
control problem 

4. Moderate first cost- -extremely low 
operating cost practically no main- 
tenance 

To illustrate the complete line ol instru- 
ments developed for use in Sylphon Con- 
trol vSystems — a representative few' are 
shown below 



I 


Sitlphon 
Therinohtatft 
(4 tmO 



Stflphon 
Ilumidt^tat 
{.Wall Ti/fv) 




Siflphon No 7 
TemperrUurt Control 
(Svlf-ojkrating) 



Sylphon No 880-K 
Hmt Venltlaior Control 
{Nlettncally o/wro/rrf Ujpe) 


Sylphon 
IIumickHat 
(Insertion type) 



Sylphon No UiS-V 
Dint Tempeiature 
BeguuUor 






fhon Solenoid 
'alve (S types 
'or duids and 


Sylphon No 8Si> 
Automatic Radiator 
Valve 



Sylphon No 889 Sylphon Damper Motors 
Umt Yentilaior Control (Sdf-operaimg and 
(Sdf-opmted type) dectnc types) 



Sylphon No 971 
Differential 
R^ulcdor 



Sylphon Dampers 
(four iypee-^ 
metal construction) 


See also Page 1109 
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Values, Air 


Anderson Products Incorporated 

Cambridge, Massachusetts 

Manufacturers of VENT-RITE Radiator Air Valves— Originators of BAL- 
ANCED RADIATION by Controlled Venting and the VENT- VAC System 



VENT-RITE RADIATOR AIR VALVES 

A Complete Line of Eleven Vent-Rite Valves — Moderately 
Priced, four of which are illustrated — is available to meet every 
venting requirement Their Wide \’^enting Range and Tamper 
Proot Adjustment Improve the Operation ol Any One-Pipe 
Steam Job 


Vent-Rite Controlled Venting is 
Basically “Right»’ 

The correct venting rate tor each radiator m a system that will 
insure Positive Controlled Distribution of steam, CAN NOT BE 
predetermined It requires actual regulation after installation to 
“Balance” that particular system on which the installation is 
made 

The \ enting rate ot Vent-Rite X'alves therefore, is not limited 
but expressly provides as many as 540 venting rates by means ol a 
modulating \ alve construction This venting range, from entirely 
closed to the lull open position of a Jfe m diameter orifice, is 
ample to Balance and Control the distribution of steam to any 
number of Radiators 

Thus, Vent-Rite Valves, set b> the Heating Contractor, make 
Controlled Distribution a practical teature regardless of the 
Number of radiators, their Sizes, Distances from the boiler, or 
Pressure Carried. 


Types and Construction 

\’ent-Rite X'alves are made in both vacuum and non- vacuum 
types The construction of the \ acuum types does not depend 
upon a ball or disc check to maintain vacuum This is accom- 
plished by a sensitive and positive acting bellows, internally 
subjected at all times to atmospheric pressure which elongates the 
bellow’s, and closes the vent w'hen the internal pressure m the 
valve is less than the atmospheric pressure, thereby perfecting an 
inner vacuum seal 

Vent-Rite Valves are Take-apart Construction — Noiseless m 
Operation — Positive in Action — Seal by Float Action against 
Water — Will not Leak or Sputter — Close Thermostatically under 
Temperature — have Tamper-proot Adiustment — ^Wide Range 
Venting Control 

Vent-Rite Valves are made of fine non-rusting — non-corroding 
materials to insure years of trouble-free service Bases are Brass 
Drop Forgings, Valve Pins are Nickel Silver, Finish is Chromium 
Plate (except Convector Valves, w^hich are Nickel Plated) 


Vent-Rite Air Valves and the Vent-Rite Balancer Reach Consumers Through 
Plumbing and Heating Contractors Only. They are available to the trade 
Through Selected Recognized Wholesalers Only. 
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Voices, Air 


Anderson Products Incorporated 

Cambridge, Massachusetts 



The Vent- Vac System optMateh as an Open Al niosi)hcri( and Xacuiiin System com- 
bined, rot. immi; only the (lesii<d)le, piailual IcMliucsol both systems 

The system is cstalilisiied on one-tnpe steam ]ol)s by installinp: the Vent-Rite 
Balancer, to operate in conjunction with No. 2 Vent-Rite Vacuum Valves. 

'Phe Wnt-Rite Ibibimer is a solenoul operated valve which automatically returns 
a system under vacuum to atmospbeiic piessiue at the begmnmj; ol every firing cycle 

The Vent \'ac System Positively Insures 

1. The contiolled distnlnition ol steam as it is geneiaLed, so that All Radiators are 
Heated at the Same 'Pime on Kvery Rinng Cycle. 

2. A luithei (ont lolled htii (list iilml ion, undei vacuum To All Radiators in 
Proportion to 'Pheii RCsSpective Heat Losses. 

The \>nl-kite Balancer is tb'^f, m m height and Mf*io in in diameter It luiutions 
AulomatK'ally at all times to meet instantly the ie<iuirements ol \ enting. Intake, Ther- 
mostatic ( losing and Mo«it Seal Action 

With the system under vacuum and the room thermostat demanding heat, the firing 
unit aut()ni<itu<illy starts and, at the same instant, the Balancer Solenoid is cncrgi/ecl, 
opening the venting oiifii'e ol the Ikilanc'ei to intake air (later to expel air as steam is 
generated) 

The distribution ol steam, as it is generated, is so controlled by the use ol Veiil-Rite 
Valves that all raduilors .iie liealcd at the same time on cvciy firing cycle When 
indicated room teinpei.iture is re.iched, the Iherniostat shuts oil the burner 

After the firing unit has stopped, a lurthei controlled Hlu distributicni is pioMcled by 
vapor, under vacuum, to <dl radiators in pioporlion to their respective heat losses 

When the vapor cools to the point where room temperature is no longer satisfied, 
the thermostat ag,im calls loi heat, the firing unit is started, the Solenoid is eneigi/ed, 
the Balancer returns the system to atmospheric iiressurc, and the Vent-Ritc Valves 
return to their original set positions Thus the cycle is completed and controlled dis- 
tribution on the next cycle is assured 

The Vcnt-Rite Balaiu'cr is installed on the boiler or on one of the mams It is elec- 
trically connected with the automatic heating unit and operates automatically m con- 
junction with the heat c'ontrol or thermostat 

The Vent-Vac System has so improved the operating efficiency of One- Pipe Steam 
Systems that Architects and Engineers can now specify One-Pipe Steam Jobs for larger 
residences, moderate si/e lactones, hospitals, schools, etc with confidence that the 
system will provide ade(|uale, and econoimcal heat 
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Valves 


2620 Big Bend Blvd 


Alco Valve Company, Inc. 

AUTOMATIC REFRIGERANT CONTROL VALVES 


St. Louis, Mo. 


THERMO EXPANSION 
VALVES — They assure posi- 
tive independent, automatic 
control of liquid feed in each 
retrigerated unit ot a multiple 
s> stem 

The> automaticall> regu- 
late liquid teed and suction 
pressure in accord with the 
refrigerating load in any unit 
thereby materially increasing 
the efficiency of the compres- 
sor as well as the e\ aporatmg coils 

They provide a positi\e method of obtaining a maximum wet interior surface in any 
t\ pe ot evaporator 

They are sensitne to the slightest change in suction superheat, but are adjustable to 
control the liquid flow at any required degree ot suction superheat without permitting 
the return of liquid refrigerant to the compressor 

There is a size and type for all refrigerants and all capacities trom fractional tonnage 
to 60 tons Ammonia, 100 tons Methyl Chloride, or 50 tons Freon 




MAGNETIC LIQUID STOP VALVES 
— are positive acting, and tight closing 
The> are indispensable wrherever instan- 
taneous closing of the 
liquid supply line is in- 
dicated They are used 
extensively with expan- 
sion valves where the tem- 
perature difference be- 
tween the refrigerant and 
the refrigerated substance 
or area is very small 
They are also used ex- 
tensively w’lth Alco Float 
Switches to maintain a 
constant liquid level in 
flooded evaporators 
All types are available 
m all the ordinary’ pipe sizes up to in , 
and for tonnage capacities ranging from 
fractional tonnage to 350 tons Ammonia, 
115 tons Methyl Chloride, or 55 tons 
Freon 

LIQUID 
FLOAT 
VALVES— 
are provided 
with a pat- 
ented vent 
tube inside the 
body which 
prevents gas binding, and permits the 
valve to be installed at the highest point 
on a full flooded system even though many 
feet above the liquid receiver They may 
also be installed at a low- point in the 
system and will perform their function 
equally as w^ell Available in a variety ot 
capacities up to 25 tons Ammonia, 10 tons 
Methyl Chlonde, or 5 tons Freon 


MAGNETIC SUCTION STOP 
VALVES — are designed for use as suction 
line shut-off or as low side by-pass valves 
They are built without 
packing so as to operate 
successfully on heavily 
frosted lines Makes pos- 
sible individual control of 
two or more evaporating 
units in a multiple system 
even though there is a 
wide difference in tem- 
perature requirement or 
load conditions They 
provide individual tem- 
perature control in any 
number of refrigerated 
units in a series system 
either flooded or fed by a constant pressure 
expansion valve 

Built in m , ?4 in , 1 in , 1 ^'4 in , 1 in , 
or 2 in , si/es 


ELECTRIC 
FLOAT 
SWITCHES 
are highly ef- 
ficient for the 
maintaining ot 
a constant 
liquid level in 
individual flooded evaporators Particu- 
larly desirable for use on tubular coolers 
There is no liquid flow through the Float 
Switch By means of its electric switch, 
it operates a magnetic valve in the liquid 
line, thereby maintaining the desired 
liquid level to within a limit of less than 
one inch 
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Vahes, Air 


The Dole Valve Company 

Main Office and Factory 1001 -194 1 Carroll AvenUC, Chicago, 111. 

Branch Offices and Representatives in AH Principal C^ities 



The Dole \ cil\e C oni|)anv is a piotiicssive inanutactuici ol a.ii and vacuum valves lor 
one or two pipe steam and hot water heating systems 

There is a Dole An and Wu uuni Valve lor every [lurpose The line is complete and it 
IS kept up to dale h> aggressive designing, engineering and manulactunng policies 
Our latest coiitiibut ions aic the new' DOLIi NO 3A(’sin toiinec lion), NO 3B ( * i in 
connection) and NO SC in male, in lemale connections) AIR VALVES Here 
IS a picture ol the No SC An Valve 
These I)olc Nos 3A, 3B 
and 3C Air Valves aie 
designed to meet the in- 
creasing demand lor (lopu- 
laily pnted straight shank 
valves th«it give satis- 
Idctoiy venting peiloini- 
ance on systems w'lieio ex- 
treme water conditions aic 
encountered They ^losi- 
tivcly do not “stick'’ or 
spil water and they insuie 
free venting at <vn\ pies- 
sure up to If) 11) 

Look at the illiistiated 
installation suggestions 
Notice that a nipple < ou- 
nce t ion lb not leiiuiied 
when Dole No 3 Air 
Valves are mstallcMl on 
either cast non or copper 
conveclois, (irovided the 
heater has suKicicnl sp.ice 
to accommodat the 
siphon tube Do not c ut 
or bend this tube 

Another important ad- 
dition which rounds out 
the Dole line is the DOI-E 
NO 7 SK'.NAL AIR 
VAIA'E tor venting con- 
cealed hot water convec'- 
tors or radiators This 
valve actually signals the 
ofXiralor when all the air 
IS expelled 1 1 is vei y easy 
to operate (no holding a 
cup to catch the water o\ ciflow) and it is easy to install 

Dole Air and \'ac uuni Valves lor other venting purposes on one or two pipe steam and 
hot water heating systems arc the No 2B Vacuum Valve, No OR V’acuum Valve, No 100 
\'acuuni Valve, No 103 \acuuni Valve, No 2 Vacuum Valve, No 0 V^acuuni V'alve, 
No 1 Air Valve, No I Quick Vent Valve, No 5 Quick Vent Float Valve, No 8 Quick 
Will Valve, No 0 Quick V’ent Vacuum Valve, No 1933 Air Valve, No 10 Hot Water 
Key Valve and the Dole Compound Gauge 

Dole Air and Vacuum \ alvcs that are eciuipped with the new Vari-\'ent feature for 
“balancing” one pipe steam heating systems are the No 2B Van-Vent \’acuum Valve, 
No 100 Van- Vent V'acuum Valve, No 10 1 Van- Vent Vacuum \"alve, No 1 Van- Vent 
Air Valve and No 3A Van-Vent Air Valve 
We have prepared folders and illustrated price sheets on the whole Dole Air and 
X’acuum Valve line These are not only informative but make splendid sales material. 
They are yours lor the asking 
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Vahes 


Foster Engineering Co. 

109-113 Monroe Street Newark, N. J. 

Fifty-seven Years Experience in Designing, Manufacturing and 
Applying Automatic Valves to meet all Glasses of Control Service 
on Steam, Liquids and Gases. Standard and Special Construction 



Class 34G Pressure Regulator — Single bevel-seated Cstrainer protected), pilot 
operated, for single-stage reduction on steam or air for initial pressures up to 900 lbs, 
750° F T T. Maintains a constant delivery regardless of fluctuations of initial pressure 
or volume of flow and is adapted for deadend service Type 34G8 constructed with 
large diaphragms for delivery pressure 0 to 15 lbs Sizes H m to 12 in Bronze, semi and 
cast-steel 

Type 34U Pressure Regulator — Direct Acting Piston Operated for variable initial 
pressures up to 300 lbs, 160° F T T on water or air, adapted for deadend service Special 
construction to meet higher pressure Several types of pilot or direct-acting diaphragm 
actuated for low delivery pressure and intermittent service All types have renewable 
seat discs Sizes m to 12 in Bronze and semi-steel 
Class 35B2 Pressure Regulator — For service on steam in apartments, office build- 
ings, etc Initial pressures up to 250 lbs and constant delivery pressures 0 to 50 lbs 
Direct acting, double-seated type (not adapted for deadend service), lor variable initial 
pressures and volume Sizes m to 10 in Bronze, semi or cast-steel body 
Back Pressure Valve — ^Type illustrated shows unique yet simple construction with 
cornpensating spring and lever movement that maintains constant relation between 
spring resistance and back pressure A large internal dashpot cushions the valve and 
eliminates chattering Spnng range is 0 to 15 lbs Sizes 2}i in to 20 in Other types 
such as lever and weight construction available 

Temperature Regulator — Pilot operated, selt-contained, single-seated regulator for 
deadend service. Maintains temperatures of gases or liquids within 1°F =*= Pressures 10 1 o 
200 lbs Sizes in to 3 in Larger sizes to 8 in., double-seated Type 34T2, direct- 
acting, double-seated (not adapted for deadend service) for 0 to 125 lbs Sizes yi in 
to 6 in Bronze and semi-steel body 

Float Valves — Very sensitive valve for hot or cold w^ater service, being actuated by 
the pressure in the supply line Sizes range from H m. to 8 in Angle and Globe 
Several types made with piston and stem loosely coupled, adding direct-acting feature 
Bronze and semi-steel body 




Valves 



BRONZE - IRON - STEEL VALVES - SINCE 1864 

Mechanical Rubber Goods 

Principal Stores and Olhces 80 WhiU* Street, New York, N Y , 524 Atlantic Avenue, 
Bosion, Mass, !,{.{ N Se\enth Street, Piiii ad®lphia, Pa, 822 Washington Boulevard, 
Cun A(.o, Ii I , 510 Main Stic< t, Hkiim.i pori. Conn , (Office and Factory) Jenkins Bros , 
LiMirBi) MoNiKi'Ai, . (Works. Head Office); London, W C 2 




Vtf] Wh 

\ lironze (ilofu 
Rmeu'ahle (Uimp Ihs( 


hi{i *hVl 
Huime (iIoIh, 
Itafund-lim ii 


fxq m 

him liodn (■•Mx 


Fig m Fig SSB 

lirome (Jale Iron Body Oaio 


Fig 869 
Radiator Offset 
Gkhe 




OVER 500 DIFFERENT JENKINS VALVES 
COVER EVERY HEATING AND AIR CONDITIONING NEED 


To «i(le<iiuitoly dostiibo lltc coinplclc 
Jenkins line ol valves leiiuues a Catalogol 
more than 300 pages Theic arc over 500 
different types and jiat terns of valves that 
bear the trusted “Diamond’' trade mark 
Practically speaking, Jenkins can furnish 
any valve that you may letiuire for plumb- 
ing, healing, air comlituming, general 
industrial or CMigineeriiu’ service 

General Classifications of Jenkins 
Valves Include Hi on/e Valves fitted 
with Jenkins renewable composition disc 
liron/e Regnnd- Renew Valves with bevel 
and plug type seats Hi on/e Gate Valves 
Iron Hody Valves fitted with Jenkins 
renewable comiiosition disc Iron Body 
Regnnding Valves hon Body Gale 
Valves with solid wedge and double disc 
parallel seats All- Iron Valves Cast 
Steel Gate Valves and Swing Check 
Valves Electrically and Hydraulically 
Opciatcd V^iKes K.idi.itoi Valves Fire 


Line Viilv'es Quick-opening and Sell- 
rlosing Valves, Needle Valves, Y Valves, 
Solder-End Valves 

Other Jenkins Products Are — 
Colored Valve Wheels with or without 
service markings molded in relief letters. 
Composition Valve Discs exactly suited to 
service conditions Sheet Packing Gas- 
kets Monenefl Scotch Gage Glasses. 

CONSULT THIS HELPFUL BOOK 
This 307 page Jenkins 
Catalog not only gives 
complete details on over 
500 Jenkins Valves, but 
also it has a large section 
of engineering data and 
practical information 
about valves and lay- 
outs Make sure you 
have a copy, including 
the new Supplement “B “ 



JENKINS VALVES ARE SOLD BY MOST GOOD SUPPLY HOUSES 
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Valves 


New York Air Valve Corporation 


Chicago 

Boston 


Since 1898 

Detroit Clevelvnd 

St Louis Pittsburgh 



Orifice Control 
Air Valves 


611-621 Broadway, New York 


Vacuum Orifice 
Control Air Valves 


NYAVGO ORIFICE “CONTROL BY VENTING” VALVES 
Air which fills each unheated radiator must be driven out by entering steam belore 
heat IS obtained Using this air as an "air brake” and thus limiting oi increasing its 
evacuation time on each radiator, accordingly slows or increases speed ot entering steam 
and its consequent heating time 

The NYAVCO Orifice Control Air Valve incorporates in one valve si\ gradually 
ascending vent speeds, which make possible the simultaneous heating of the largest and 
smallest radiator — or the equalization in steam delivery ol the larthest unit Irom or 
nearest unit to the boiler Thus balancing the lob 

The NYA\ CO method of metered venting can so "time” each room radiatoi large or 
small — near or tar — as to heat simultaneously, on coal fired constant heat lobs, or w'lth 
room containing the automatic control (d an automatic gas, oil or stoker fired lob) 
NYAVCO venting is last because ot unusually large vent port It can only be set by 
the heating man — is consequently tamper-prool — because it is " locked in” the "armored 
cap” by him Has a definite metered disc — Does not depend on thread or needle valve, 
but actual room or distance equalizing on each setting 



Air Valve— F or one or t \v o 
]3ipe gravity steam jobs 
— Note open 
cut show mg 
indestructi- 



Vacu-Seal Vacuum- A 
ball check type vacuum 
valve — lor use on inter- 
mittent heat- 
1 n g jobs 
where price 
IS a consider- 
ation 

Made also in 
\ in . 

^ 2 in , Straight 
Shank and * t 
in Quick Vent 



Gold - Seal - Lock- Vac- 
uum The Bellows oper- 
ated atmospheric pres- 
sure locked \ acuiim 
V'alve, w'lll 
maintain 
vacuum on 
one pipe 
gravity 
steam jobs 
over very 
long periods 
Made in anKle 
and duitk vent 
types only 



Fig No 1 


Fig No J 


fig No JiO 


OPERATION OF VALVE 



INDESTRUCTIBILITY 

NYAVCO because of its open float and 
bi-metallic mechanism, depending upon 
actual steam contact functions immedi- 
ately and will operate efficiently under all 
service requirements of one pipe systems 
NYAVCO factory adjustment cannot 
be injured and valve is guaranteed fatigue- 
proof — rust-proof — shock- proof Write 
lor details 


GIANT 

Three Speed Air 
ELIMINATOR 
For Rapid Air Elimi- 
nation from Large 
Mains — Coils — Air 
Conditioning Units 
— Unit Heaters, etc. 

3 Speed control — m, 
^ in , in — Secured hi 
removing screw irom spet‘d 
size desired 

M in Size tor load up to 
1600 it 

% in Size tor load of 
1500 ft to 3000 it 

m Size tor load of 
3000 ft up 

Made in regular Venling 
and \ acuum Valve 0}i 
Actual Height 
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Ventilators, Roof 


The Burt Mfg. Co. 

VENTILATORS - OIL FILTERS - EXHAUST HEADS 

AKRON, OHIO, U. S. A. 

Reproboniatives in All Principal Cities 

Burt “Forst-Aire” Fan Ventilators 



Dimensions - Weights — Capacities 


Inchon 

Ca 

Gdlv 

Oz 

Cop- 

per 

Net 

Wt 

Lbn 

Overall 

Dia 

Inches 

Overall 

1 Motor 

Free Air 
Capacity 
CTM 

Height 
In -• 

HP 

RPM 

12 

22 

16 

82 

~2I 

~3|i^ 

l/IO 

1725 

690 

14 

22 

16 

99 

251/2 

35 

I/IO 

1725 

1200 

16 

22 

16 

104 

271/2 

36 

1/8 

1725 

1850 

18 

20 

18 

125 

30 

38'/2 

1/8 

1725 

2440 

20 

20 

18 

151 

341/2 

43 

1/6 

1140 

2990 

24 

20 

18 

170 

39 

50 

1/6 

1140 

4300 

30 

18 

20 

347 

52«/2 

58 

1/3 

860 

6350 

36 

18 

24 

483 

60 

64 

1/2 

860 

10600 

42 

18 

24 

625 

69 

72 

3/4 

675 

11130 

48 

18 

24 

798 

78'/2 

80 

3/4 

675 

14500 








— 

__ 3 


‘'Kviusivt o| base 


Hoad Iliiih I-JlicieiK V, Ia)\\ Kcbihtancc 
Motor Mountinii Kiilihei ('ladlwl 
Secure 

Types SlaiKlanl Heat KesiMinu 
Acid Resisting Statu Piessuie 


Motors— Totally Enclosed — Fan Duty 
--Vertical, Ball Bcaiing — Class 1, Group 
D oiitional, Single or Multi-Speed, 110 V , 
1 Ph , Standard on o and >6 H P —220 
V , Ph on larger sizes 


Burt Frce-Flow Gravity Ventilator 

In the Burt '‘hree-Mow’* (iMV'ity Ventilator, traditional ilesigii 
was disregtuded wheie it ^^ah loiind not to pioduce desired results 
iNotue that the entiie disihaige liom the venlilatoi is vertically 
upward Note also th<it ahsiMue ot any internal louvres w hich wouhl 
ol air through the unit 

I he r rw-Mow” (»ia\ itv Ventilator meets a reciuireinent which 
has long been e\isterit loi a >vell made, leasonably priced super- 
capacity slationary ventilator Standaid material is prime open 
hearth galvani/ed steel sheets Optional material if desired 
We guaiantee this ventilator to haw a capacity cciual to or greater 
than any Statiomiiy Wntilaloron the market 

Dimensions 'Weights Capacities 




Mdtirtal 


Wind 
Hand In 



Net 

Wt 


1 Material 


Wind 
Band In 



Vent Size 

Ga 

Galv 

Oz 

Coppwr 

Air Shaft 
Diam In 

Mtidth 

Diam 

Height 

0 A Ht 
In 

Drain Siz 

j£ 

T! 

o 

Copper 

Vent Size 

Ga 

GaU 

Oz 

Copper 

Air Shaft 
Diam In 

Width 

Diam 

■1 

i 

0 A 

Height In 

u 

M 

CO 

S 

8 

24 

16 

8 


12 

16V/ 

Il2 

13 

II 

36 

22 

22 

36 

641/2 

44 

59 

2'/j 

10 

24 

It) 

10 

18 

14 

181, 

l'/2 

17 

15 

42 

20 

22* 

42 

75 

53 

68 

Wi 

12 

24 

16 

12 

22 

16 

25 

I'/2 

25 

22 

48 

20 

24* 

48 

85'/, 

60 

75 

2Yz 

14 

24 

16 

14 

25'^ 

18 

27 

I'/2 

31 

27 

54 

20 

28* 

54 

961/7 

68 

86 

i 

16 

24 

16 

16 


21 

30 

l'/2 

38 

33 

60 

18 

28* 

60 

108 

76 

94 

3 

18 

24 

IH 

18 

i2y2 

24 

36 

2 

50 

48 

66 

18 

28* 

66 

119 

84 

102 

3 

20 

24 

rB 

20 

}6 

27 

39 

2 

63 

61 

72 

18 

30* 

72 

130 

92 

no 

4 

24 

24* 

18* 

24 


31 

43 

2 

97 

92 

84 

18 

32* 

84 

150 

104 

125 

4 

30 

A 1 

22* 

20* 

30 

54 

36 

51 

2 

153 

134 

96 

18 

32* 

96 

171 

120 

141 

4 


Aiisli.ilt { *■) u (11)1 C'r.iuHos luMV'UT tluiii tiRurua shown 


NetWt 


_U 

237 

352 

460 

582 

902 

1113 

1352 

1766 

2284 


I 

§■ 

231 

300 

430 

620 

778 

970 

1238 

1171 

2196 


OTHER BURT VENTILATORS 
Sliding Sleeve Damper Unit. 

Ball Bearing Revolving Ventilator. 
Monovent Continuous Ridge Venti- 
lator. 

Burt High Efficiency Cone Damper 
Ventilator. 


BURT ROUND LOUVRE DAMPERS 

Can be fitted into any Burt Ventilator 
where an extremely close fitting damper is 
needed Edges felted if recjuired Easy 
operating m either hand or clamper motoi 
control 


Write for Burt Handbook of Ventilation Data 
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IVa/er Conditioning 


Ferro-Nil Corporation 

500 Fifth Avenue New York City 

WATER CONDrXIONING FOR AIR CONDITIONING 

FERRO-NIL SERVICE IS USED FOR PREVENTION OF CORROSION 



FERRO-NIL INJECTOR FOR AIR 
CONDITIONING EQUIPMENT 
Operation 

Close pressure valve No 1, open charg- 
ing valve No 2, and air vent valve No 4 
Now open discharge valve No 3 
After contents of injector have been 
entirely drained out, flush injector by 
opening pressure valve No 1 for a short 
time, permitting ^vater to flush out through 
discharge valve No 3 
After closing pressure valve No 1, close 
discharge valve No 3 
Pour into the funnel the required amount 
of Ferro-Nil through charging valve No 2 
Flush funnel and charging valve No 2 
with 1 pint of water after Ferro-Nil has 
passed into reservoir 
Now close charging valve No 2 and air 
vent valve No 4 Open pressure valve 
No 1 

Pour 1 pint of water into funnel to insure 
easy reopening of charging valve No 2 
Injector is now in operation 
Close valve No 1 •when water circulating 
pump IS shut down. 

Open valve No 1 at time water circulating 
pump IS started. 


All water used lor w'ashmg air picks up 
corrosive matter from the air The cor- 
rosiv'e matter may be oxygen, carbon 
dioxide, sulphur trioxide or sulphur di- 
oxide In air conditioning systems where 
w'ater is recirculated, the amount ot acidic 
material contained in the water may reach 
\ery high levels This acid water wnll 
corrode metallic surtaces with which it 
comes in contact In severe cases equip- 
ment has been knowm to lail alter three 
months’ operation due to corrosive action 
ot water used Engineers, Architects 
and Contractors can avoid responsi- 
bility for failure of equipment due 
to corrosion by specifying Ferro-Nil 
service. 

Ferro-Nil Service by maintaining water 
in a non-corrosive condition, prevents cor- 
rosion Corrosion causes high rates of 
depreciation Ferro- Nil Service by main- 
taining metallic surtaces free Iroiii rust and 
scale affords optimum heat transfer ol- 
ficiencies at all times 



Typical inatallalion of Ferro-Nil ihemxcal feeder on air 
uasner in transformer room — in this particular inslallalion 
Ut) deien air utashers are so equipped 


Let us submit estimate on cost of Ferro- 
Nil Service for your air conditioning 
equipment 
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INDEX TO MODERN EQUIPMENT 

American Society of 

Heatinc; and Vj;ntu>ating Engineers Guide, 1937 
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<ll‘l 

S 1 loIinsDii ( o , ‘l28-<)2‘) 
kilvinatoi Division ol N isli- 
kclvifidoi (oipoiation, 8(>7- 
Sl)‘). (> {0 

1 1 nno\ hniiuic ( o , Im , 8()I-S(>5 
M(( )|MV, Iiu oipoiatcd, Sll 
Miyci hiiiii.ui ( oiiip.in>, TIk , 8(i() 
Modiin* M iiuil.K (uini]> Co. (r)() 

I I Mucllci hill mu ( t'o, 870-871 
Niilional \it ('onditionmi*, Inc , 
S72 

IIiMiiuiii Nelson ('oip , I he, ()7(P)71 
Nuiivii i Blowei ( ompanv, 8i2-8,lS 
Noikc Division, BoiK-\Vain(‘i ('oi- 
poiatioii, S7 1, <) 12 
Scivel, Inc , SIKi 
lluMimil Units M iiiulaitiiiinit 
ConitKinv, 8,17 
Ti iiK ( ompanv, Im, lO'H 
Unit ll(Mt(M and ('ooUi (o, llie, 
<)()0 

W( d-Mi I am Compinv, MO'l 
Wistiimlioiisc MecLiic k Maiui- 
lactuiiiiK ( o ,810 
Williams ( )iI-( )-Matu IIcMtuiK C oi- 
jii nation, ,S7(>-S77 

\oik Ici M.icliinciv Coipoiation, 
811 

^'onnK Kadiatoi ('omp.inv, 'Kil 


AIR COOIJNC AND DKIIU- 
MIDIIWINC APPARATUS 
\eiolin Coipoiation, ‘.M»2-‘H)I 
An Devices Coipoiation, SIS-SP) 
\ntcnip Incoipoiatcd, H 11-815 
\mciuan Blowei C'oiporation, 820- 
821 

\meiuan (kib Products C’oip , 8M7 
\meiic,in MoisU*imifj Company, 
S17 

Autovciit h.iu It Blower ( o , M15 
IkikiM Ic(‘ M.uliinc C'o , Inc. , 822 
Bavh'y Blower Coinp.iny, ‘IKi 
Bmks M.inulactuiini? Co, IU8-MJ') 
Biillalo horue (’oinpany, ‘>17 
h K t'amphcll IIiMting C’o , MhM 
( 'aiiiidiaii Siroci'c) Co , Ltd , 820-821 
t arbondale Div„ Wortliinffton 
Pump & Macluncrv Co , 82, ^ 
('ariiei Corporation, 821 
CliUiiKO Pump t'ompanv, 1054- 
10.5,5 

C laiane h.in Company, 825 
C lam Co , <I01-‘KK5 
Ciirtis RctiiKiratinK Machine Com- 
pany, Div ol Curtis j.Manu- 
iactiinna C'o , 820 


Delco-hiiuidanc Conditioning Di- 
vision, (rcneial Motors Sdes 
Coiporation, 8,52-851- 
C A Dunham Co, ll)7(.-l()77 
KU‘aiol Incorporated, Sl()-817, M27 
Kaiibinkb Moise k Co , 82S-S2‘) 
hodders ManulaLlurini? C'o , ‘).5S 
brick ('ompany (Incorporated), S27 
C^cncial IMectiic C ompany, S()0- 
Shl, 1()2 Ih1()27 

(Jrimudl ('ompany, Inc , ‘KK)-()I»S, 
107S 

Ilcniy Kiiinace k, hoiindri ( o , 
8l»2-8(i.i 

111? Llectiu VcMitikitinii C'onipaiiy, 
‘DM 

InucMsoIl-litind C'onipanv, 8.10-8 U 
kclvinator Divibion ol Nash- 
Kelvinatoi c:orp , 8h7-8h‘), ‘HO 
Lamson C ompany, 1 lie, 878 
McCjuay, Incoipoiati'd, 8D 
Modine Manulaitimni' Co , M5‘) 
National Air C'ondiLionint', Inc , 872 
Ileimaii Nolboii C oip , Tlic ‘)70-‘)71 
Niafjaia Blower ('ompanv, S{J-S,{,{ 
Noikc Division, BorK-W.irnci Coi- 
poiation, 87.1, ‘) 12 
Paiks-C lamci Compiiny, 815 
Reseat cli ( oipoiation, SSO 
Scivel, Im , 8;i() 

II K Still tevant ('o , ‘) 51) 

Tlmrinal Units ManiilacLutiiiK 
Comiiany, 8.17 
Tiane C'ompiiny, Ihe, lOMI 
Utua Riidiator ('oipoiation, 87 1- 
.875 

Viltei M.imilacturinu ( ompany, 
Ihe, 8.1‘) 

WestiiiRlioiibt' KleiLiic & M.inu- 
lactunnR C'o , 810 
Williams Od-O-Matic lliMtinR Coi- 
poiation, 87(1-877 
L I WihrMIr C'o,Mr)l-‘».55 
York Ice MaclimiMj Corpoiation, 
811 

\ounR Radiator Company, ‘Kil 

AIR DIFFUSKRS 
Xnemostat Corpoiation ol Amcma, 
1050 

Vuer Register C'o , The, lOhO 
Ilarber-Ciolman C'ompany, 1101- 
1105 

Halt & Cooley JVIanulacturinj? ( o , 
l()t)2-10().l 

Independent Register Co , The, 
lOhl 

Tuttle & Bailey. Inc , l()()l-l{)()r> 
W.iterloo RcRibter Comptiny, The, 
10()() 

AIR FXIMINATORS 
Ameiican Radiatoi Company, 818, 
8*^8-001, ‘171 

Bc‘aton & Cad well MIr ( o , The, 
1072-1073 

Burnham Boiler C'orporation, M()2- 
‘JOl 

C A Dunham Co . 1070-1077 
Hoffman Specialty C'o , Inc , 1080- 
1081 

Illinois EnRineerinR Company, 
1082-1083 

Milwaukee Valve Co , 108()-1087 
Mueller Steam Specialty Co , Inc , 
1088 


Numerals followiii]! Manufacturers' Names refer to pa^es in the Catalog Data Section 
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New York \ir Valvt Corporation, 
1L30 

Sarco Company , Inc , lOUi-lOM i 
Sterling Engineering Compan>, 
10S9-1091 

Trane Company, The, 1094 
Warren \\ ebster ic Companj , 10 *>t- 
1097 

Wnght-Austin Co , 1(J9S 

AIR FILTERS (Stt- l/r LUaning 
Equipments 

AIR HEATING SYSTEMS ( Sf-t 
Heating 'Systems, l;r) 

AIR MEASURING AND RE- 
CORDING INSTRUMENTS 
\mencan Blower Corporation, SiO- 
sJl 

Babcock Jk Wilco\ Compans , The, 
914 

Binks Manutactunng Co , 9JS-9d9 
Bnsstol Compani , The, 

Brown Instrument Company, 983 
Builders Iron Foundry, 102 ■{ 
Canadian Sirocco Co , Ltd , 820-821 
Consolidated Ashcroft Hancock 
Co , Inc , 9S4 

Julien P Fnez &. Sons, Inc , 1108 
H-B Instrument Co , Inc , 985 
Ilhnois Testing Laboratories, Inc , 
98b 

Johnson Ser\ice Company, 1110- 
1111 

Minneapolis-Honejwell Regulator 
Companj, 1114-1115 
Parks-Cramer Company, 8,1") 
Tailor Instrument Companies, 
98V989 

AIR MOISTENING APPAR- 
ATUS uStt- Huinidi fieri) 

AIR PURIFYING APPARATUS 
American Vir Filter Company, Inc , 
884-885 

Bmks Manutactiinng Co, 948-919 
Burnham Boiler Corporation, 902- 
903 

Garner Corporation, H24 
Coppus Engineenng Corporation, 
S8b 

Delco-Fngidaire Conditioning Di- 
\ision, General Motors Sales 
Corporation, 852-854 
C A Dunham Co , 1076-1077 
Ilg Electric \'entilatmg Company, 
949 

Independent Air Filter Co , SS7 
Niagara Blower Company, 832-S33 
Owens-Illinois Glass Company, 888 
Staynew Filter Corporation, 890- 

L J Wing Mtg Co , 954-955 
AIR RECEIVERS (See Receivers, 

AIR VALVES alv^^s, ■iir) 

AIR V'ELOCITY METERS (See 
Meters, -itr Velocity) 

AIR VELOCITY REGULATORS 
Johnson Service Company, lllCL 

nil 

Powers Regulator Co , The, 1118- 
1119 

Young Regulator Company, 881 
AIR WASHERS 

American Blower Corporation, 820- 
821 

Amencan Coolair Corp , 942-943 
American Radiator Company, 843, 
898-901, 974 

Please mentio 


Autt)\ent Fan Blower ( o , 94 "» 
Baker Ice Machine C u , Inc , S22 
Bay ley Blower Compan\, 94(» 
Binks Manuiaeturing Co , 9.J.S.9i9 
Buffalo Forge Company, 947 
E K Campbell Heating Co , 909 
Canadian Sirocco Co , Ltd , S20-S21 
C laragi* Fan Company, S2"> 
Delco-Frigidairt Conditioiiinu Di- 
MSion, General Motors ixiles 
Corporation, ,S '>2-8,54 
C \ Dunham Co 107l»-1077 
Electric Vir Heater Co , Div ot the 
Vmenean Foundry Eiiuipnient 
Co 957 

Gilbert 8. Barkt r Mtg ( o , ,S55-S,57 
Henry Furnace 8. Foundry Co , 
8b2-.Sb,4 

Meyer Furnace Company, The, Sb(» 
L J Mueller hurnaee ( o , S70-S71 
Niagara Blower Company, S 42-8 4.4 
Parks- Cramer Company , 84,5 
B F Sturte\ant Co , 950 
Trane Company', The, 1094 
Unit Heater and Cooler C o , The, 
9(»(J 

f^tica Radiatoi Corporatit»n, S74- 
875 

\'ilter Manuiaeturing C'ompany , 
The, 849 

A'ork Ice Machinery ( oipoiation, 
841 

AMMONIA COILS (See Coih, 
Immottia) 

ANEMOMETERS 
Julien P hrie^fC S<tns, Iiu , 1108 
Illinois Testing laboiatorus Inc , 
980 

Taylor Instrument Companits, 
9.88-989 

ASBESTOS PRODUCTS (Sn 
Insulation) 

Eliret Magnesia Manufaetunng 
Co , 1000-1(K)1 
JohnvManyille. 1000-1007 
Ric-wiL Company, The, 1021 
Ruberoid Co , The, 1012-1013 

AUTOMATIC COAL BURNERS 
(Stfe Coal Burnirs, lulomatit) 

AUTOMATIC HEATING SYS- 
TEMS (Ste Iltating SysUms, 
Uitomatii) 

AUTOMATIC SHUTTERS (See 
Shutltn, iutomatu) 

AUTOMOBILE HEATER FANS 
Torrington Mtg Co , The, 951-953 
BENDS, Pipe 

Baker Ice Machine Co , Inc , 822 
Crane Co , 904-905 
Frick Company (Incorporated), 827 
Gnnnell Co . Inc , 9()()-908, 1078 
Arthur Hams Co , 10'4,4 
Vilter Manuiaeturing Co , The, 839 
York Ice Machinery Corporation, 
841 

BENDS, Return (Set Pipe, Rt I urn 
Bends) 

BLAST HEATERS (See Heaters, 
Blast) 

BLOCKS, Asbestos 
Eagle-Picher Lead Company , The, 
1002 

El^t Magnesia Manufacturing 
Co , 1000-1001 
Johns-Manville, 100i>-1007 
Ruberoid Co , The, 1012-1013 

a THE GUIDE 1937 svhen writing 


BLOWER WHEELS {Stt Wluels, 
BUnen ) 

BLOWERS, Fan {Stt Pan, Suppls 
and /' \haust) 

BLOWERS, Foreed Draft 
Vmeriean Blower C orpoi iLion, 820- 
.821 

Vnieruan C oolair C oip , 9 4J-<H i 
\iitt)\eiit h'.in 8. Blower ( o , 94 5 
Baylty Blowtr Company, 9|() 

Binks M iniil.ii tilling Co, 9 )S-9,{<) 
Buttalo I'oige ( ompany, 917 
C inaduin Siroeto (’o , Ltd , 820-821 
Champion Blowei 8- hotge C o , 9 48 
C'laragt h. in C ompany , 825 
C oppiis EngiiKiring ( orporation, 
S8() 

C iirtis Reinmiating Maeliim* ( orii- 
panv, Diyision ol C iirtis M.imi- 
laetiiring ( ompany, 82(> 

Henry Fuinict ik Foiindiy Co, 
81)2-81) 4 

buy el, Iiu , ,8 44) 

B F Stiirteyant ( o , 950 
I'tua Radiator C'oipoiation, 871- 
875 

I I Wing Mtg ( (» , 95 4-955 

BLOWERS, luxating and V'onti- 
latmg 

Vir Controls, liu , 812 
Vme^riean Blowet ( oijioi.itioii, 820- 
821 

Vmenian C oolaii C oip , 912-94 4 
Vutoyeut han 8. Blower C'o , 945 
Baylty Blowci C'ompany, 9 44) 

Binks Manuiaeturing Co, 9.48-9 49 
Buttalo hoige C o , 947 
E K C ampbell lltMting Co , 94)9 
C'an.idian Sirocco C o , I ttl , 820-821 
C hampion Blowei 8. horge ('o 9 48 
Clarage Fan ( ompany, ,825 
Coppus Engmttnng C'oipoiation, 
884) 

Di‘Bothe'aL Diyision Vineiit in 
MaeliineN Mtt.ils, I tie , 94 4 
C V Dunham ( o , 1074)-1077 
Henry Iniinact ik hoiindiy C'o, 
S4)2-84)*4 

Ilg Kleetnc Ventilating Coiup^iiiy, 
949 

I enno\ I'lirnaei C'o , Iiu , 804-805 
McQiiav, Intorpoiated, 8 41 
Meyer Furnace C omiiany , The, S4>0 
I J M ut Her hurnace C o , 870-871 
Herman Nelson C'orp , rhe.070-<>71 
14 F SturtevantCo 954) 

Trane ('ompany, The, 109 4 
Williams Oil-O-Matic Heating 
Corporation, S74 h 877 
L T Wing Mtg C''o , 951-‘)5"( 

BLOWERS, Pressure 
American Blowei Corpoiatioii, 820- 
821 

Vmerican Coolair C'oip , 912-043 
Vutovent Fan & Blowei Co ,945 
Bayley Blower Company, 9 44) 
Buffalo P'orge Company, 947 
CTanadian Sirocco C'o , Ltd , 820-821 
Champion Blower St Forge Co , 948 
Clarage Van. Company, 825 
Henry Furnace & Foundry C o , 
8()2-8()3 

Ilg Electric Ventilating Company, 
949 

Ingersoll-Rand Company, 8.40-831 
B F Sturtevant Co , 950 
L J" Wing Mtg Co , 954-955 

BLOWERS, Turbine 
Coppus Engineering Corporation, 
88b 

to Advertisers 
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Gcnciiil KUtliu SliCI- 

Wil. 1(U(»1(U7 
ImWImiii ( onipiin\ llii . H7S 
B F StiiiU\.int 1 1 » 

L J WiiiR Mln i (» , ‘ni-M-r* 


I I Miu1WPiii.inic(o,S7(^^71 
NiiLiniiiil Kicliiitiii C. iniMuaCifin, 

SiMiUd iliutii ( iimikiiiN. 'IKMIll 
UniKfl SlattN Kadiitin (oiinn.i- 


BLOWKRS, Warm Air Furnace in,, , ( oiimiiitifin, S7I- 

Air ( imtioK Ini SI2 S7'i 

Amiiicaii Klii\b(i ( niiNU.itiiiii HJB- \Vi‘iI-Mil iin ( oiii]Mn>, <N)<) 
iUl 

\inifiL«iii C nnliUi I «iii» , *M2-*M,* IM)ILKRS, Down IHafl 
\uto\Tnt iMii A BliivkiM ( II 'in \niiiUiin ( miiiiiur 

Buftalo ( oinp mv. <117 S>lS-'M)l. «I7I 

R k ( anipiKlI lliMtiim ( (I , 'Hi<l Bnnibiii II ( oniiMiu, riii‘, 111 


IM>ILKRS, Down Drafl 
\niiiUiin ( miiiiiuu, Sit, 

S'lS-'HIl, <171 

Itiinhiiill ( oniiMiu, riii‘, 1101 


( iinidiiin ^iiKciit o lid KJ0-SJ1 ( <ii,'M)i-'IOi 


Cluiniiiion Itlowi i A Fiiiei‘ ( ii , 'IIK 
('lai.iftO I'Jn ( iMiiii.m\, XU’i 
Ko\ iMiin ui t II , llu , SlS-S“il 


iMiiiii A 1 foils ImiiiiNii itod, <117 
iMl/udilMins tiiiiloi (i)iiirKin\, liu , 
<I1S <ll'l 


(kmial Miiliu ('iimiiiii\. SlMU lloniv iMimui A iMiiindiv (i>. 


Mil, KVJIhIOJT 

IU‘ni\ iMiiiuui A hiiiindi\ ( oiii- 
Piin\i HIiJ-S(m 

I eiiiiiiN iMiiiiaio ( II I liu , Slil-Sli'i 


SliJ-Mil 

I< koi III ( oiii|i.iilYi OJI 
kiWiiiiio Itmlii ('oi|Miialinii, 'IJO- 
<L »1 


M(\im ^llrnall (iimiiin\ Hu Slili I iinkmiL Itmloi A Miu (iiiiiiMn>, 

I I Miiolli I Imiiiui o ( II . S70-S71 'IJJ-'K! i 

III niLin Ni Isiiii ('mil . flu , 'I7(S<I71 1 Imti d Mail s Riidiatm C'lniMiia- 

Tiano ( iiiniMiu, 1 lii>, Ufil (uui, 'lli-'ll t 

L I Winn kllK ( II , 'ril-'rr. BOILRRS, hlcclm 

BOILKK-BURNhR ( lano ( ii . <Nlf.<Nri 

Antonin Ini miNiialid KII-SI'i * 'W ‘L < ««'iwnv. WdS 

Am hill .Sto\o ind KaiiKo ( n, liu . HUi-ltU? 

Buinliiiui Itiiilii C iiiimi itiiiii <HKS- IW)ILKRS, Ciaj. Burninft 


iKU Xininiian (ta«i PtiNliiils ( mp , K<i7 

<\iinii ( iiipmaliim, SJI ''liTiJS «¥!'*“'" ‘ ««Mwn\. Hit. 

DokiKlifiKidaiii < imditiiiniiiK !>•- ■, "'“ilv''* n 

usinn. Ctomial MiHms Milih <»nMwi;v. Hus HOI 

C'liijHitaliiin. K-ia^i'il »*“« »'"*** ^ miMiiaUiin, 'MICS 

Floitiol, liuiiiiMiiatoiI, Sill, SI7, , •**’ • « 

11*17 h k i'amplKll IlisilinKCii ,<Mi<i 

(.arWiMKi Indiisdiis Im . SXS-S7I < *•>««* f « . *MII-«Kri 
(a^niiil Miiliu (iiiiiiwn\, SWS ISU'>-l'iiiUclaiio < iindilm^^^ 
uf,1 vision, (lOiU^ial Miiliirs Silis 

(.illin’tK Mir (o.hVnti-ir ‘’'"IKiafK'n. 

Ilmv iMiTnia- Iw |.iiiii«ln <.i. '.iii.ii S. luMls lm<)ii)m.afd. <H7 
Hfil^iil iMl/f'dilMms Biiili*i ( iimiMiiv, Ini , 

S 1 Ifilinsiin f (I . MJH-OJ'I 0I8-'I10 

krWiiutiii nivMtm III N.i>ai- »«■«»■ 

K<Ivin.i(ii >' 11111 , M>7-NI)I|.<I.W , Mil. Ill«>-llli!7 

Nfituin.ll All ('iinditiomnK, Im , { Kul»*i { 'imiMny. OUI 


llinikin Nolniin I'liip . I ho, 'I7IS071 
Niiiin Division, BoiiirWainot ('iii- 
IKiiatiiin, K7.(. *KtE 
Williams < Ml-O-Malii lliatiiui ('iii> 
IKiiatiiin, K7 (hH77 

BOILhR COMPOUNDS (Sn 
( om/HMHds lUuItt) 

BOILRR (R>VKRINC; (Sn (ifwi- 
fir«, Pi/v\ and Sutfatfs) 

BOILhR Fhl>l> PUMPS (Sn 
lUilltl fifld) 


kmams Boiloi ( iiiiuiraliiiii, 'KMS 
<K 11 

I iMikiml Bmli*! A Mlii ('iiiuiidny, 
«I 22 -<K 1 » 

L I Muolloi liuiiiaii Cii,H70-H71 

Naliiiniil Kadiatm Cnipot.ition, 
«K)I».<NM 

SiKiKor IliMtii ('iiniiMny, OlU-'ni 

Union Inm WoiLs, OJA 

Unitnl Matos ILidubii ('oipiiia- 
tion, OtJ-OlJ 

Waliriilni Bmh^s, Iniorporatid, 
'KOI 

BOILKKS, lliMtInA 


BOILhR PRKDhRS (Sn /■lo/m, Xnuitian («as Ihoducls ('otp , M')7 
lUtilti) Ainoiiian Kacli.itoi Company, Hid, 

niBBS .S,, /«*,,. „,!;i|J;2!c\»,U.Tl.r.«»n 

Biiiwmll ('iniiiMny, Thu, 1101 

BOILKR WATKR TRhATMhNT **“**** torporaUun. *KU. 

AiiUfitii I'lionmal A MiMidliiiKual k k ( ainplx-11 llwtimi ('ci , 'W) 
lCn«iiwofs WMi , . . t'lam* I o . «K>1-'I0A ^ 


Vincii ('oniiMm, Ini , Iho, K'U IMiivliiiipdam* ('ondilinninR Dh 
o/kiv 0 Bu I— vihion, Gomral Motors Sales 

BOILERS, (mikl-lron (SiilMnatum, KAS-SAI 

\moiuan K.idi.itoi ( oinikinv, Sl.i, l<Ii>itrol IniinpoiattKl, M4(i4(l7, 0X7 


leiS-'NlI, 071 


Harrar A Trotth, inuupinated, 017 


BiiinlifUn Itoilii ( oiiKiiatiiin, 'KU- liit/Rililuins Bmior Company, Ini , 


<KM 

('lam' ('ll , (MH-'KIA 
Dolm-KriKidani ( iiiulitiiminn l)i 


«)lH-^no 

('awral Hkitiic Company, WdS 
Mil. 10 X(h10X7 


visicm, (a‘ni>ial Motors Sales llcmiy Furnace A l^^iundry Co, 
('oiINiration, KU-HTil MiiOiiJ 


h Kesdui ('ompiinv. HJI 
kiwaniv Hmloi Ceii pi nation OJO- 
•1X1 

I iMilaiut Boiler A Mljr (omiiiin\, 

•Ua-'UI 

I I MikIIim iMiiniie (ii,K70-S71 
National ILuliatoi Coiiuiialiiiii, 
•MHiaNiS 

'MKHiot lleutoi ('onimnv, OKS'ill 
Imiiin lion WoiLs *hi> 

UmUd St.iUs Radialoi ( oipiiia- 
tiiin, ')1X-<)1 1 

Util a Kadifiliii Cm pm at ion, S7U 
S7ri 

Watt I him lifiiliMs, lmoiiioiate*d, 
'KEi 

\V(il-Mcl am ( nmikinVt 'M71 
BOlLhRS, MaAartno Feed 
Vmeiiuin Rfiduitni ( omiiiin>, M.t, 
S'lS-'KIl, «i7l 

Siumei lliaiei ('omiianv, OlO-'lll 
Wiil-Mi Uiiii ( oiniKiny, 'NN 

BOlLhRS, Oil Bummft 
Vnu^iean Kiidiateir C'emiiMiis, Sl,t, 
HOS-'KII, <171 

Kiitidow C'eimiunv* This 01 1 
Hiownvil Coinpiinv. llu*, 1101 
Kuinluin iioilii C oi|NiiaLuiii, 'NU- 
'MM 

B k ( aniiilM‘11 llesitine C o , 'Ni<1 
( tani ( II . <K)I-<XI.'> 

Davis hniiinminirC oipnt.iUiin, <171 
ISko-lniKiclaiie ConditioninK Pi- 
visum, (amial Motors Siles 
Coi iMiiatiiin, 

Mictiol liuinpoiatc'd, Kl(i4<l7, 027 
haiiiirA lulls, Imoiiuiiate'cl, 017 
iMl/Hihhiinb Boik*i ('omiMny, Inc , 
01}A(I10 

(tai Woixl Induslnis, Im , H jK*S'’i< 1 
Cfcmiral hkitiii ('omiuiiv, KliO- 
Mil, 10J(i-l(lU7 
S r liilinson ( II , <KtK-0J<) 
h Knek*! ( onipfiny, <121 
kvwami* KiiiliY t'liipination, 0X0- 
0X1 

laNiLiiiit BoiIli a MIr Ceimpanv, 
'iXX-'KM 

L I Miicllci hiunacf C o , h70dv71 
NtiLional Xu ('onditiiminR, Im , 
H72 

Nalnitud RadiaLoi ('oiiuiratum, 
«KNi-'HIK 

lli*iman Nilsim C'orp . The, 070-071 
Nothi* Divnsiim, ItiiiR-Wampi Cor- 
noratiiin. K7j. OtX 
SiM'DUT llisiu*! C'limpfiny, 010-011 
ifniim Iiim Winks 
United Stiles Raihatiii C'lnpora- 
tuin, OIX-OIO 

Utiea Radiatoi ('oipeiiatioii, H71- 
H71 

Watenfdm Benlms fnunpenaleel, 
0J() 

\Ve*il-Mclfdin Ceimiiany, <MHI 

BOILRRS, Steel 
Bigileiw CeimiMny, Tlu*, 01 "i 
BieiwiuU ('eimpnny, 1 lie, 1101 
Buinlum Boik*i CkuiKiralion, (KIJ- 
IKJd 

B k Campbell Ileatina Co , 0(i») 
C'eimbustiim RmimcciinH C^ornpam, 
01(1 

Pnv IS RmumK iinfl Coiporation, <)7.i 
lUistnil InexniMimted, Kl(i-SI7, <127 
lurrar A Tridts, Incairpoiateid, 017 
FiURibbeinfa Beiilcr Ceimpany, Im, , 
OKMllU 

Flnck Company (Incorpeirated), 8X7 
S T Johiuon Co , VX8-0X() 

R Kc«ler Company, 0X1 
Kewanoe Boiler CxnpoiaUoii, 0X(S 
0X1 


Numenlh foUowinft Menufaclurece* Nsmei refer to paRai in the GetMoR Detn Section 
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Lookout Boiler & Mti; Com.pan^, 
922-92 i 

National Radiator Corporation, 
OOb-QOS 

Spencer Heater compan\, 910-911 
Union Iron Works, 92”) 

United States Radiator Corpora- 
tion, 912-<>13 

Waterfilm Boilers, Incorporated, 
V2h 

BOILERS, Water Tube 
A.mencan Radiator Company, SU, 
S9S-901, 974 

Babcock S. W ilco\ Company , The, 
914 

Bi^elov Company, The, 915 
Burntiara Boiler Corporation, 902- 
0(H 

Lombustiun Engineerini? C ompan\, 
Inc 910 

Fitrgibbons Boiler Company, Inc 
91S-919 

Fnck Company (Incorporated), 827 
E Keeler Company, 924 
National Radiator Corporation, 
90b-908 

L'nion Iron Works, 925 

BREECHINGS AND 
CHIMNEYS 

Bigelow Company', The. 915 
Farrar St Trefts, Incorporated, 917 
E Keeler Company, 924 
Young Regulator Company, 881 

BURNERS, Automatic 
Anchor Sto\e and Range Co , Inc , 
The, 1100 

Combustioneer Di\ of The Steel 
Products Engineering Co , 93(» 
Delco-Fngidaire Corporation Di- 
Msion, General Motors Sales 
Corporation, S.52-S54 
Detroit Stoker Company, 1102 
Electrol Incorporated, 84b-S47, 927 
General Electric Company , 800- 
Sbl. 1020-1027 

Gilbert & Barker Mfg Co , 855-857 
Iron Fireman Manutactunng Com- 
pany, 934-985 
S T Johnson Co , 928-929 
Kel\inator Division ot Nasli- 
Kelvinator Corp , 807-809, 9,30 
Herman Nelson Corp , The, 970-971 
Norge Dixision, Borg-W’arner Cor- 
poration, 87J, 9‘32 
Whiting Corporation, 1103 
W illiams OiI-0-Matic Heating Cor- 
poration, 870-877 

BURNERS, Coal (See Coal 
Burnen ) 

BURNERS, Gas {iiCtCas Bui mi s\ 
BURNERS, Oil (bw c)// Bur mi \) 
CEMENT, Asbestos 
Eagle-Picher Lead Company, The. 
1002 

Ehret Magnesia Manufacturing 
Co , 1000-1001 
Johns-Man\ille, 1006-1007 
Ruberoid Co , The. 1012-101,3 

CEMENT, Rock Wool 
\ga8ote Millboard Co , The, 996 
Eihrie-Picher Lead Company', The, 

Ehret Magnesia Manufacturing 
Co . 1000-1001 
Johns-Manville, 1000-1007 
Ruberoid Co , The, 1012-1013 
Standard Lime & Stone Co , The, 


Please 


CHAIN PULLE’IS PitUtv;, 
Cham) 

CIRCULATORS, Hot Water 
Heating 

Bell and Gossett Company , 97«)-977 
General Electric Company, MiO- 
8()1. 102(1-1027 

M inneapolib- Honey w 1 11 Regu la tor 
Co. 1111-1115 

Sterling Engineering Company, 
1089-10i»l 

H A Thrush K C o 9.S(k<KSl 
W'estmghouse* Electric iL Manu- 
facturing Co , MO 

CLEANERS, Air t s \.n Cham >i ii 
hqntpmtnl) 

COAL BURNERS 
Anchor btoyc & Range Co, Ine , 
The, lllX) 

Babcock W'ilct)\ Company, llie*, 
914 

Brownell C()mp.iny, The, 1101 
Buffalo Forge Company', 917 
Combustioneer Dn ot llic* Steel 
Products Enginee^ring Co , ‘H() 
Detroit Stoker Company, 1102 
Iron Fireman Manufacturing C oin- 
pany, 931-935 

Norge Division, Borg-Warner C or- 
poration, 87.3, 932 
W'hiting Corporation, 110,3 

COAL BURNERS, Automatic 
Anchor Stove fC Range Co , Inc , 
The, IlOO 

Babcock & W’llcov C ompany , The, 
014 

Brownell Company, The, 1101 
Combubtioneer Diy ot The Steel 
^ Products Engineering Co , 931) 
Combufation Engineering Company , 
Inc , 91() 

Detroit Stoker Company', 1102 
Henry Furnace & Foundry C'o , 
862-863 

Iron Fireman Manutactunng Com- 
pany. 934-9,3.5 

Kelvinator Division of Nabh- 
Kehinator Corp , S()7-S()9, 9,30 
Norge Division Borg-W'arnt r Coi- 
poration, 87 3, 9 32 
W’hiting Corporation 1103 

COILS, Aluminum 
\erohn C orporation, 9()2-9() I 
Delco-Fngidaire Conditioning Di- 
vision, General Motors vSilcs 
Corporation, S52-854 
\rthur Hams & Co , 103,3 
McOuay, Incorporated, 8.31 
Niagara Blower Company, 832-S3 3 
B F Sturtevrant Co , 9>0 
Thermal Units Manulactiuing 
Company, 837 
Trane Company, The, 1094 
Unit Heater and Cooler t o , The, 
<)60 

\yolyerine Tube Company, 1039 
Young Radiator Company, 9()1 

COILS, Ammonia 
Air Devices Corporation, 818-819 
Baker Ice Machine Co , Inc , 822 
Carrier Corporation, 82 1 
Clarage Fan Company, 82,5 
Crane Co , 904-90.5 
Fedders Manufactunng Co , 958 
Fnck Company C Incorporated), 827 
G f£ 0 Manufactunng Company', 
The, 965 

McQuay, Incorporated, 83 1 
Niagara Blower Company. 8.32-S33 
Thermal Units Manufactunng 
Company, 837 
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Tram Company, The, 1091 
Unit Heater and Cooler Co, The 
9fi0 

\ iltei Manulactuiing Comoaiiv 
The, 8 39 

\i)rk Ici Maihinciy t'orporation. 
811 

\i)ung Radiator Company, 961 
COILS, Brass 
E 13 Badger iC Sons C o , <) II 
C arm r C oiporation, 82 1 
C fiase Brass iC C'opper ( o , Incor- 
porated, 10.30-10 31 
C rane Co, 901-905 
(ainncll Company, hie, 9()(i-9(i8 
107.S 

\rthur Hams fC C'o , 10,3 3 
13 h Stiirtevant C o , 950 
W'olyenm 1 iibc C ompanv, 10.39 

COILS, Pipe, Coppei 
\crohn C oipor itum, 9()2-9()I 
V.meritan Brass ('ornpany. The 
1028-1029 

Vmerican Radiatoi C'oriipanv 843. 
898-901, 971 

E B Badger K Sons C o , 94 1 
Baker Ici Machine Co, Inc , 822 
Bell and Gossett C ompany, 97t)-977 
C'arrier C orpor ition, S‘2l 
( hasc Brass K C'opper C o , Incor- 
porated, 10 50-10.31 
C rane C o , 901-905 
Curtis Retngiiatmg Mai him* t om- 
pany, Division ol Ciiitis Manu- 
tattunng C ompany, S20 
Day IS Engineering Corporation, 975 
h'airbanks Moise 4k Co , S2S-829 
Fi'dders MariiilacLunng Co, 958 
Fnck Comviany Hncoipotated), 827 
Gnnnell C ompany' I nc , 9()()-968, 
1078 

Vr thill Hams 8. ( o , 10 3 3 
Kelvinator Division ol Nash- 
^ Kelvinator C orp , 8()7-8l)9, 930 
Kewanet* Boiler C'orponition, 920- 
921 

McUiiav', Incoiporated, 8 31 
Mueller Brass C'o , 10 34-1035 
Ntagara Blower C'ornpany, 8 32-8.3,3 
Norge Division, Borg-Warner ('or- 
poration, 873, 9.32 
Revert C oiiper and Brass Incor- 
porated, 10'38 
Servel, Ini , S.3() 

Streamline Pipe and hittings Co, 
1034-103.5 

W’olvenni* Tube C'oiiipanv, 10,39 
\e)rk Ice Machine‘iy C'orpoiation, 
,S41 

Young Radiator Comiiany, 9t)l 
COILS, Pipe, Iron 
E B Badger fk Sons Co , 941 
Baylcy Blowe'r Company, 916 
Clarage Fan Company, 82,5 
Crane Co , 9l)I-9()5 
Fairbanks Morse 4c C o , 828-829 
Fnck Company (Ineorporated), 827 
Gnnnell Company. Inc , 91)6-968, 
1078 

Niagara Blower ComiMiiy, 832-8 33 
\'’ilter Maniifaetunng t'ornpany, 

^ The, 839 

York Ice Macliineuv Corporation, 
B41 

COILS, Tank 

American Radiator Company, 843 
898-001, 974 

E B Badger & Sons Co , 911 
Baker Ice Machine Co , Inc , 822 
Bell and Gossett Company, 976-977 
Clarage han Company'. 82.5 
Crane Co , 904-905 

to Adverdserb 
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ImkI. ( omp (Iiuoiput.iti «h, VJ: 
Artluir 11 IMIS \ t , 10 1 » 
IiuoipoMlfd, SM 

Viltoi Mainil.ictimiU' < niupaPN, 
1 li(‘, S !0 

\()rk lt<‘ M.uliiiKiv ( lupMiation. 
Sll 

COMPOUNDS, Asphalt, foi 
Conduits 

Ru-wiI ((Miiptiu, 11 m, tOJl 
COMPOUNDS, Boiloi 
\(iu.itu ('luMiiual \ M«U11 iiijm iI 
rs, S'H» 

Viiuo Company, Im , I'Im*, S'l ! 

COMPOUNDS, Boilo! and Radi- 
atoi Sealing 

D<»1(‘ Valvi t omiKiP\, 11 m*, 1127 
Viiu<> ( oinp4inv, Im , I lu*, S‘l I 

COMPOUNDS, Cleaning 
\(|ImLi( ( Immiim.iI Ml t illiiipM al 
Imikmkm'is, S‘M» 

Dolt \'al\<* ( omp Mi\ , 11 m, 1127 

COMPRESSORS, An 
\mciM.tn Sl(‘.ini Pi]iu|» ( (>nip<>ii\, 
I Pal 

liakt'i Itc Mat luiM* ( (» , Int , SJI2 
Ihnks M.iniilat (iiiiii)t ( o . 0 SS-'l »<) 
('aibtMitlalt* Div NVtutlinu'toii 
Pitmi) ant] Mat Iiiim*i v C o , SJ ! 

( iittis Kt liifx'Mtini* Mat Inni* ( oin 
pan>, DivisMin ot ( mtis Manii 
lattutmr ( oiniKinv, S2() 

Cit'iMial l^.lotdit ('omp tin, S(tO 
Mil, 102(>-1027 

(tilbt'il S liaikti MU*, (o,sr»*-S‘>7 
lnKt*ist>ll-R,in<l < onijians, S.t(l-.SU 
Nash iCnmnt*t>(iipi! ( oinpanv, I'Im 
l(n(i-l(l'i7 

COMPRESSORS, Refi ijici at ion 
\lt Dt'NMfS ('t>t|MMalMMl, MS-SIO 
Vitlnup huoipoiali'tl, K I US la 
MakfM l(t‘ M M iniM* ( o , lii<* , SJ2 
( aibtiiitlalf* l)i\ Wot! Inni'.toM 
Ihnnp anti Mat lnnt‘i v < '«» , S2 1 

( aiiM‘t ( m [MiialMMi, S2I 
( uilts Kt liiKCiatmi.* Mat hint* ( oni’ 
p<iny, l)iyiHM)n t)l ( mtH Mann* 
latliiiinr ('omiimiiv. S20 
DHtti-hip’itl.tiit* ('ontlilMmini*. Di- 
visMiii, <!t*m*ial Motois S,ilts 
('oipoiatMiM, sri2-s‘il 
h'.iubinks Mtnst S t'o, SJ,S-S2M 
l*iM.k( oiiiiiiiiiv (liMoipoialftll, S27 
(ifUfial hlftltu <'omp.in>, SliO- 
.S<>1, 1020- 1027 

IHKnisoll-Rantl C'(M«p.iiiv, S.lO-S.il 
Kflviiiatoi Division ot Nasb- 
K.(‘lvin iloi C'tnp , ,SI)7-S(il), 0.*0 
Ilfiiiian Nolson C'orp ,Tbt*, !)70-‘)7l 
Noiny Divisnm, Utuui-\V,unt i C oi- 
poration, .S7 i. 0.12 
Si*ivt*l, Int , S.t(> 
llitrmal I huts Mamilat Lniiiin 
( ompanv, S‘17 

lTnivt*is<il ( oolt I ('oipoiatmii, S.kS 
ViIttM Maiuilat tilling ('oiiipwiv, 

I hf. S.10 

Wt'stinKlMMist* Klnttiu it M.imi- 
lactniiiiK ('o , SIO 
Williams ()iI-t)-Malic IIiMtini* (’oi- 
poiation, S7()-S77 
Votk Itc Matbincry ('(niioiatiim, 
Hll 

CONCRETE INSERTS (St, /«- 

AtT/s, Ctuitrfle) 

CONDENSERS 

Aerolin Ctirpoiation, 0(>2-001 

An Dcvitcb Corporation, NIS-.SI‘1 


Itakti lit M It bine ('ll . I 111 . .S22 
( iiImiikI.iIc |)i\* WoitlnnLilon 
IMiiiip \ M u him ly ( o , ,S2 S 
( III MM ( oipiii.iliiin, «S2t 
( nit IS Kciiii'ci itiiiK M uhinc( oin- 
paiiy. Division ol I uitis M iiin- 
lat tniim* ( oiiipiiiv, S2(i 

I )clt o-hiit>Mlaiic ( (lUthtMimiiK Di- 

\ismn, (icntMal Molms Silcs 
( oipiiialMin, .S-iJ-Sll 
I< III bulks Mill SI ((, ( o . SJS-SJn 
I'lihleis Mannlailitiint' ( n , 0"i.S 
I'IM k ( ompaiiv' (IiKoipoiatctl), .S27 
(i (S, O Mannlai (tiiiiii* ( onip.inv , 
I hi . 'Itri 

(ii*iM*i.iI PliitiM ('iimp.iiiv, S()0- 
Slil, 102(1.1027 

llll•(lso|| R.iml ( omiiaiiv, .SiO-.Sil 
lnliii 11 M((iOv\.in ( onipiinv, 1 Im , 
I0‘iS 

Ml 011 IV. Iiii III pill. lied, .Kil 
Mtitiint M tmil.M ((iiiiifj ( o , OV) 
S(M\t 1. lilt , ,S{(l 
U I' Sliiitcv.ml Co , n">0 
11 m I Dial Units Mamit.u Itiiiim 
( iimp,inv, .S 17 

I I inc ( iinipinv, I'lu , 1001 

(InU iic.itci 111(1 ( (lolci ('o, I'Im, 
niiO 

\ lUt I M.inniat (iiiiUK ( onip.inv, 

I lit , .S 

\N cstiiicliousc I'JtitiM \ Minn- 
l.it tiiniia Co , SIO 
\tiik lit ^iatbintiv (oipoiation, 
.Sll 

S't 11114 ' Kadi.itoi ( ompanv, Old 
CONDUn, Klcvible Metallic 
( Imai'o Metal Host* Coip , 10 i2 
CONDUITS, Underftiound 
Mtthuis 

XiiitMitan Hiass ('o , llic, 102.S- 
102<l 

XiiitMii.in Distiul S(cani( oinpanv, 
410 

Cli.ist* III ass R ('opptM (o, Iiicoi- 
poi ilctl, 10.UU1(UI 
(iciittal Kiel lilt ( oiiiiiiiiiv, M)0- 
HUl, I02(wl027 
Rii-wiL ( ompanv, T be, 1021 

( liitU iKionnd Stiaiu ('onstiiii tion 
('o , 1022 

CONDUI'I'S, Undei^round Pipe 
Aineiitaii Hiass (’o , The, 102S- 
1024 

XiiMMitan DisliiitSteam ( onipany, 
010 

I* H Hadsei X Sous t'o , 411 
Chase Hiass Si C'opper Co , Intoi- 
poialed. KUO-KWl 
hlint Magnesia ManuUctnnnn 
( o , KKHUKMll 

I'lu k ( ompanv Umoipoiatecl), H27 
lolmb-Manviiie, i(K)(i-I0()7 
jiines vSi laimhhii SU*i*l Coipoia- 
tioii, 10 Hi 

II W Poitei ir Co, 3020 
Kepnblu Steel Coipoiatiou, 10.17 
Ku-\vil^ ( omp.iiiy, riie, 1()J1 
Untleinitmiid Steam (. onstinctitin 
( 0 . 1022 

/oiiohU* ('ompanv. The, 101S-1U14 

CONTROL, Air Volume Damper 
\nei Register ('<> , The, 1000 
Halt 4k ( ooley MamitactnrinR C o , 
10(i2-l0tki 

llhnoit. EnmneerinR Comiun>, 
1()S2-10.S1 

IndependtMit RcRistei Co, The, 
KKil 

rnttleSc Hailey, Inc , lOtiHOO.i 
Wateiloo Resister Company, The, 
l()(>(i 

\t)unK Regulator Company, SSI 
acturers’ Names refer to pages ir 


CONTROL EQUIPMENT, 

(him bust ion 
Hiistol ('oniiKinv, I he, 4S2 
Hrown Instiuinent Comiunv, 48*1 
Dtlioit I nbrii.itor Companv, 1107 
I' niton Sylphon ('o , 1104 
(reneial ( ontiols, 1112 
I eetls iSr Noilhiiip ( oniihinv, 4S7 
Mt*iioi(l C oipoiation, llie, 1114 
Miniieipohb-IIonevwell Rt gnlalor 
( o , llll-ln.^i 

Niition.il Ri Kiilaloi C'o , 111()-1117 
Sj)t ntt l'mi>iiieertnR ( o , 1122 
Wt'stiiiRlionst* I''leitiK ik Manu- 
l.lt tllllllR ('o , SIO 

CONTROLLERS AND CON- 
I’ROL EQUIPMENT (Sir aho 
Ilnniitiilv ami Timt^nalmc Con^ 
Irol) 

\m(ii(.iii Ruliatoi ('oiiipany, 813, 
.S4.S-4()1, 471 

Haiht i-('oIman Company, 1101- 
110“» 

Hiistol ('onipany. The, 4.S2 
Hiovvn Instillment Company, 483 
Mnilcleis lion h'oiindiy, 102 > 

('.II I MM ( oipoiation, 821 
( oiisoliilaletl XsluiolL Hancock 
('o , hiL , 4SI 

Cook Fit (trie C'onipany, llOli 
Davis Reunlator C'o , 107.'* 

DeLioit laibncatoi C'ompany, U07 
I'osLer Enginet-iing Co , 1128 
I'ov hiiinaieC o , The, SI.S-SAl 
I (lilt n P hriiv & Sonb, Im , 11 OS 
I'lilttm Svlplvon Co, 1104 
(•eneial ('ontiols, 1112 
H-H Insttnmenl Co , Im , 48 “i 
Hodinan Spoil, ilty Co, Inc, lOSO- 
1081 

Illinois EnRiimming Comiwny, 
1082-108,1 

Illinois Testing Laboratories, Inc, 
48(> 

lohnson Seivicc C'ompany, 1110- 
IIU 

Rieley 4k Miielltr, Inc , 1081 
laerls Noithiup Comp.tny, 487 
Minne.ipobs- Honeywell Regiil itor 
C'o , llU-nif) 

N,iti(m.il Regukitoi t o , lllti-1117 
Penn IClictric Switch Co , 1120 
Powers Regiilatoi Co, The, 1118- 
1114 

R.IIKO, Inc , 1121 
Sirio Company, Im , 1042-104, i 
Spence Engmectmg C o , 1122 
Sterling Engineiiiiig C'onipany, 
1084-1001 

Svlphon C'ontiol Systems, Inc, 
112 1 

T.iv loi Insti ument Companies, 488- 
484 

ir \ T 111 iish 4k Co , 4S(M),S1 
Waiieii Webster 4k C'oinpany, ICW.'i- 
1047 

Westingbouse Ifilt'ctiic 4k Manu- 
taetnriug Co , 810 

CONVECJTION HEATERS 
\merican Radi.itoi C'ompany, 813, 
S4S-401, 471 

C' \ Dunliam C^omp*iny, 1070- 

1077 

Klectric \it Heater Co , Div' of the 
kmeiican Foundry Etiuipment 
( o , 4.')7 

GrinncU Company, Inc , 0(i(>-4()8, 

1078 

McQuay, Incorporated, 834 
Modine Manutacturing Co , OIO 
National Radiator Corporation, 
000-408 

Revere Copper and Brabs Incor- 
porated, 1038 

the Catalog Data Section 
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Trane Company, The, 1094 
Tuttle & Bailey, Inc , lOW-lOOo 
United States Radiator Corpora- 
tion, Q12-9H 

Utica RadiatorCorporation, 874-873 
Warren Webster & Corapany, 
1093-1097 

Weil-McLam Corapany , 909 
Young ^diator Co , 901 

COOLING EQUIPMENT, Air 
Aerofin Corporation, 902-904 
Air Controls, Inc , 842 
Air De\ice8 Corporation, 818-819 
Airtemp Incorporated, 844-843 
American Blower Corporation, 820- 
821 

Autovent Fan & Blower Co , 94 > 
Baker Ice Machine Co , Inc , 822 
Binks Manutactunng Co . 938-939 
Buffalo Forge Company, 947 
E K Campbell Heating Co , 909 
Canadian Sirocco Co , Ltd , 820-821 
Carbondale Div Worthimyton 
Pump 8: Machinery Co , 823 
Carrier Corporation, 824 
Champion Blower & Forge Co , 948 
Clarage Fan Company, 823 
Curtis Rerngerating Machine Com- 
pany, Div of Curtis Manu- 
factunng Co , 820 
Delco-Frigidaire Conditioning Di- 
vision, General Motors Saleb 
Corporation, 852-834 
Electrol, Incorporated, S4(>-S47, 927 
Fairbanks Morse & Co , 828-829 
Fedderss Manufacturing Co , 058 
Fo\ Furnace Co , The, 848-8.31 
Fnck Company (Incorporated), 827 
General Electric Company, 880- 
&bl, 102e)-1027 

Henry Furnace 5 l Foundry Co , 
882-803 

Ilg Electric Ventilating Company', 
949 

Kelvinator Div ision of Nash- 
Kelvmator Corp , 807-869, 9.10 
McQuay, Incorporated, 834 
Meyer Furnace Co , The, 8t»b 
Modine Manufacturing Co , 959 
Herman Nelson Corp , The, 970-971 
Niagara Blower Company, 832-811 
Norge Division, Borg-W^amer Cor- 
poration, 873, 932 
Research Corporation, 880 
Servel, Inc , 830 
B F Sturtevant Co , 950 
Thermal Units Manufacturing 
Company, 837 
Trane Company, The, 1094 
Unit Heater and Cooler Co , The, 
960 

Vilter Manufacturing Company , 
The, 839 

Westinghouse Electric & Manu- 
facturing Co , 840 
Williams Oil-0-Matic Heating Cor- 
poration, 876-877 
L J W^ing Mtg Co , 954-933 
York Ice Machinery Corporation, 
841 

Young Radiator Company, 901 

COOLING EQUIPMENT, Oil 
Aerofin Corporation, 962-9f)4 
Davis Engineering Corporation, 97.3 
Fnck Company (Incorporated), 827 
G & O Manufacturing Company, 
The, 965 

Niagara Blower Company, 832-833 
Serv el Inc , 836 

Unit Heater and Cooler Co , The. 
960 

W'llliams Oil-0-Matic Heating Cor- 
poration, 876-877 


York Ice Machinery Corporation, 
841 

Young Radiator Company, 961 
COOLING EQUIPMENT, Water 
A,erohn Corporation, 962-9(>t 
\ir Devices Corporation, 818-S19 
\merican Blower Corporation, 820- 
821 

Baker let Machine Co . Inc , 822 
Binks Manufacturing Co , 9{8-9.i9 
Buffalo Forge Company, 947 
Canadian Sirocco Co , I td , 820-821 
Carbondale Div Worthington 
Pump fk Machinery Co , 823 
Carrier Corporation, 824 
Dav lb Enginetnng Corpoiation, 973 
Dolco-Fngidaire C'onditiomng Di- 
vision, General Motors Silcs 
Corporation, 832-S54 
hairbankfa Morse & Co , 828-829 
Fedders Manufacturing C o , ‘).3S 
Fnck Comp,iny (Incorporated), 827 
Ingersoll-Rand Company, 830-Sil 
Marley Co , The, 917 
McQuay, Incorporated, 831 
Modine Manufacturing Co , 939 
National Air Conditioning, Inc ,872 
Niagara Blower Company , S.i2-S.i i 
Norge Division, Borg-Warner Coi- 
poration, 87 1, 9 i2 
Research Corporation, 880 
Thermal Units Manufactunng 
Company, 857 
Tiane Company, The. 1091 
Unit Heater and Cooler Co , llie, 
960 

Vilter Manulactunng C ompany, 
The, 8i9 

Yarnall-Waring Co, 1099 
York Ice Machinery Corporation, 
SH 

Young Radiator Company, 9(»I 

COOLING TOWERS, Water 
Sinks Manufacturing Co , 938-9,59 
Marley Co , The, 937 
Research Corporation, 880 

CORROSION, Treatment of 
Aquatic Clicmiail & Metalliirgii.il 
Engineers, 896 
Ferro-Nil Corporation, 1152 

COVERING, Ammonia Pipe 
Armstrong Cork Products Com- 
pany. 9<J4-<)93 

Baker Ice Machine Co , Inc , 822 
Cork Insulation Co , Inc , 997 
Eaglc‘-Pichtr Lead Conip«iny, llie, 
1002 

Ehret Magnesia Manufacturing 
Co , 1000-1001 

Fnck Company (Incorporated), 827 
Johns-Manville, 1006-1007 
Mundet Cork Corp , 1008 
Owens-Illinois Glass Company, 888 
H W Poiter & Co , 1020 
Ric-wiL Company, The, 1021 
Ruberoid Co , The, 1012-1013 
Standard Lime fk Stone Co , Tlie, 
101.3 

ZonoUte Company, The, 1018-1019 
COVERING, Surfaces 
Alfol Insulation Company, Inc, 
992-993 

Armstrong Cork Products Com- 
pany. 991-<)05 

Baker Ice Machine Co , Inc , 822 
Cork Insulation Co , Inc , 997 
Ehret Magncbia Manufacturing 
Co , 1000-1(X)1 
Johns-Manville. 1006-1007 
Mundet Cork Corp , 1008 
Owens- Illinois Globb Company, 888 


Pat I lie Liimbei Co , Tlie, 100m 
Ruberoid C o , Tlu , 1012-1013 


York hi 
811 


M.iilimcry Coiporation, 


Zonolite Conipanv, Tlie, 1018-1019 


Cim’IN<; AND WELDING AP- 
PARATUS (S(( n'l/t/ing and 

(lilting 


DAMPER REGULATORS, 

Boiler ( S# ( al\() A’l niilaioi s ) 


\iiuncan Radi it oi Companv, 813 
898-901, 971 1 , 

liaibii-C olman Comp my, HOt- 
1103 


B.irnes fk lonis, Inc, 1071 
Consolidated Vsluiolt Hancock 
C o , Inc , 981 

kook Elect I It ('ompany, 110() 
D.ivis Riuiilatort o , 1073 
Detroit Liihiit itoi ( ompany, 1107 
C' \ Diiiiliani (ompaiiv, 107()- 
1077 


I'ostei Engiiietring Co , 1128 
iMilUm-Sv'lphon ( o , 1109 
General koutiols, 1112 
Halt is ('ooley Maiiiilai tilling Co , 
1062-10(»5 

111 my Fiiinait & foundry Co, 
8(>2-.S63 

Ilolfman Spui.iUy ( o, Int , lOSO- 
1081 

Illinois Iingiiuuing (o, 10,S2-1()83 
iohnson Seiviii ( oiupanv, 1116- 

iin 

Kieliyik Mnellii, Int , 1081 
1 ii‘ds& Noitliiiiti ( ompany, 987 
Minneapolis- 1 1 oni ywell Rtgulatoi 
Co, 1111-1113 

N.ition.il Rigulatoi C'o , lll(i-lU7 
Powers Regulator C'o, I hi , 1118- 
1119 


Sarto Company, Inc, 1092-1095 
Si)i*nit Enginteiiiig t o , 1122 
T aylor I nstr iiment C omiwnit s, 988- 
989 

II \ 1 hrush ik C,() , <)8I)-<)S1 
Ir.ini Conipanv, The, 1091 
Wanin Wtbster iv Co, 10‘).3-1097 
WVstinglioiisi' lUeaiit & Mami- 
l.u tilling ( o , 8 10 


DAMPER RECniLATORS, 
Furnace 

I5arber-( olinan t onqiiiiy, llOG 
110.3 

('unsolidati il Witioll Hancock 
C'o , hu , 981 

C'ook Electrii C'omp.iny, llOl) 
Davis Regiilatoi Co , 107.3 
Detroit LubiitaLor ('ompany, 1197 
hobtei Engineering C'o , 1128 
Fulton Sylphon C'o, 1109 
General Conti ols, 1112 
Hart & Cooley ManiilatLurmg Co , 
1062-106 5 

Henry hurn.ut‘ ik Foundry Co, 
S()2-8(i3 

Kieley ik Mueller, Inc, 1081 
Leeds & Nortlirup Co , 9.S7 
Minneapohb-1 loneywell ReguUtor 
C'o, 1111-111.3 

National Regiilatoi C'o , Tlie, lllti- 
1117 

Powers RcguLitoi C'o, The, 1118- 
1119 

Sarto C'ompany, Inc , 10<)2-1093 
Spence Engmeciing C'o , 1122 
Tuttle ik Bailey, Inc, 1061-1065 


DAMPERS, Air Volume Control 
Air Controls, Inc , 812 
Auer Rcgibtei Co , The, 1()()0 
Barber-C'olman C'ompany, 1104- 
110.3 
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L K C ampbt‘ini<alinn ('(> , M()‘) 

('lumpion BlowL'r botno ( o , 'MS 
Halt tk. ( o<»U*y M.iiml.utiuinu 
Cl), 

Jndi‘pi'ndont Ro«ist< i ( o I hi‘, 
KHil 

Svlplion ( ontinl S\ stuns, Iik , 
llJi 

Tiitth iC BaiU>, Im , KHM-IIM.') 
Waterloo Re«istn (omp.in.\, llu, 
KX)!) 

VniinK Roniil.itoi C omiinu, SSl 
DAMPERS, Flue 
K K ( iinpbell IIimIiiik ( o , 'Mi'l 
Henrj Fiiriiau iC ^ollIl(ll^ to, 

Tuttle K. Bailey, Inc , l()l»l-l(l(i") 
\ounn R<‘Kul.itoi t'omp.inN, SSl 

DAMPERS, Mechanical 

Air C onttols, Iiu , SIJ 

Buftalo Kori>e C'oiiipau\, '*17 

Carnei ( oipoiatioti, SJI 

tulton SvlpUon t'o , llO'l 

Hart cS. t oolej Manulactuiiiu' ( o , 

Henry iMirnace iV iMiuinliN to, 

Johnson Sc'ivui t'oiniiain, 1110- 
1111 

National Rewilatot ( o, llKi-lll? 
Powers ReKiilatoi t'o, rile, lllS- 
1110 

Sylphon t'oiitiol S>st(Mns, Ini , 

1 lL>,i 

\ounn R( niilator t'oiiiiianv, SKI 
DEIUIMIDIFIKKS 
I,»tinson ( oinpaiiy, I he, STS 
PittsbiUKh la‘(tiodr>ei < oip , ,S7') 
Rcwircli Coipoiation, KSO 

DIFFUSERS (Sm I nililaton, hhoi 
and lla/h 

DlSTRUn 1IEAT1N<; (S,, also 
( nnostoN liuilimnt,<il /''v/)ow- 
sion foinis hi\ulali(ni, I mln- 
KiouMtl • 

DRAFT APPARATUS (See- 
Iilimurs,I<'oritd Ihalt) 

DRVINO EQUIPMENT 

Alt Devi(.t*h C’oipoMtion, SIS-SIU 

American Blowei t'oriioiation, S2()- 

m 

American ( oolait Uoip , OIJ-'Ill 
American R^uliator ( <)mpin>, SH, 
8‘)S-')01. 1)71 

Autovent han & Blowei t'o , 'll,”) 
Buttalo Koikc ( oiiipany, 017 
('anadianSiiocco t'o , 1 ttl ,S2()-SJ1 
Caitier t oiporation, SJl 
('luLinpioii HIowct Sw Iuukc C'o , OIK 
C'laraKe Ism ('ompaiiy, 82") 
DeUo-FriKidairt t'onclitionintt Di- 
vmion, (leneial Motors S,ihs 
Corporation, SW-Sf)! 

G & 0 Manutac tilling t'o , The, ')(>“) 
Lamson C omp.my. The, S78 
Me Quay, I ncori>oratod, S.U 
PittfeburK Lcctrodiyei C'orp , 870 
B F Sturtevant C'o , 'IfiO 
Thermal Unitb ManulacturmK 
Company, SU7 
Trane C'ompany, The, 1011 1 
Unit Heater and C'ooler Co , The, 
1)(>0 

L J Win(?MfR Co. <J')l-0')r) 

York Ice Machinery C'orporation, 
841 

DUST COLLECTING EQUIP- 
MENT 

American Vir Filter Company, Inc , 
881-88') 


\m<‘inan Blowc-r C'orporation, 820- 
SJl 

Biliks Mamihutiiiin}' Co, 

Butlalo horRC C omiiany, 017 
t'an.uhan SiioicoC'o , Ltd ,S20-,S21 
C laiaRo hail C'ompany, 82') 

Klectne \ii He.UcrCo, Div ol the 
\meiii m hoimdry ( o , 0’)7 
Owens-Illinois Glass C'oniiJ.inY, S8S 
Risc-aich I oiporation, SSO 
.Stay new Fillet C oiporation, SOO- 
S‘)l 

B F Stuitc-vant C'o , OK) 

Ihiiyeisil \n hillei C'oip , ,S‘)2 

DUST COLI.ECTORS, Cloth 
Type 

Mlol Insulation Company, Im , 
002-')') i 

\meii(aii \ir loltei ('ompany, Inc , 
S81-.S8.') 

\meiicati Blowit C ot potation, S20- 
821 

('an idian Siiotto C'o . Ltd 820-821 
t oppus lyiiKineetiiiR t'orpoiation, 
8M> 

hh-ttiic \u Heatei t'o , I)i\ ot the 
\miiuan hoiindiv ICnmpment 
< o , 007 

StayiMW hitter t'oiiMinition, 800- 
80 1 

llniveis.ll \ii hiltei t oip , S02 

DUST SEPARATORS (Ste- 
S’e />mei/Oi\, Hits/) 

EVAPORATORS 
\etoliii t'orpor.itioii, 0(i2-0(>l 
\ii Devices t'orpoiation, 818-81<J 
B iker he Machine C'o , Inc , 822 
t aitiei ( orpoiation, 821 
('iitiis RelriKeiatinj; Machine Com- 
pany, Division C'urtis Manu- 
tactiirniK Co , 82() 

Davis lynKimermjj Corpoiation, 070 
Diho-himidaiie Conditioning Di- 
vision, Cjrenctal Motors bale^ 
('oiporation, 802-851 
hail hanks Moisc‘ & t'o , 828-820 
hccldi IS Maniilac tiirinR Co , O.OS 
hiu k ('ompany (IncoiporatcHl), 827 
G<m‘i.il Ii.l(‘(tiic Company, 8()0- 
8()1, l()2()-l()27 

K<-Ivnutor Division ol Nash- 
ki-lviiuitot Cenp , 8()7-8()0, 0 10 
Me Qua V, Incorporatc-d, 814 
Sets el, Inc , 8:{(i 
Ihi-iinal Unitb ManuUicturinn 
Company, 8.17 
Tiane t'omp.vny. The, 1001 
Unit Healer & Cooler Co , The, 01)0 
V liter ManuiactunnR Company, 

I lie, 880 

Westinjihouse Electric ic Manii- 
l.icturinK C'o , 810 
Yotk Ice Machinciy Corporation, 
811 

Youn« Radiator Company, 01)1 

EXHAUST HEADS (Sit Heads, 
hiJiatiil) 

EXPANSION JOINTS 
American District Steam C’ompany, 
040 

E B BadRcr St Sons Co , 041 
Baker Ice Machine Co , Inc , 822 
Carrier C'orporation, 824 
C liicago Metal Hose Corp , 10d2 
Crane Co . 901-005 
Fulton Sylphon Co , 1100 
\rthur Hams & Co , 1033 
Illinois Enfiincenng Company, 
1082-1083 

Underground Steam ConatrucUon 
Co , 1022 

Warren Webster 8c Co , 1095-1097 
Yarnall-Wanng Co , 1099 


EXPOSITIONS 

International Evpobition Co, 1040 
FAN BLADES 

\mencan Blower Cotporntion, 820- 

\mericm Coolair Corp <)42-0M 
Binks Maniitacturing ( o , <) 18-939 
Buffalo Forge C'ompany, 947 
( amidiati Sirocco Co , Ltd , 820-821 
C lumpion Blowei it. Forge Co ,918 
C'laraRC Fan C'ompany, S2> 

Scrvel, Int , 8.X) 

TornnRton Mtg Co , The, <)')1.953 
Webtinghouse Electric ik Alanu- 
iactiiring Co , 840 
L ] Wing Mfg ( o , ‘),")4-<)")") 

FANS, Gcntrifuflal 
\ir Controls, Inc , 842 
\raoncan Blower Corporation, 820- 
821 

\mcncan Coolair Corj) , ')42-9l3 
\utovent han & Blower Co , 94 > 
Bayley Blower Company, 9 If) 
Buffalo Forge Company, 917 
E K C ampbell Heating Co . »)||9 
Canadian Siiocco C'o , Ltd , 8 >0-821 
Camei C orpor.ition, S24 
Cliampion Blower & Forge Co , 9 
CTaragc Fan C'ompany, 825 
Coppus Engineering Corporation. 
881) 

Fo\ Furnace Co , The, 818-851 
(tenoral Electric C'ompany, XbO- 
801, 1020-1027 

Henry Furnace & houndty Co . 
8t)2-Kr).l 

Ilg Electric Ventilating C'omT).iny. 
919 

Lennov Furnace Co , Inc , 804-865 
Meyer Furnace Company% The, 866 
Niagara Blower Company, 8 12-83 i 
B F Sturtevant Co , 950 
Torrmgton Mfg Co , The, 951-9,53 
Trane Company, The, 10‘J4 
L J WingMtg Co, 0)1-955 

FANS, Electric 

Vir Devices Corporation, 818-810 
\merican Coolair Corp , 912-943 
\utoveiit Kan & Blower Co , ^)46 
Barber-Colman C’oraiiany, 1101- 
1105 

Binks Manufacturing Co , 9,)8-939 
Buftalo Forge Company, ')47 
Champion Blower ii: Forge Co , ‘)48 
Coppus Engineering Corporation, 
880 

General Electric C'ompany, 860- 
861, 1026-1027 

Henry Furnace fk Foundry Co. 
862-8(),3 

Ilg Electnc Ventilating Company. 
‘)49 

Westinghousc Electric & Manu- 
facturing Co , 840 
L J Wing Mfg Co , 954-<)55 

FANS, Furnace 
Air Controls, Inc , 842 
American Blower Corporation, 820- 
821 

Autovent Fan & Blower Co , 945 
Buffalo Forge Company, 947 
E K Campbell Heating Co , 900 
Canadian Sirocco Co , Ltd ,820*821, 
Champion Blower & Forge Co , 948 
Clarage Fan Company, 825 
Corpus Engineering Corporation, 

Fox Furnace Co , The, 848-851 
Henry Furnace & Foundry Co, 
862-863 

Ilg Electnc Ventilating Company. 
940 


Numerals following Manufacturers* Names refer to paites In the Gataloft Data Section 
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Lennox Furnace Co , Inc , 864 -SGt 
M ejer Furnace Company, The, 860 
L J Mueller Furnace Co . S70-S71 
Trane Company, The, 1094 
L J Wmg Mfg Co , 954-955 

FANS, Portable 

Air Devices Corporation, 818-819 
American Blower Corporation, 820- 
821 

American Coolair Corp , 942-943 
Autovent Fan & Blower Co , 945 
Barber-Colman Compan> , 1104- 
1105 

Bailej Blower Company, 940 
Binks Manufacturing Co , 9 38-939 
Buftalo Forge Compan>, 947 
E K Campbell Heating Co , 909 
Canadian Sirocco, Ltd , 820-821 
Champion Blower & Forge Co , 948 
Coppus Engineering Corporation, 
880 

General Electric Company, SGO- 
801, 1020-1027 

Henry Furnace & Foundry Co , 
862-863 

Ilg Electnc Ventilating Companj, 
949 

Vestinghouse Electric & Manu- 
facturing Co , 840 
L J Wing Mfg Co , 954-955 

FANS, Propeller 
Air Controls, Inc , 842 
Air Devices Corporation, 818-819 
American Blower Corporation, 820- 
821 

American Coolair Corp , 942-943 
Autov ent Fan & Blower Co , 945 
Binks Manufacturing Co , 938-939 
Buffalo Forge Company, 947 
E K Campbell Heating Co , 969 
Canadian Sirocco Co , Ltd , 820-821 
Champion Blower & Forge Co , 948 
Clarage Fan Company, 825 
Coppus Engineering Corporation, 
88b 

De Bothezat Division American 
Machine & Metals, Inc , 944 
General Electric Company, 800- 
861, 1026-1027 

Henry Furnace & Foundry Co , 
802-863 

Ilg Electnc Ventilating Company, 
949 

Marley Co , The, 937 
Serv'el, Inc , 83G 
B F Sturtevent Co , 950 
Thermal Units Manufacturing 
Company^ 837 

Tornngton Mfg Co , The, 951-953 
Trane Company, The, 1094 
Westinghouse Electnc & Manu- 
factunng Co , 840 
L J Wing Mfg Co , 954-955 

FANS, Supply and Exhaust 
Air Controls, Inc , 842 
Air Devices Corporation, 818-819 
Amencan Blower Corporation, 820- 
821 

Amencan Coolair Corp , 942-943 
Autovent Fan & Blower Co , 915 
Bayley Blower Company, 946 
Binks Manufactunng Co , 938-939 
Buckeye Blower Company, 972-973 
Buffalo Forge Company, 047 
E K Campbell Heating Co , 969 
Canadian Sirocco Co , Ltd , 820-821 
Champion Blower & Forge Co , 948 
Clarage Fan Company, 825 
Cc^pua Engineenng Corporation, 

De Bothezat Division American 
Machine & Metals, Inc , 944 


Delco-Frigidaire Conditioning Di- 
vision, General Motois Salcb 
Corporation, 852-854 
General Electric Company, 81)0- 
861. 1026-1027 

Henry Furnace & F“oundry Co , 
862-863 

Ilg Electric Ventilating Company, 
949 

Meyer Furnace Company, The, Sbb 
L J Mueller hurnace C o . 870-871 
John J Nesbitt. Inc , 972-<)73 
Niagara Blower Company. 832-833 
B F Sturtevant Co , 950 
Thermal Units Manutactuiing 
Company^ 837 
Trane Company, The, 1094 
Westinghouse Electric &, Manii- 
tactunng Co , 8 10 
L J Wing Mfg Co . 954-955 

FEED WATER HEATERS {Sa 
Heatets, Feed Water) 

FEED WATER REGULATORS 
(See RtgulaUns^ Fetd Watet ) 

FEEDERS, Boiler 
Crane Co , 904-905 
General Controls, 1112 
Kieley & Mueller, Inc , 1084 
McDonnell & Miller, 894-895 
John H McGowan Co , The, 1058 
Milwaukee Valve Co , 108()-1087 
Mueller Steam Specialty Co , Inc 
1088 

Spence Engineering Co , 1122 
H A Thrush & Co . 980-981 
Warren Webster & Co, (Sattty) 
1095-1097 

Westinghouse Electric & Manii- 
factunng Co , 840 
Wright-Austin Co , 1098 

FEEDERS, Water 
Decatur Pump Co , 1053 
General Controls, 1112 
Kieley & Mueller, Inc , 1084 
McDonnell & Miller, 894-895 
Milwaukee Valve Co , 1080-1087 
Mueller Steam Specialty Co , fne , 
1088 

H A Thrush & Co , 980-981 
Wnglit-Austin Co , 1098 

FILTERS, Air (Sre Att Cleaning 
Equip mint) 

FITTINGS, Pipe, Flanftcd 
\merican Rolling Mill Co , The, 
1067 

Baker Ice Machine Co , Inc , 822 
Chase Brass &. Copper Co , Inc , 
1030-1031 
Crane Co , 901-905 
Fnck Company (Incorporated), 827 
Grinnell Company, Inc, 966-968, 
1078 

Arthur Harris & Co , 1033 
Vilter Manufacturing Co , The, S 39 
York Ice Machinery Corporation 
841 

FITTINGS, Pipe, Screwed 
Amencan Radiator Co, 813, 898- 
901, 974 

Baker Ice Machine Co , Inc , 822 
Chase Brass & Copper Co , Inc , 
1030-1031 

Crane Co , 904-905 
Fnck Company (Incorporated), 827 
Gnnnell Company, Inc , 906-968, 
1078 

Taco Heaters. Inc . 978-979 
Vilter Manufactunng Co , The, 839 
Ice Machinery Corporation, 


FiniNGS, Pipe, Solder 
\meiican Brass Co , The. 1028- 
1029 

Mueller Brass Co , 1031-10.35 
Revere Copper & Brass I nc , 10,38 

FITTINGS, Pipe, Sweat 
\merican Brass Co , The, 102S- 
1029 

\merican Radiator Co, 813, 898- 
901, 971 

khase Biass & Copi)er C o , Incor- 
porated, 10 30-1031 
( rane C'o , 901-905 
Detroit [-ubntator Co 1107 
Muillcr Brass ( o . 1031-1035 
Revere Copper 8: Biast, Inc , 1038 
Streamline Pipe and Fittings t o . 
1031-10 35 

Taco Heaters, Inc , 978-979 

FITITNGS, Weldmft 
\.nionuin Rolling Mill ('o , The. 
1067 

Crane Co , 901-90.5 
Grinnell Co , Inc , 9()(,.90S, 1078 
York fee Machinery Coiporation, 
841 

FLOATS, Metal (Sfi 'I tap ami 
V alvt ) 

Arthur Harris &. Co , 103 > 

Spence Engineering Co , 1122 
Wright- \ustin Co . 1098 

FLOOR AND CEILING PLATES 
Vnietican Radiator Co, 81.}, 898- 
901, 971 

Be.iton 8. Caclwcll Mlg ('ompany, 
riu, 1072-107.3 
Crane Co , <)0 1-905 
Giinmll Company, Inc, <l6li-9().S, 
1078 

FLUE GAS ANALYSIS 
Blown instiurnent Company, 9S3 
Leeds & Northiup Company, 987 
M 1 nneapohs-I I oney well Reg ulator 
Company, 1111-1115 

FURNAOE-BURNER 
\nthor Stove & Range Co , Ine , 
The. 1100 

Dcleo-Frigulaire Conditioning Di- 
vision, General Motors Sales 
Corporation, 8.52-851 
Ele^etrol Ineorpoiated, Sl{»-817, 927 
ho\ Fiiinaee Co , The, 818-851 
Gar Wood Industries, Ine , 858-859 
Gilbert 8, Batkei Mtg Co , 85.5-857 
Henry Furnaci & houndry ('n , 
S()2-8()3 

Lennov Furnace Co , Ine , 801-S().) 
Meyer Furnace Company, Tlie, 866 
L J Muellei Fuinate Co , 870-871 
Herman Nelson Corp , 1 he, 970-971 
Norge Division, Borg- Warner Cor- 
poration, 873, 9.32 
\\ illiams Oil-O-Matie Heating C oi- 
poration, 87t>-877 

FURNACE HEATING SYS- 
TEMS Heating System i, 

F m nace) 

FURNACE REGULATORS 
Regulators, Furnace) 

FURNACES, Electric 
General Electric Company', S60- 
861, 102()-1027 

Westinghouse Electric & Manu- 
facturing Co , 840 

FURNACES, Warm Air 
Airtherm Manufacturing Co , 956 
Amencan Gas Products Corp , 897 
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E K ( .impbi*!! IloatiiiK (<>• ’)(><! 
C.iincr C (upoi.ilKin, SJI 
Ddu)-F^nKKLiii<‘ C ouclitnJiiinK Di- 
vision, (lOniMal MoLois Sill's 
C'oipoiiitioti, S'iJ-S'il 
Eloctrol Iniorporati'fl, SII»-SI7, ‘Ili7 
Fo\ biMiian ( o , Hit' MS-S'il 
Gciuial I'.Iuliii ( o ,iS(>()-S(il, 1()2<)- 
101J7 

Gillnrt iv M.iiki r Mtjj; ( o , S''r>-S’i7 
Hcniv iMiMiau R boinuln ( o , 
{ 

Lcnno\ iMiinaic ('o , Iin , SIJI-M).") 
Lookout Hoili'i S: Mli» ( d 
Mcx'i Initnan'Co, I In*, Sl»(i 
L I Miii'Ili'i iMiinai (‘ ( o , S7()-S7l 
Ileiman NHson ( oip , 1 he, !)7()-‘)71 
Noi^i* Duision, Uoi}j;-W.iMU 1 ( oi- 
por itioM, S7.{, *) ili 
Spcmi I llcatci ( o , 

Tram* C’onipanj , I he, l()‘)l 
United St4ites Riidialoi t'oipoi.i- 
tion, i 

GA<iE BOARDS 
Ikikii lie Mai lime ('o , liK , Slj J 
Brihtol ( oinpanv, Hie, ‘)SJ 
Cons(i 111 lied \sliiioi( Ilaiiioik 
('ll , Ini , MSI 

hriok('onip,inv (Inioipoi ited), SJ7 
J K Lnni ruan ( o , l().S"i 
Minmapolis-IIoiii vwi II Rei'iilaloi 
C'oiiiiiaiiv, 1111-1111 
Spenie I'liKineeiiiiK ('o , 112U 
layloi rnstiunient ('oiiiTianies MSS- 
<)««! 

Uniti d Sl^ili s (laiiKi C'o , MMl 

GAGK GLASSKS 
Ainirit.in KiuImLiu ( oniiiany, Sl.l, 
«<»S-<H)1, <171 

Bo.ilon it ('.idwill MIk ('<i, 1 lie, 
1072-107,1 

Ciane t'o , M()l-|)01 
renkins Bios , 1120 
Yciiiiall-W.itmiJ Cl), J00<) 

GACiKS, Altitude 
Aineiic in Radiatot ('onip,inv, Ml 1, 
S<»S-M(I1, 071 

Hell and (rossett Coinp<in\, M7 (h<) 77 
Bristol ( oinjianv, Hu, OSJ 
C'onsolid lied iVshiiolt ll.uuoik 
Co , lilt , MSI 
('lane ( o , MOI-MO") 
lulien P hue/ is. Sons, hit , II OS 
J E I oneiu«in ('o , l(is') 

Meiioid ('oii)oiatioii, Flie, UH 
New Yoik All \'alve C'oipination, 

11 iO 

Tayloi Instinnieut C oinr).iiiios, M8S- 
MSM 

H A Thrush R I'o , MSO^OHl 
United Suites (lauKt* C'o , 1)M1 

(«AGES, Ammonia 
Bakei Ice Machine C'o , Inc , S22 
Biistol Companv, The, M82 
C onsolidatecl Ashcrolt Ilanioik 
C'o , Iiu , MSI 
Crane ('ompany, MOl-MO") 

J K Loneif'an Co , lOSa 
Mercoid ('orporation. The, IIH 
UniUfl States (x,iUKe Co , MMl 
Viltor ManuIactiirinK C'ompany, 

1 he, 8SM 

York Ice Machinery C'onioration, 
811 


llollin.in Specialty C o , Inc , 1080- 
lOSl 

Illinois ImKineeimK Coinii^iny, 
1082-108 { 

Stuui C oinpanv, lut , 10M2-10M,{ 
Spenii hneinceiinK ( o , 1122 

I Initiil States (>aiiKi C o . MMl 
\V*iii(‘n Websti i R ('oniiKinv, 1 ()<)>>- 

I0<)7 

C;a<;RS, llot water 
\meiii<m Radiatoi C'ompany, SI !, 
S‘IS-M01, M7I 

Bell and (rossi tt C oiupany, M7()-M77 
Biistol ( ompany. Hit, MS2 
tonsohdatid Xshiiolt Ilantotk 
C o , Ini , MSI 

I'm kt'oiiiiKiny (Imoiporated), 827 
Iiilien P hill / &I Sons, Ini , llOS 
MetioicI C'oipotation, Hie, lll.i 
Mmne.ipolis-IIoneywell Rimilator 
< oiiip.iny, llll-llirt 
Niw \oik \u Valve C oriiotation, 
11.1(1 

lavloi Instiument Companies, 
<)S.S.MSM 

II \ HitiisliR Co.MSO-MSl 
United StatOh (laiiKe C o , MMl 

(lACjKS, Pressure 
Amiiu.in Radiatot ('omp^iny, 812, 
SM.S.M0I, M7I 

\iKleison Products, Int ,1121-1125 
Bakei ki Maihiiie C o , Inc , S22 
Minks Maiiulatt Ilium ( o, M.kS-M.lM 
Biistol ('ompany, 1 he, MS2 
Blown Iiistimuent C'ompiinv. 08, t 
C'onsolidated \shtrolL Ilantotk 
( o , liK , MSI 
Ciane C o , MOl-MO.’! 

I k l-oni iKan Co , 1085 
Kleitoid ( 'oi por.ition, I he, 111,1 
M mne,ipoIis-l loneywell ReKulator 

Cuinpany. 1111-1115 
Niw \ork \ir Valve Corporation, 
11.10 

Spi'iiie ICnijineeiinH Co, 1122 
laylor Instiument Companies, M88- 
MSM 

II V Hiriiah & Co , 080-081 
I'lane C'ompany, Ihe, 1001 
United Suites CraiiRt* Co , 091 

C;A(;KS, Steam 

\iiieiii.in Radiatoi Company, S42, 
.SM,S-<M)1. M7I 

\nderson Products Int, 1121-112.5 
Bustul C omywny, The, M82 
C'linsohdatcd Ashcrott Hancock 
Co, Inc, MSI 
C'l.uie Co , MO 1-00.5 
C A Dunham Company, 1070- 
1077 

Ilolfman Siiccialty Co , Inc , 1080- 
lOSl 

Illinois EnKineerinn Co , 1082-108.1 
] IC Umergan C o , 108.5 


Biiinlum Boilei C^orporation, 002- 
00.1 

Consolidated \shcri)ft fl.ineock 
Co, Int ,MSl 
Cram C'o , 001-005 
C; Dunham C'ompany, 107(i- 
1077 

Tuhen P Fiie/ & Sons, Inc , 1108 
Hoffman Specialty Co , Inc , 1080- 
lOSl 

Illinois Fnmncenni? C'o , 10S2-10S.1 
1 K Loner itan Co , 1085 
^kicoid Corpoiation, The, 1115 
Mmneapolijs-I loneywell Rt gulatoi 
C'omi).iny, 1111-111.5 
Ntw Yoik \ir Valve ('orporation, 
11.10 

Spent e Knuineering C'o ,1122 
laylor Instrument Companies, OSS- 
<)SM 

Tiane C rmipanv. The, 1001 
United States Gauge ( o , 001 
Wan en Webster A C'ompany, 1015- 
1007 

GAGES, Vapor 

\merii,in Radiator C ompany, 81,1, 
.SM8-i)01, 071 

Bristol Compiny, The, 082 
Burnham Boilei Corporation, 002- 
005 

Consolid.ited ‘\shcrolt Hancock 
C'o. Im . MSI 

C A Uiinliara Company, 107(1- 
1077 

Ilolfman Specialty Co , Ini , lOSO- 
1081 

Illinois Engineering C o , 1082-108 i 
Mercoid Corporation, The, 1115 
M innetipolib- Floneyrwell Ri gul.itoi 
C'ompany, 1114-111.5 
New Yoik Air Vaho Corporation, 
ll.W) 

Ranco, Inc , 1121 
Spence Engineering C'o , 1122 
United States Gauge C'o , MMl 
Wanen Webster & Company, IOM.5- 
1007 

GAGES, Water 

American Radiator Company, 841, 
8MS-M01, 074 

Baker Ice Machine Co , Ini , 822 
Binks Manufacturing t'o , 058-0,10 
Biistol Company, The, 0S2 
Brown Instiument Comyiany, OSi 
Consolidated \shcrolt Hancnik 
Co. Int, MSI 
Crane Co , M()1-<K),5 
Detroit Lubricator C'ompiny, 1107 
Fritk Company (Incorporated), 827 
Tuhen P Fne/ & Sons, Inc , 1108 
T E Loneigan & Co , 1085 
Mercoid Corpoiation, The, 111.5 
Minneapolis- Honeywell Regulator 
(Tompany, 1111-1115 
New Yoik \ir Valve Corporation, 


Monoid C orporation. The, 111.5 
Minneapohs-lloneywell Regulator 
C'ompany, llH-1115 
New York \ir Valve Corporation, 
1150 

R,inco, Inc , 1121 
Spence Engmeeiing Co , 1122 
Ttiylor Instrument Companies, 988- 
<)8M 

United Suites Crauge Co , 091 
Warren Webstci R Company, 109.5- 
1097 

GAGES, Compound GAGES, Vacuum 

Amencan R«idiator Company, 81.5, American Radiator Company, S43, 
898-001, 974 898-901, 974 

Consolidated Ashcroft Hancock Anderson Products, Inc , 1124-1125 
Co , Inc , 98 1 Bristol Company, The, 982 

Dole Valve Company, The, 1127 Brown Instrument Co , 983 


1130 

Ranco, Inc , 1121 

Wright-Austin Co , I()M8 

Yarnall- Waring Co , 109‘) 

GAS BURNERS 

Amencan Gas Products C'orp , 897 

Babcock & Wilcov Company, The, 
914 

Combustion Engineering Company , 
Inc , 916 

Delco-Frigidaire Conditioning Di- 
vision, General Motors Sales 
Corporation, 852-8.54 

Henry Furnace & Foundry Co , 
•802-SG3 

Norge-Division, Borg-Wamer Cor- 
poration, 873, 932 

Spencer Heater Company, 910-911 


Numerals following Manufacturers* Names refer to pages In the Catalog Data Section 
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GASKETS, Asbestos 
Crane Co , 004-90 1 
Ehret Magnesia Manutacturing 
Co . 1000-1001 
Fnck Company, Inc , S27 
Jenkins Bros , 1120 
Johns-Man\ ille, 100l>-1007 
Ruberoid Co , The, 1012-101 i 

GASKETS, Cork 
Armstrong, Cork Pruducth C om- 
pani, 994-005 
Crane Co , 004-005 
Johns-Mamille, lOOli- 11)07 
Mundet Cork Corp , lOOS 

GASKETS, Rubber 
Crane Co , 004-905 
Ehret Magnesia Manutacturing 
Co , 1000-1001 
Frick Company, S27 
Jenkins Bros , 1129 
Johns-Manville, 100(>-1007 

GOVERNORS, Pump 
Crane Co , 004-905 
Da\ 18 Regulator Co , 1075 
C A Dunham Companj. 1070- 
1077 

Foster Engineering Co , 112S 
Illinois Engineering Company, 
1082-10S3 

Kieley & Mueller. Inc , 1084 
Mueller Steam Specialty Co , Inc , 
10.SS 

Spence Engmeenng Co , 1122 
Warren Webster & Company, 1095- 
1097 

Wnght- Austin Co , 1098 

GRATES FOR BOILERS AND 
FURNACES 

American Radiator Company. 843, 
898-901. 974 

Combustion Engmeenng Company, 
Inc . 916 

E Keeler Company, 924 
Lookout Boiler & Mtg Company, 
922-923 

L j'^Mueller Furnace Co , 870-871 
Unit Heater and Cooler Co , The, 
960 

GRILLES, REGISTERS AND 
ORNAMENTAL METAL 
WORK 

American Blower Corporation, 820- 
821 

Amencan Coolair Corp , 942-943 
American Radiator Company, 843, 
898-901, 974 

Anemoatat Corporation of Amenca, 
1059 

Auer Register Co , The, 1060 
Barber-Colman Company, 1104- 
1105 

E K Campbell Heating Co , 969 
Canadian Sirocco Co , Ltd , 820-821 
Carrier Corporation, 824 
Hart & Cooley Manufactunng Co , 
1062-1063 

Independent Register Co , The, 
1061 

L J Mueller Furnace Co , 870-871 
Trane Company, The, 1094 
Tuttle & Bailey. Inc . 1064-1065 
Waterloo Register Company, The, 
1066 

EUNGERS, Pipe 
Amencan Brass Company, The, 
1028-1029 

kmencan Radiator Company, 843, 
898-901, 974 


Baker Ice Machine Co, Inc , 822 
Beaton and Cadwell Mtg Cnm- 
pam . Thfc, 1072-1073 
Chase Brass. Copper Co , Incoi- 
porated, 1030-1031 
Crane Co , 904-905 
Frick Company ( Incorporated), <S27 
Grinndl Compam, Inc, 9(»)>-9(iS, 
107S 

Ric-wtL Company. The. 1021 
Vilter Manutacturing Lompitn, 
The, 839 

HANGERS. Radiator 
Amencan Radiator Compan\, S4i, 
uS9S-‘J01, 974 

Burnlum Boiler Corporation, ‘)l)2- 
90 i 

Crane C« , 904-<)0 5 
Gnnnell Corapan\, Inc, 9bl>-9t)S, 
1078 

National Radiator C orpor.ition, 
00(>-90S 

HEADS, Exhau&t 
Burt Mtg Co. The. 11 U 
Crane Co , 904-905 
Illinois Engineering Compam 
10S2-108j 

Kieley & Mueller. Inc . 1081 
Wnght- kustin Co , 1()9S 

HEADS, Sprinkler 
Gnnnell Company, Inc, 9()6-‘H)8, 
1078 

Mueller Brass Co , 10 U- 10 15 
Streamline Pipe A Fittings Co, 
1034-1035 


Burnham Boiler C''niporation, 002- 
903 

E K Campbell Heating Co , 969 
C'anadian Sirocco Co , Ltd , 820-821 
C arrier C orporation, 824 
C larage Fan C ompanv, 825 
C ombustion Engineering C oinpany, 
Inc , oil) 

Delco-Frigidaiie Conditioning Di- 
vision, C4eiieral Motors Sales 
C oipomtion, 852-S51 
Electric kii Heater Co , Uiv of 
Vineraan Foimclry Iv Ecpiip- 
ment Co ,057 

Elictrol, Incorporated, 816-817, 027 
Fairbanks Morse A Co , 828-S2<) 
Feddtis Manulactiiiing C o , 0.58 
Gar Wood Industiies, Inc , 858-859 
G( neral Electi ic C omp.inj , 800^ 
81)1, 1021)- 1027 

Heniv lMirn.ui‘ & Foundry ('o , 
8()2-8()I 

Ilg EKetru. Ventilating C'omiiany, 
OB) 

Lcniio\ Fiiiiiace C'o . Inc , 8(i4-865 
Me Quay, Incorpoiated, 831 
Mtyor Inirnace Company, The, SWJ 
Modine Manutacturing t'o , 959 
Herman Nt Ison C oip , I he, 970-971 
John I Nesbitt, Inc, 972-971 
Niagara Blowei C'o , 8 12-8 1 1 
Norge Division, Boig-VVainei C'or- 
poration, 873, 932 
B t Sturtov.int ( o , 950 
Thermal Units Manul.ictiiiing 
C'onipany, 8 17 
Trane Company, The, 1091 
Unit Heater and Cooler C o , The, 


HEAT CABINETS (Set //tu/c;s. 
Cabinet) 

HEAT SURFACE, Fan System 
Aerohn Corporation, 962-96 1 
Air Devices Corporation, 818-819 
American Blower Corporation, 820- 
821 

Buckeye Blower Compan> , 972-973 
Buffalo Forge Company, 947 
E K Campbell Heating Co , 9()9 
Canadian Sirocco Co , Ltd , 820-821 
Fairbanks Morse K Co , 828-829 
Fedders Manutacturing Co , <)5S 
G & 0 Manutacturing C'onipany, 
The, 965 

General Electric Companj, StiO- 
S()l. 102(>-1027 
McQuay, Incorporated, 834 
Modme Manufacturing Co , 959 
John J Nesbitt. Inc , 972-973 
Niagara Blower Company, 832-8 13 
B F Sturtevant Co , 950 
Thermal Units Manutacturing 
Company, 837 
Trane Company, The, 1094 
Unit Heater & Cooler Co , The, 9()0 
Westinghouse Electric & Manu- 
facturing Co , 840 
Yo^ Ice Machinery Corporation, 

Young Radiator Company, 0(>1 

HEATERS, Air 
Aerofin Corporation, 962-964 
Air Devices Corporation, 818-819 
Airtherm Manufacturing Co , 95() 
American Blower Corporation, 820- 
821 

Amencan Gas Products Corp , 897 
Amencan Radiator Company, 843, 
898-901, 974 

Autovent Fan & Blower Co , 945 
Baker Ice Machine Co , Inc , 822 
Buckeye Blower Company, 972-971 
Buffalo Forge Company, 947 


960 

Westinghouse lUettiic 8. Manu- 
tatturmg C'd , 811) 

L I Wing Ml g C'o , 951-9.55 
York ke Machinciy C'oiporation, 
811 

Young R.idiatoi C ompany, 9()1 

HEATERS, Automatic Hot 
Water, Domestic 
\iiu*ncan (»as Piodiicts C'oip , 897 
Vmencan R.uliaLor C ompany, 813, 
8<)8-9()l, 971 
Cianc Co , 90 1-90.5 
Davis Engiiieeimg C orpoiation, 97,5 
Delco-Frigidairc Conditioiinig Di- 
vision, Gener.il Motois Stiles 
Corporation, 8,52-854 
Elcctiol, Incorporated, 816-817, 927 
Fit/gibbons Boiler ('ompany, Inc , 
918-919 

Gar Wood Industries, Inc , 858-859 
Henry Fiiinacc & Foundry Co , 
8(>2-S()i 

S T Tolmson Co , 928-92<) 

Norge Division, Borg-WaincT Cor- 
poration, 873, 9J2 
Sterling EnginecTing ('ompany, 
lOS*)-!!)*)! 

Taco Heaters. Int . 978-<)79 
Williams Oil-O-Matic Heating Cor- 
poration, 87(1-877 

Westinghouse Electric & Manu- 
facturing Co , 810 
Young Radiator Company, 9()1 

HEATERS, Blast 
Aerohn Corporation, 9(>2-9(‘)4 
Air Devices Corporation, 818-819 
American Blower Corporation, 820- 
821 

Amencan Radiator Company, 843, 
898-901, 974 

Autovent Fan & Blower Co , 946 
Bayley Blower Company, <)46 
Buckeye Blower Company, 972-<)73 
Buffalo Forge Company, 947 


Please mention THE GUIDE M37 when wntlng to Advertlseis 
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(loneial Wirtiu C'oiiiiwin , S()()- Lookout Boiler R Ml j> Comiwnj, 
Sbl, l()2«i-l():>7 


K K Cainiihell lU.ilinu ( o , 

Can uli.in Siioko ( o , I Id , S2()-S2I 
Camel ( oipor.ition, S21 
ClaraRe Imu < ompiin, SJ'i 
Klectiu \ii MiatdCo I)i\ ol llu 
Aim Mean I'ouudiN \ iMluip- 
iiK nt t'o , dr»7 

iMiibinks Moise ( o , S-!.S-S‘JM 
I'edcUts Maiuilaituiiiiu ( o , MriS 
Mc(>uay, Iiu<»ipoiatul, SU 
Modim Mamilailuimu I <i , dV) 
Jolin I Nisliitl, I IK , M7J-d7 J 
Nianaia Blouti ( oitiimn, S {2-Ski 
B b Stint! v.iMl ( o , ‘C)() 

Tlurmal lliiils M inul.u tin inn 
C oiiii) iiiN, S {7 
Irani ( oiupaiu, 1 lie. 10') I 
Unit Iliatii iS. ( oolu ( o, 1 lie, <)()() 
I, 1 Winn Mil* < o . 'ni-'n') 
YoLinu K.idiatoi ( oiuiiaiu, <l(il 

IlKArKRS. Cabinet 
An I)(\uist otpoi dion, SlS-.Sl'l 
Ainiiuan K.idialot ( onipain, Sli, 
SOS-MOl ')71 

Buinliain Boilit ( <ii])oi dioii, 002- 
00.{ 

Deko-lMiKiilaiie ( oiiditionin^ Di- 
vision, (loneial Motois Sides 
C'oipoiation, S."»L*-sr»l 
l'l(*<.tiol, I m Ol pin at ed, SI<i-SI7, ')27 
lMn1>.inl s Mol SI \ ( o , S2S-S20 
Im)\ iMiiHiUe Co , I III , MS-SII 
OeniM.iI I'Jeiliu ( oiiipiiny, S(>0- 
KOl, 102(»-1027 

Ileniy Imiiii.iu X iMuindiv (o, 
B(»‘2-S(>*{ 

S I lolmson ( o , <I2S-<)2'I 
MiOuay, huoipoiatid, Sil 
Module M.iniil.ii tinmu Co. OV) 
Thiiiiial Units M.iniit.KliniiiM 
C'oiiii) iiiv, S{7 
Ti.iiie ('oiiiiiiinv, llie, 1001 
Wul-Mt I>ani Coinpain, 000 
Youiik K uliatoi ('omiiiiin , 0(il 

IIEA'IKRS, Kletlric 
An Di vues ('oi potation, SIS-MO 
Anto\enL Imu ik Blowei ('o , Ol'i 
Binnlitim Bodin ( oipoiation, 002- 
<M){ 

ICleitiK An llialei Co, Div ol the 
AniinUiin bonndiv it I'aiiii])- 
nii nt ( o , <)r»7 

(fenii.il Mint I It ( oinp.inv, SliO- 
S()l, 102(»-1027 

Gunnell Coiuii.iny, Iiu , 00(i-<ll)S, 
107S 

llu Kli^tiit \'entdiitiiif> ( oni|).iiiy, 
010 

B b Stintev.int Co , 0.“i0 
Tlieinial Units Mannl«ictiiiinK 
Company, S.i7 
Trane ('omp.iny, I lie, lO*)! 
Weil-Mcl«ini Coiui>.iny, 000 
Westniiilionse Itliitiu it Manii- 
iattniiiiK C oinpanv, SIO 
Youiik Ikiicli.itor ('ompaiiy, 0()1 

HEATERS, Feed Water 
Brownell C'ompany, Tlie, HOI 
Caibondiili Div WoilliniKton 
Piunp ik M.iclnm ly ('<» , S2{ 
Davih ItiiKinoiiinK ('oipoiatioii, 07r> 
Geiieial ICleitiit Company, 000- 
901, 102(1-1027 

WebtmHboiisc Electric &. Mann- 
f.ictininft Co , SIO 

HEATERS, Fuel Oil 


WiIlMins ()il-()-Matir IhMtinii ( oi- 
poiatioii, S7(>-S77 

IlhA'I KRS, <;as 

Vinetiian (i.is Piodiuls Coip , S07 
Bin Ilium BoiUt Corporation, 002- 
<10 { 

(teneial Miitiu ( ompaii>, S(>0- 
S(il, 102(1-1027 

Ml vet Iniinate C oini>iinv, Ilie, .S(>() 
United States R»idiitor C'oipoia- 
lion, ')12-01 { 

HEATERS, Hot Water Service 
\ii l)i\ues ( oipoi.ition, SlS-Sl<) 
\in< III III (liis PiiKliRts C'orp , S')7 
\ineiK in K.idialot ('oinpanv, S 12, 
SOS-<)01 <)7I 

Bell iC. C.ossett ('oinp«inv, 07(>-<)77 
Biowiull ( oinpanv, The 1101 
Bin Ilium Boiki ( oiiiotalion, <)02- 
<)().{ 

t i.ini ('omi).inv, ‘)0l-<)0'> 

I' let 1 1 ol, I nt OI poi.iti d, S 1 (hS 1 7, <)27 
biti'Kibbons BoiUi C oinpanv , liu , 
01S-<)1<) 

rieiny Innnate & lomndiv C'o , 
M»2-K(» { 

S r lolinsoti ( o , ‘)2.S-<)2‘) 
kewanee Boilei ('oipoialion, 020- 
021 

Lookout Boilei R MIk ('oinpanv, 
‘)22-<)22 

L ) Mmlli 1 burnate Co , S70-S71 
SiieiKit Ileitei ('onipanv, OKLOll 
StetlniR KniiinisTiim (ompanj, 
10.H')-1()')1 

'laio Meatus, Im , 07S-070 
Iheimal Units ManuladuunK 
( ointuny, S,{7 

Unitid States Radiator C'otpoia- 
lion, 012-012 

Wiiteililiii Bullets, Incoiiiorati d, 

<)2(i 

WilliaiUh Oil-()-Matic Ue.itinK ( oi- 
Tioiatioii, S7(i-S77 

Went in K house Flectiii iC Maini- 
l.it InnnK ('o , 810 

HEA'IERS, Indirect 
\eiotin ( orpotation, <)(i2-0(U 
\meric.m Distiict Steam ('ompany, 
<110 

\iiuruan Radiator Corapanv^ 81 {, 
S<)8-<.)01, 071 

Bell N Gobsett ('ompanj, 07l)-<)77 
IC k C'amplMill Ileatinf? Co , ‘M»0 
( lube Biasb R Copper Co , Incor- 
ponited, 1020ul021 
Davib EnKineeringCorpoiation, <)75 
ICleclric \n Heatci Co , Div ot the 
\meritan Foundry 1C Eiiiiip- 
ment C'o , OIT 

lUeclrol, Incorporated, 81()-817, 927 
KiL/mbbons Boiler Compan>, Inc, 
‘)1S-91‘) 

McUiiay, Incorpoiated, 031 
National Radiatoi Corpoiation, 

<)(){i-‘)0« 

Sterlmfi EngineerinR Companv, 
1()S‘)-1()91 

Taco Heaters, Inc , 078-970 
Thermal Urntt. Manulactunng 
t'omiwny, 827 

Unit Ileatir and C'ooler C'o, llie, 
9(iU 

L I Wing Mtg Co, 0)4^0 >3 

HEATERS, Refuse Bumin{l 
\raeiican Radiator Company, 812, 


L J Alutller Fiitnace C'o, 870-.S71 

IIEATICRS, Storage 
\int ritati District Steam Conirunv , 
010 

Bell iv, (/ossett Company, 07(>-977 
Biownell C'oinjunv, The, HOI 
Burnham Boilei ( oiiioration, 002- 
<)()2 

D.ivis Em>iiii i iinfi C'oiporation, <)7") 
(rtneral Eleittic Coniiianv, S(>0- 
8(1 1. 102(1- 1027 
Tail) Ileatirs, Jnc , <)7S-<)70 


HEATERS, Tank 
\nienuin Radiator Companv, Mi, 
S<)S-‘)01, ‘)71 

Bell 4s (jObsitt C omptiny, ‘l7(>-077 
Buinham Boiler Corporation, <102- 
‘) 0 ‘{ 

Fit'gibbons Hoik t Comi).inv, Inc, 
‘)18-<)1‘) 

Ciriniull Comiianj, Inc, ‘)()(»-<)()S, 
107S 

kewanee Boikt Coiporation, 020- 
<)21 

lookout Boiler & Mtg Conuunv, 

<)22-02 i 

L T Miiellei Fiunact ( o , S70-K71 
National Radiatot Corporation, 
<)0()-‘)08 

Spencer Iliater Companv, ‘)10-<)11 
Sleiling Engineering C'oiupanv, 
lOS'l-lOt)! 

Taco Heaters, Im , <)7S-<)7<) 

United Stalls Radiator C'orpor.i- 
tion, 012.‘)1 { 

Weil-McLain Company, 0()<) 
Westinghouse Electtic 4k M.inii- 
factunni? C'o , SH) 


HEATERS, Unit 
\ir Devices Corporation, S1S-81<) 
\ntlierm Manulaitiinni? C'o, <)")(> 
\mcrican Blower C orpotation, 820- 
821 

\iitovent Fan 4k Blowir C'o , 015 
Bayley Blowei C'ompany, OK) 
Buckeye Blowei C ompany, <)72-‘)72 
Bulf.ilo Forge Compiiny, W 
Burnham Boiler C'orporation, ‘)02- 
90 i 

E K Campbell Heating C'o , 000 
C anadiiin Sirocco Co , Ltd , 820-821 
C'atiier Corporation, 821 
Champion Blower 4k Forge Co , 918 
C'larage F,in C'ompany, .82,') 
Delco-Fngidairc Conditioning Di- 
Mbion, General Motors Sales 
Corporation, 8'>2-8.')4 
C A Dunluim C'ompanj, 107()- 

1077 

Electric \ir Heater C o , Div of the 
AmeriCiin Foundry' 4k Ecpiip- 
ment Co , O')? 

Fairbanks Morse & C'o , 828-820 
Feddcrb Manufacturing C'o , O.'iiS 
Gnnnell Company, Inc , <)()()-0()8, 

1078 

Ilg Electric Ventilating Company, 
010 

McQuaVi Incorporated, Si 1 
Modinc Manufacturing Co , 0.>9 
National Radiator Corpoiation, 
<J()()-‘)0S 

Herman Nelson C'orp , The, 070-‘)71 
Tolm J Nesbitt, Inc , 972-072 
Niagara Blower Company, 822-82 J 
B F Sturtevant Co , <) 30 
Thermal Units Manufacturing 
Company, 837 
Trane Company, The, 100 1 


Bell and Clossett C'i)mp.iny, 97()-077 
Davis Engineering C'orpoiation, 075 
Dcko-Frigidaire C'onclitioning Di- .S98-‘)01, 074 
visum, Crenei.il Motois Sales kewanee Boiler Corporation, 020- 
Corporation, 8.32-834 921 


Numerals followini* Manufacturers’ Names refer to pages in the Catalog Data Section 
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Unit Heattr and Cooler Co , The 
UOO 

United States Radiator Corpora- 
tion, 912-913 

L J WingMtg Co,954-9")'> 
Young Radiator Company, 901 

HEATERS, Unit, Gas Fired 
Amencan Gas Products Corp , S97 
Buflalo Forge Company, 947 
E t Campbell Heating Co . 9f)9 
L J Mueller Furnace Co , 870-S71 
Trane Company, The, 11)91 

HE\TING SYSTEMS, Air 
Vir De\ices Corporation, 818-819 
Airtemp, Incorporated, S44-S45 
Airtherra Manutacturing Co , 951 1 
Amencan Blow er Corporation, 820- 
821 

American Gas Products Corp , S97 
Amencan ^diator Corapanj, 84 J, 
898-001, 974 

•\utovent Fan & Blower Co . 045 
Buckeye Blower Company, 072-973 
Buffalo Forge Company, 947 
Burnham Boiler Corporation, 902- 
903 

E K Campbell Heating Co , 9(59 
Canadian birocco Co , 820-821 
earner Corporation, 824 
Clarage Fan Company, 825 
Ddco-Fngidaire Conditioning Di- 
vision, General Motors Sales 
Corporation, 852-854 
Electnc Vir Heater Co , Di\ of the 
Amencan Foundry Equipment 
Co , 957 

Electrol Incorporated, 84t>-847, 927 
P'edders Manulactunng Co , 958 
Fo^ Furnace Co , The, 848-851 
Gar Wood Industnes, Inc , 858-839 
General Electric Company, SfaO- 
801, 1020-1027 

Henry Furnace & Foundry Co , 
802-803 

Ilg Electric \entilating Company, 
949 

8 T Johnson Co, 928-929 
klelvinator Division ot Nash- 
Kelvinator Corp , 807, 809, 930 
Lenno\ Furnace Co , Inc , 8()4-S(»5 
Meyer Furnace Company, The, 8()0 
Modine Manutacturing Co , 959 
L J Mueller Furnace Co , 870-871 
National Air Conditioning, Inc , 
872 

Herman Nelson Corp , The, 070-971 
John J Nesbitt, Inc , 972-97 ■{ 
Niagara Blower Company, 832-833 
Norge Division, Borg-Warner Cor- 
poration, 873, 932 
Reynolds Corporation, 1010-lUll 
B F Sturtevant Co , 950 
Thermal Units Manutacturing 
Company', 837 
Trane Company, The, 10‘)4 
Unit Heater and Cooler Co , The 
9b0 

Umted States Radiator Corpora- 
tion, 912-913 

Utica Radiator Corporation, 874- 
875 

Westinghouse Electric & Manu- 
lacturing Co . 840 
L J Wing Mfg Co , 954-955 
Young Radiator Company, 901 

HEATING SYSTEMS, Auto- 
matic 

-Vartemp, Incorporated, 844-845 
American Gas Products Corp , 897 
\mencan Radiator Company, 843, 
898-901,974 

Anderson Products, Inc, 1124-1125 
Please mentioi 


Burnham Boiler Corporation, 902- 
903 

Carrier Corporation. 824 
Delco-Fngidaire Conditioning Di- 
vision, General Motors Sales 
Corporation, 852-854 
Electric Air Heater Co , Div ot the 
VmeriLan Foundry Eiiuipment 
Co, 957 

Electrol Incorporated, 84fi-S47, 927 
Fo\ Furnace Co , The, 848-851 
Gar Wood Industries, Inc , 858-859 
General Electric Company , SbO- 
S()l, 1020-1027 

Gilbert & Barker Mtg Co 855-857 
Henry Furnace 8. foundry Co , 
Sb2-Sf)3 

S T Johnson Co , 92S-929 
KiMvinator Division ot Nash- 
Kelvinator Corp , St)7, Sb9, 930 
Lennox Furnace Co , 8()4-8b5 
Mever Furnace Company', 8b(» 

L J Mueller Furnace Co , 870-871 
Herman Nelson Corp , The, 970-971 
Norge Div ision, Borg-W'a'mer Cor- 
poration, 873, 932 
Research Corporation, 880 
Spence Engineering Co , 1122 
H A Thrush & Co , 980-981 
Trane Company, The, 1094 
W'llliams Oil-O-Matic Heating Cor- 
poration, S7t)-877 

HEATING SYSTTEMS, Furnace 

Airtherm Manutacturing Co , 95() 
Amencan Gas Products Corp , 897 
E K Campbell Heating Co , 9b9 
Carrier Corporation, 82 4 
Delco-Fngidaire Conditioning Di- 
V ision, General Motors Sales 
Corporation, 852-854 
Electrol, Incorporated, 846-847, 927 
Fox Furnace Co , The, 848-851 
Gar Wood Industries, Inc , 858-859 
General Electric Company, 8()0- 
801, 102()-1027 

Gilbert & Barker Mfg Co , 855-857 
Henry Furnace & Foundry Co , 
802-803 

S T Johnson Co , 028-929 
Kelvinator Division ot Nash- 
Kelvinator Corp , 8()7-8()9, 930 
Lennox Furnace Co , Inc , 804-8()5 
Meyer Furnace Company, The, 800 
Milcor Steel Co , 1009 
L J Mueller Furnace Co , 870-871 
Herman Nelson Corp , Inc , 970-971 
Norge Division, Borg-Warner Cor- 
poration, 873, 9 32 
United States Radiator Coipoia- 
tion, 912-913 

W'^ilharas Oil-0-Matic Heating Cor- 
poration, 870-877 

HEATING SYSTEMS, Gas Fired 

\irtemp, Incorporated, 844-845 
kmencan Blow'cr Corporation, 820- 
821 

American Gas Products Corp , 897 
Amencan Radiator Company, 84‘3, 
898-901, 974 

Barnes & Jones, Inc , 1074 
Burnham Boiler Corporation, 902- 
903 

E K Campbell Relating Co , 909 
Canadian Sirocco Co , Ltd , 820- 
S21 

Carrier Corporation, 824 
Crane Co , 904-905 
Delco-Fngidairc Conditioning Di- 
vision, General Motors Sales 
Corporation, 8,52-854 
Fox Furnace Co , The, 848-851 
Gar Wood Industries, Inc , 858-859 

i THE GUIDE 1937 when writinft 


Central Electric Company, 8(>0- 
801, 102(>-1027 

Henry Furnace 8. Foundry Co , 
8()2-8()3 

S T Johnson Co . 928-929 
Lennox Furnace Co , Inc , S() 4-805 
Meyer Furnace Company, The, 866 
L J MuelUr Furnace Co , 870-871 
National Rtidiator Corporation, 
900-908 

Norge Divibion, Borg-Warner Cor- 
poration, 87 3, 9 >2 
HAT lirubh it Co , 980-981 
Trane ( ompany'. The, 109 4 
Llnited States Radi.itoi Coipora- 
tion, 912-913 

HEATING SYSTEMS, Hot 
Water 

American Blower Corporation, 820- 
821 

Amencan Gas Products Corf) , 897 
AmcriCiin Radiator C'ompany, 813, 
898-901. 974 

Beaton and Cadwell Mig Com- 
pany. The. 1072-1073 
Bell & Gossett Company, <)7()-977 
Burnham Boiler Corporation, 902- 
903 

('aiudian Sirocco Co , Ltd , 820-821 
Crane C o , 904-905 
Delco-F'ngidaire Conditioning Di- 
vision, Gent 1 a! Motors Sales 
Corporation, 852-851 
Electrol Incorporat(‘d, Sl(»-847, 927 
Gar Wood Industries, Inc , 858-859 
General IChctiic Company, 8(>0- 
S()l, 102(>-1()27 

Gilbert & Barkei Mtg Company, 
855-857 

Htnry Fiirnatt & Foundry C'o , 
8()2-8()3 

S T Johnson Co , 928-929 
I J Mueller F'urnace Co , 870-871 
Nfitional Radiator Coiporation, 
90(>-<)08 

ParkfcrCram(‘i Company, 835 
Sterling Engineering ( omiiany, 
lOSO-lO*)! 

Taco Heaters, Im , 978-979 
H A Thrush 8. C o . 980-981 
Trant Compaiiv, The, 1091 
United States Radiatoi C'oipora- 
tion, 912-91.3 

Utica Radiator ( oipoiation, 874- 
875 

Williams Oil-O-Matic Ik,iting Cor- 
poration, 87(»-877 

L T Wing Mlg C ompany, 95 1-9.55 

HEATING SYSTEMS, Oil Fired 
Airterap Incoipoiated, SI 1-8 4,5 
American Blower C'orpoiation, 820- 
821 

American Radiatoi Comp,i«y, 84,3- 
898-901, 974 

Barnes & Joms, Incoipot ited, 1071 
E R C'ampbell I hating ('o , 9()9 
Canadian Sirocco ('o , Ltd , 820^821 
Carriei C oiporation, 82 4 
Crane Co , ')0 4-90.5 
Delco-F'ngidaire < onditunnng Di- 
vision, General Motois Sales 
Corporation, 8.52-8.54 
Electrol Incorpoiated, Sl()-S17, <)27 
F'ox F'urnace Co , The, 8 48-851 
Gar Wood Inclustius, Inc , 8.58-859 
General Electric Company, S()0- 
801, 102()-1027 

Gilbert & Barker Mtg Co , 855-857 
fa T Johnson Co , 928-929 
Kelvinator Division ot Nash- 
Kelvinator C'orp , S()7-8()9, 9,30 
Lennox F'urnace C'o , Inc , S() 4-805 
Meyer F'lirnact ('omptiny, Ihe, 8()0 

to Advertisers 
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L I Min!l<r lMan.u( ( (i , S70-.S71 
Nition.il K.idi.itoi ( oipoi ition, 
<KM»-‘K).S 

I ht nun Ni Ison t oi[> , I In ‘>70-‘)71 
Norm Dimsioii, Hot^'Wirini < or- 

poMlion, .S7 i, 

II V Munsli ,S. ( o , ‘ISIMISI 
i i.ini t omp mv, I In* lO'U 
(rtiilcd St.itis K.idi.itoi ( oipoi i- 

tion, { 

I liiti Radi iloi ( oipiit ition, ,S7I- 
.S75 

Williams Oil-O-Matii lli itmi' 

( oiniKiny, S7<t-S77 

niCA'IINC, S^SIKMS. Slcttni 
Xnutu.in (las PtiMlints ( oiii , SP7 
Vnntu.in Radi ilot ( oiii[nii\, SI {, 
S‘).S-<)()1, <171 

\ndi isun Piodin ts liu , llJI IIJ'i 
|{.Ltiu‘s\ join's, Iiuoipoi itid, 1071 
Hell (loss! It ( otnpaiiv M7l»-077 
Hiiinli.iin Hod( 1 ( oipoi.ilioii, OOJ- 
<K),i 

1< k ( .imphcll 11< .itini' ( o , 0(i0 
C aim r C oipoiation, .SJI 
C laiii' < o . 001-00') 
l>k()-lMmi(|.iiM ('ondilioiiiim l)i- 
visnni, (ktui.il Molois Sail s 
C oipoi.ition, .SIJ-.S.*)! 
t A Diinliam (oiiipuu, 1070- 
1077 

I'lcttiol liuotpoi.ilid, SI(»-SI7, 027 
(rar Wood Indiistni's, [in , SfiS-SV) 
(fi'iieiiil Metlm. t oiiipanv, S()0- 
Hlil, 102()-1027 

(nllu'it H.ulvoi Mlj* t o , sr)')-sr)7 
lloliman Sxsialtv ^'o, liu , lOSO- 
lONl 

Illinois ICuKinei line. (oinp.iin, 
10S2-l(),Si 

S 1 jolmsoiv ('o , 02S-020 
Milwiiikd Valve ( o , 10SI)-1(I.S7 
Iv ) Min lU r iMiinai t ('o,S70-S7l 
National R.idi itoi ( otpoMlion, 
‘K)(i-00S 

llennan Nelson (’oii) , 1 he, 070-071 
Kn-wiL ( oini).inv 1 in . 1021 
.SiKo ('omp.inv, liu , 1(V12-1(KM 
Si)eiu( KnuMU'i iMiK ( o , 11 
SterliiiK haieiniviiiiK (’omp.inv, 
lOSO-lOOl 

'liane C oiup.inv, The, 1001 
Unit lU.itei k Uoolei t o , I he, 0(»0 
Unit<*d St.itis Radi itoi ('orpoi.i- 
tion, 012-Old 

Ulna Radiatoi Uoipoiation, 87 1- 
87') 

Waireii Wibstei k ('omiiiinv, 
l()0f)-10«)7 

Wilh.mis Od-D-Matic Ileatinj; ('oi- 
poration, S7()-877 
U I Wmn Mljt t o , O') !-< >,')') 
IIEA'UNt; SYSTEMS, Vacuum 
Viueru.m (1 is I’rodiuts t oii) , S07 
\ineman Radi.itoi ( oiiipanv, 81.!, 
808-001, 071 

Hatnisk join's, Ineinpor.ited, 1071 
Heaton and t .idwi'll MIh <'o , The, 
1072-107 i 

Hurnham Hodei ( oipoi.ilion, 002- 
<ia{ 

Crane { o , <)()l-00.") 

Deko-hriKidaue CondiLioiimu Di- 
vision, (Jeiuial Motois Sales 
Corporation, 8">2-.S,“) I 
C A Dunham (.'ouipany, 1()7()- 
1077 

hUitrol Intorpomted, 810-817, 027 
Gai Wood Industries, Inc , 8r)8-8r>0 
Gencial Elcctrn. Company, 81)0- 
8(»1, 1020-1027 

Wilham S Haines & Co , 1070 
Holtman Specialty Co , Inc , 1080- 
1081 


Illinois KiiRiiu'eiitiK < onipany, 
1082-1081 

Milw inlvte \ .live t o , U)8()-1U87 

1 I M in III I I'll! nace Co , 870-871 
N itninal Radi itoi ( orporation, 
‘K)(»-<KKS 

New \oik. \ii \alM ('oipniation, 
11.50 

Slid) (’onipiii\, I IK , 10‘)2-10‘M 
Sieihni^ hiiKiineiint' Cotnp.iii\, 
I08‘l-I0‘n 

I i.ine ( oni]) in\ , I he, lO'M 
( 'intdl Slates Kadialoi (oipoia- 
lioii, ‘112-011 

rtn.i R.nhatoi ( oipoialion, STI- 
NT') 

U UK II Wi hstei k ( onii).in\ , 10‘)")- 
in'17 

W dliams ()il-< )-M ilu lleilinj’ Coi- 
poiatioti, .87(1-877 

IIKA'I ING SY.STKMS, Vapor 
\ nut nan Distiiit SUam (om- 
p.inv, ‘110 

\ mem an (iis Piodints toil), 8‘17 
\nu‘ruan ICidiatoi (ompanv, 811- 
S‘I8-‘10I. ‘171 

Hatties k )oms, Iiuoiiioiated, 1071 
t i.iin ( o , ‘l(ll-‘l(r) 

Delio-iMiKidaiie ('onditioniiiK Di- 
vision, (itiMial Motois S.iles 
( 'oi pot at ion, 8.‘)2-.S.') 1 
( \ Dimh.im (oiniutu. 107(i- 

1077 

hid (ml liuorpoiatid. 8I()-SI7, ‘127 
(till W'ood liuliistms, Im , S")H-8r)‘l 
(fimial hleitm (onipany, ShO- 
8()1, 102(1-1027 

Wilham S flaiius k Co , 107‘1 
Ilollman SpeiialU (o, Im , 1080- 
lOSl 

Illinois ItnuiineiinK Cumpain, 
1082-1081 

S r johnsoii Company, <128-020 
kilvinatoi Division ot Nash- 
kehiiiatoi Coip , 8(j7-8()‘l, ‘HO 
Milwaiikie Valve Co , l08()-1087 
1 I ^IueIler JoiiiKue Co , 870-871 
Nation, il R.i(li<itot Corporation, 

<10li-‘108 

1 let man Nelson ('oip , The, <17(M)7l 
New Yoik 111 V.ilve t'oipoiation, 
UK) 

Slid) Company, Inc, l()‘12-ll)‘l.l 
.Steihnu KuKinceiins Comp.iny, 
10S‘1-10<11 

Fraiu' Conipanv, Ihe, 1001 
United Stalls R«idiatoi torpoia- 
tion, 012-<1U 

Util a Radiatoi Coiporation, 874- 
875 

Wairen Wi bstei k Conipanv, I011.> 
10il7 

\\ ilhams Oil-D-Matic IIcaliiiK Cor- 
poiation, 87(»-877 

IlOr WATER IIEATINC, wSYS- 
TEMS {Se< Jftaltng Svslems, Ilol 
11 ait't ) 

HUMIDIFIERS 

\ii Dev lies ('oipoiatiim, 818-810 
AirLemp Iiu'orpoiated, 8U-8t.i 
\nieriian Blovwr ( orporation, 820- 
821 

\merican Moistening Company, 
817 

\mcm-aii Radiator Company, 843, 
8‘)8-‘101, <174 

Haker Ice Machine Co , Inc , 822 
Binks Manutacturing Company. 
0.18-03<) 

Biitfalo Forge Company, 947 
Burnliam Boiler Corporation, 902- 
<103 

E K Campbell Heating Co , 0I)<1 


Canadian Sirocco C o , Ltd , 820-821 
( ariiir C i>ri>oration, <12 1 
( l.iMge Fan Company, 82, > 

Crane Co , <101-<l(r) 

Delco-hngidtiiri Conditioning Di- 
vision, Gi'iural Motors Sales 
( orporation, 8‘)2-8r)4 
lUutrol, Incorporated, 8 K 1-8 17, 927 
hail banks Morse k ( o , 828-S2<l 
ho\ FuinaceCo , Ihe, St8-8')1 
(ii'noral ElecLrii ( oinpany, 8(>0- 
8()1, 1()2()-1027 

(iiinnell Coiupanv', Inc , ‘)()()-<l()8, 
1078 

Henry h'uiiuci k h'ouiuliv Co, 
8()2-S(>{ 

llg Elcctiic Ventilating Comijany, 
‘ll‘l 

Johnson Service Comp.iny, 1110- 
IIU 

I anison C omp.iny, The, 878 
1 ciini)\ Inirnace Co , Inc , 8()t-Sb.'> 
McC>ua> Incoiporati'd, 8.14 
Mi'voi hut nace t o , The, 8()l) 

L J Muellei Furnace Co , .870-871 
Natioiuil \ir Conditioning, Inc, 
872 

Ni.igar.i Hlowcr C'oinpany, 832-8.{3 
Norge Division, Horg-Wainer Cor- 
poration, 873, <M2 
Parks-Cramer C ompanv, Sir) 

H F Still ti'vant Co , ‘FiO 
Iliermal Units Maniilaiturmg 
Company, 837 
Trane Conipanv, The, 10‘) I 
Unit Hiati r & C oolci Co , The, <100 
United suites Radiator ( orpora- 
tion, ‘112-<113 

Utiia Radiator Corporation, 871- 
S7r) 

Weil-McLain Company, <K)<1 
Westinghouse Electric k. Manu- 
lacturing Company, 810 

HUMIDIFIERS, Central Plant 

\irtcmp Incorpoiated, 844-81, '5 
Vmencan Hlowi r Corporation, 820- 
821 

\mcncan Rtidiator Comp^iny, 813, 
K‘)8-<)()1, <174 

Haker Ice Machine Co, Inc , 822 
Haylev Hlower ( ompany, <J4b 
Buffalo horge Company, <)47 
(\inadian Sirocco Co , Ltd , 820-821 
earner Coiporation, 82 1 
C'larage I'an Company, 82.') 
Delco-Fngidaire Conditioning Di- 
vision, General Motors Sales 
Corporation, 8r)2-8.)4 
Electrol Incorporated, 8U>-8t7, 927 
Fairlxinks Morse & C o , 828-829 
Fox Furnace C'o , The, 818-8.')! 

Gai Wood Industries, Inc , 858-859 
(General Electric Company, 800- 
8bl, 102()-1()27 

llg Electric Wntilating Company, 
<)4‘» 

Johnson Service ( oni])an>, 1110- 
1111 

Lainson C ompanv, The, 878 
Meyer Furnace C'o , Thi, 8bl) 
National Air Conditioning, Inc , 
872 

Niagara Blower Company, 832-833 
Norge Division, Borg-Warncr Cor- 
poration, .S73, <U2 
Parks-Cramer Company. 835 
Powers Regulator Co , The, 1118- 
1110 

Research C orporation, 880 
B F Sturtevant Co , 9,")0 
Utica Radiator Corporation, 874- 
875 

York Ice Machinery Corporation, 
841 


Numerals following Manufacturers* Names refer to pages in the C'atalog Data Section 
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HUMIDIFIERS, Unit 
Air DcMces Corporation, S18-S19 
Airtemp Incorporated, b44-S45 
American Blower Corporation, S2Q- 
821 

American Moistening Compan>, 
817 

Buffalo Forge Company , 947 
Burnham Boiler Corporation, 902- 
903 

Canadian Sirocco Co , Ltd , 820-821 
Gamer Corporation, 824 
Clarage Fan Company, S25 
Delco-Frigidaire Conditioning Di- 
\ision, General Motors Saks 
Corporation, 8‘)2-8)4 
Electrol Incorporated, 84G-817, 927 
Fairbanks Morse ffc Co , 828-829 
General Electnc Company, 8b0- 
8<>1, 102t>-1027 

Gnnnell Company, Inc, 90l)-9bS, 
1078 

Ilg Ekctnc Ventilating Company, 
H49 

Lamson Company, The, 878 
Marley Company, The, 937 
McQuay, Incorporated, 834 
National Air Conditioning, Inc , 
872 

Niagara Blower Company, S32-833 
Norge Dn ision, Borg-Wamer Cor- 
poration, 873, 032 
Parks-Cramer Company, 835 
B F Stuitevant Co , 950 
Thermal Units Manufacturing 
Company, 837 
Trane Company. Tlie, 1094 
Unit Heater and Cooler Co , The, 
9b0 

Westinghouse Electric fk Manu- 
facturing Co , 840 

HUMIDITY CONTROL 
American Moistening Company, 
817 

Amcncan Radiator Company, 843, 
898-901. 974 

Barber-Colman Company, 1104- 
1105 

Bristol Company, The, 982 
Browm Instrument Company, 983 
Camer Corporation, 824 
Consolidated Ashcroft Hancock. 
Co , Inc , 984 

Cook Electnc Company, 1100 
Davis Regulator Co , 1075 
Delco-Fngidaire Conditioning Di- 
vision, General Motors Sales 
Corporation, 852-854 
Detroit Lubncator Company, 1107 
Foster Engineering Co , 1128 
Fox Furnace Co , The, 848-8.51 
Julien P Friez & Sons, Inc , 1108 
General Controls, 1112 
General Electnc Company, SliO- 
8bl, 1025-1027 

Gnnnell Company, Inc , 906-908, 
1078 

H-B Instrument Co , 985 
Henry Furnace & Foundry Co , 
802-803 

Johnson Service Company, 1110- 
1111 

Lamson Company, The, 878 
Leeds & Northrup Company, 987 
Mercoid Corporation, The, 1113 
Mi^eap^c^hs-Honeywell Regulator 

National Regulator Co , 1116-1117 
Niagara Blower Company, 832-833 
Parks-Cramer Company, 835 
Penn Electnc Switch Co , 1120 
Pittsburg Lectrodryer Corp , 879 
Poivers Regulator Co , The, HIS- 
1119 


Sylphon Control Systems, Inc , 
1123 

Taylor Instrument Companies, 988- 
989 

HUMIDITY RECORDERS 
Bnstol Company, The, 982 
Brown Instrument C ompany, 983 
Consolidated Ashcroft Hancock. 
Co , Inc . 9S4 

Julien P Friea & Sons, Inc , llOS 
H-B Instrument Co , 985 
Leeds & Northrup Company, 9S7 
Minneapolis-Honeywcll Regulator 
Co. 1114-1115 

Taylor Instrument Conipame'^, 988- 
<)89 

INSERTS, Concrete 
Gnnnell Company, Inc, 96()-9()8, 
1078 

INSTRUMENTS, Indicating 
and Recording 
Bristol Company, The, 982 
Brown Instrument Company, 9,S3 
Builders Iron Foundry, 1023 
Consolidated Ashcroft Hancock. 
Co . Inc . 984 

Julien P Fne/ & Sons, Inc , 1108 
H-B Instrument Co , 985 
Johnson Service Company, 1110- 
1111 

Leeds &. Northrup Comp«inv, 987 
Mmneapolis-Honcywell Regulatoi 
Co . 1114-1115 

Powers Regulator Co, The, 111.S- 
1119 

Taylor Instrument Companies, 988- 
989 

Westinghouse Electric & Manu- 
facturing Co, 8 K) 

INSTRUMENTS, Weathei 
Wcai/M InUrumtnts) 

INSULATION, Buildinjl 
\gasote Millboard C'o , Tlic, 99() 
Alfol Insulatiun Company, Ini , 
992-993 

Armstrong C'ork Products ('mu- 
pany, 994-995 

Celotev Corporation, The, 998-999 
Cork Insulation Co , Inc , 997 
Eagle- Picher Lead Company, Thi, 
1002 

Ehrct Magnesia Manufacturing 
Co . 1000-1001 

Insulitc Company, The, 100H(K)5 
International Fibre Board Liiiiited, 
1003 

Johns- Manville, 100()-1007 
Mundet Cork Corp , 1008 
Owens-Illinois Glass Comp»iny, 888 
Paafic Lumber Co . The, 1009 
Reynolds Corporation, 1010-1011 
Ruberoid Co . The, 1012-1013 
Silvercotc Products, Inc , 1014 
Standard Lime & Stone Company, 
The. 1015 

United States Gypsum C'ompany, 
1010-1017 

Zonohte Company, The, 1018-1019 

INSULATION, Pipes and Sur- 
faces (6et Corirtnqs, Piln\ and 
Swface<i) 

INSULATION, Sound 
Deadening 

Alfol Insulation Company, Inc , 
992-993 

Armstrong Cork Products Com- 
pany, 994-995 

Celotex Corporation, Tlie, 9<)8-99D 
Cork Insulation Co , Inc , 997 


Eagle-Picher Lead C'ompany, The, 

Ehret Magmsia Manutactunng 
Co . 1()00-1(X)1 

Insulite Compinv, The, 1004-1005 
International Fibre I3o.iid Limited 
1003 

Jolins-Manvilk, U)0<V10()7 
Mundet C'ork Coip , 1008 
Ow( ns- Illinois (rlass ( ompany, 888 
Pacific Lumber C o Tlie, 1009 
Ruberoid (o. Tin, 1012-1013 
Standard Lirm fC Slone C'omnanv. 
Ihe. 1015 

Zonohte Company, Ihe, 1018-1019 

INSUIjATION, Underfiround 
Stcann Pipe 

Mfol Insulation C ompany, Inc 
‘)92-<)9 1 

\mi man UistiKt Steam Company, 
910 

Eagle- P k lit r I lad Comp my. The, 
1(K)2 

Ehiit M.ignesia Manufacturing 
( o . 10(K)-1001 
Johns-Manville, 100(>-1(K)7 
Owenvlllinois («lass ( ompany, 8SS 
1 1 W Porter fk C'o , 1020 
Rit-wiL C'oiupany, riit, 1021 
Rubiroicl C'o , The, 1012-1013 
/onoliti C ompany. The, 1018-1019 

INSULATION, VentUatinfi 
Ducts 

\gasote Milll)().ir(l C'o, The, 99() 
\lioI Insiil.itioii ( ompany, Inc , 
992-993 

Vrmslrong Cork PriKliiits C'om- 
piny, 99l-<)95 

('elotex ('oti)or.ition, The, 998-990 
C'ork InsiiI.iLion C'o , Inc , 997 
E.igli -Pii liei Lead C'ompany, The, 
1002 

hliret Magnesia Manufactuiing 
C o , 1<K)0-1(I01 

Insulite C’onipanv, The, 1(K) 1-1005 
International hibri Boaid 1 united, 
UK) 3 

Johns-Manville. 1 ()()<)- 1007 
Mundet Ca>rk C orp , l(K),S 
Owens-Illinois GKiss ('oiiip iny, 888 
Pacific Lumber C'o , The, 1009 
Rulxroid C o . Tlie, 1012-1013 
bilveriote Piodiuts, Inc , 1011 
Zonohte C'ompany, The, 1018-1019 

LIQUID LEVEL CON'I’ROLS 
Bnstol C'ompany, riie, 982 
Builders Iron Foiiudty, 102 3 
Davis Engineering C'oi ponition, 975 
Detroit Lubricator C'oiiipanv, 1107 
Foster Engineeiing C'o , 1128 
Fuck C'ompany flncoipoiatid), 827 
lohnson St‘rvice Company, 1110- 

iin 

Kielev ii: Muellei, liic , 1081 
McDonnell fk Miller, 8‘)l-8‘)5 
Minntapolib-Hoiieywell Regulator 
Co. 1111-1115 

Mueller Steam Specialty C o , Inc , 
10.SS 

Spence Engineering C'o , 1122 
Taylor Instrument ('omi),mies, 9RS- 
<)89 

LOUVERS 

\meman Coolaii C'oip , 912-913 
Auer Register C'o , lOfK) 

^utovcnt ban fk Blowei C'o ,915 
Binks Manufactuiing C'o , 938-939 
Buffalo Forge Comp.iiiy, <)17 
Burt Mfg C'o. The, 1131 
E K Campbell Heating Co , 9119 
Champion Blower fk Forge C'o , 918 
Clarage Fan C'ompany , 825 
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titmial C'otUtols, 111L> 
irin!\ luiin.m iv (n, 

W»2-S(» i 

Natioiul RcmiUtot Cu, lllo-lll7 

Tuiiu‘ ( t)iup m\ , Ilu*, 
luttlo it liaiU\, liu , l()Ul-l(h>") 
Unit I iv ('odlci < o , I lu*. M(»() 

\ViLoilo() Rt'nisUi (.(uupuu, riu, 
!()()(» 

\oiiim Ki'Kul.itoi ( ompain SSl 
MACi’AZINKS ( Sm l‘nhlitmii)n\] 

MANIIOLK C:<)VKRS, For 
llndcrftroimd Systems 
\nuiKan Oislnit SUani { Diiipaiu, 
<)«) 

II W I’oitu it ( () . KUO 
Ru-wiI C'ompaiu I he KL’l 

MKCIIANICAL DRAK l’ VPPAR- 
VI US (S«< loimi 

lhall) 

MKTERS, Air 
Kiisldl ( t)inpanv, T lie. MSJ 
HiiiUUts lion houiidiN, 102 t 
jiilMMi I* hill / \ Sons, hu , 1 lOS 
Mimieapnlis-MoneNwi'll Kiuul iloi 
( (1 . Ill I-lll'i 

ra\l«>t Instnmienl Coinpinus, 
MSS-OSO 

MK'lERS, All VolocKj 
ViKhison PiodiKts, Iiu . llJI'llJa 
liilini P Imk / it Sons, Itu ,1 lOS 
Illinois ristinji I iboMtoius, Im , 
0S(> 

Minn<‘ai>olis-non(*>\N«‘Il RokmI iloi 
Co , Ull-Ula 

Poweis Ki mil itoi Co, llie, lllS- 
1110 

Tavloi InstiiinuMitC (impann*s,‘)SS- 
OSO 

ME'I ERS, (londiMihadoii 
Vmoiitau DistiiU Steam C ompan\, 
010 

(',nbond.il<* Die , Woitlnnuton 
Pump it Mat Inneiy ( o , S2 I 

METERS, Feed Watei 
Hiiildiis lion lomndiN. 102.5 
MiinuapoUs-ntiuevvttll Rt mil.iloi 
Co. nii-iiri 

METERS, Flow 
IhisLoI C'tmipaiiy, riie OsJ 
Uiowii Instrument ( ompan>, OS 5 
Kinldeis lion louindiy, 102,1 
lACtls it NoitUiup I'oiupanj, 0S7 
M 1 line, i pol 1 s- 1 1 o n<‘y wi‘l 1 ReKula tor 
C'o .111 1-1 1 la 

Tayloi Insliumenl C'tmuKunes, OSS- 
OSO 

ME TERS, Steam 
Vmeiuan District Ste.un ('ompaiij , 
010 

HuiUleis lion lomiuli>, 102.1 
Ml nneapohs-I loneyw ell Rt nulatoi 
C'o, iiiuiir> 

METERS, Water 
Rudders lion Koundiy, 102 { 

Miniit apolis- Honeywell Reniilator 
Co. llll-lU,'*) 

MOTORS, Electric 
Burber-Colman Company, 1 104- 
IKW 

Century Electric Company, 1024 
General Electric Company, 8(>0- 
8()1, 102<>-1027 

Ideal Electric & MIb Co , The, 
102.') 


U K Still levant Co , 0 VO 
Williams ()il-()-Matii IleatiiiB C'oi- 
poiation, S7(i-.S77 

NOZZLES, Spiay C**'' S/jm/v 
\uzJis) 

OIL BURNER RQUIPMENI' 
\uu ncaii Radiatoi Conipan>, St 5, 
.SOS-OOI, 071 

I)t Ico-hiiBidaiie C ondiLioninu Di- 
Mstoii, (leiuial MoUus Sales 
< oipoiation, hW-SVI 
l)i troll Liihiicator Loiupain, 1107 
Mectiol Iiuoipoiatid, si(>-.SI7, 027 
Im)\ iMiin we C'o , File, tSlS-S.'il 
(lemial Electric C ompanv, StiO- 
Shi, 102(1-1027 

(rilhcitS. Haikii MIb (o,SVV-S")7 
S T lohnson C o . 02S-020 
Muro-Westeo, Inc , 0.11 
ih im.in Ndson Coiii , 1 lu , 070-071 
Noipe Diciston, HoiB-Warnei C oi- 
poiiiLion, 871, 022 
Williams (hl-O-Matu lleatniB Coi- 
pomtion, tS7()-S77 


OIL BURNERS 


Vntemp Incoipoiated, SII-.S4V 
Kalicotlv & Wilcox C onip.inv, 'Ihe, 
01 1 

Combustion EiiBineeiinB Compatii, 
Inc, OK. 

Deho-h'uuidaiie CoudittonmR Di- 
\isi<m, (lOiuial Motois Sales 
I oipoiation, S-U-SVl 
IMtcLrol liicmiroiaUd, .SK)-817, 027 
(tai Wood Indiisliies, liic , SVS-SVO 
Camial Mictnc Comivmj, S(A>- 
S(>1, I02h-l()27 

(filbeit& Haikei Ml 14 Co , 8T>-S,")7 
S 1 lohnson ( o , 02S-020 
kelcinatoi Division ol Nash- 
ICctvinatoi Coip , S()7-8l)0, 0 JO 
1 (iinox iMiiiwti Co, Inc, 8()l-S()’) 


Muio-Wistco, Inc, OJl 
iloiinan Nelson ( oip , The, 070-071 
Noiui* Division. IJoitt-Wainer Cor- 


poiation, K7.J-OJ2 
W'llhams Oil-O-Matic IhatiiiB Coi- 


poiation, S7(»-877 


ORIFKJES, Flow Meter 

IJiistol Company, The, 082 
IJuildcrs Iron Foiindiy, 102 J 
Tavhn Instiiimcnt C ompanies, OSS- 
OSO 


ORIF1C5ES, Radiator 
Vineiican R*idiatoi C'ompanj , M.5, 
8‘)S-«M)1, 071 

IJarncs & lones. Incorporated, 1074 
B( 11 and CrObsett Company, 071J-077 
Detioit Lubricator Company, 1107 
t V Dunham Company, 107(w 
1077 

Iloiiman Specially Co , Inc , lOSO- 
lOSl 

Illinois EnsineeiinB Company, 
1082-X()S.J 

Milwaukee Valve Co , 108(>-1087 
New York Air Valve Corporation, 
11, JO 

Spence Ensineenng Co , 1122 
SKnlinB EngineermB Company, 
108‘)-1(N1 

II \ Thrush it Co . OSO-qSl 
Trane Company, The, 1004 
Warren Webster & Corap*iny, 10*).)- 
1007 


PACKING, Asbestos 
Eliret Magnesia Manuiactiuing 
Co . 1000-1001 
Johns-Manville, 1000-1007 


PANELS, Insulated 
Vgasotc MiUboaid Co , Tlie, 00() 
Cclotex Corporation, The, <)0S-000 
Insuhte ( ompany. The. 1(M)4- 100,5 
Intel national hibre Board lamited, 
100 ) 

Ibnted States (»ypbiim C ompany, 
10 Kh1()17 

ZonoliU Company, The, lOlS-1010 
PIPE, Asbestos 

EaKle-Piclier I.cad tomijanj, The, 
1002 

IChiit Magnesia MaiuilactLirinB 
Co , 1(M)0-1(K)1 
[ohns-ManvilIe, 1()0(>-1007 
St.indard Limi & Stone C ompanv. 
The. 1015 

PIPE, Brass 

Vmerican Brass Cmnpaiij , 1 he, 
1028-1020 

Cliahc Brasb it Coppii Co, Incor- 
porated, lOJO-lOJl 
Crane Co , 004-‘)0.5 
Mueller Brass Co , 10JI-1I).J5 
Rcvire Copper and Brass Incor- 
porated, 10 J8 

Streamline Pipe and hittings Co, 
10.J4-10.t5 

Wolverine lube Company, lO.JO 
PIPE, Cement 

Eagle*- Piclier Lead Company, The, 
1002 

lolms-Manville, 1000-1007 
Rubeioid Co, The, 1012-101 J 
Standard Lirne Ik Stone ( ompanv, 
The. 1015 

/onolite Compan 3 ^ The, lOlS-lOlO 


PIPE, Copper 

Vinenuin Brass Company, The, 
1028-1020 

American Radiator Company', S4,J, 
S08-001, 074 

Cliabe Hrasb & C'oppei C'o , Incor- 
porated, 1 0.10-10 J1 

Crane C'o . 004-005 

MuedUr Brass Co , 10.J4-ll),{5 

Revere Copper and Brass, Incor- 
poiatcd, 10 JS 

Streamline Pipe and Kittingb C'o , 
10.J1-10.J,5 

Wolverine Tube C'ompany, II) JO 


PIPE, Copper Bearing Steel 
( laiie Co , <)04-00.5 
Jones & Lauglilin Steel Corpora- 
tion, 10, Jb 

Republic Steel Corporation, 1027 

PIPE, Copper Molybdenum Iron 
Republic Steel Corporation, 1().J7 

PIPE, Return Bends 
Ameriuin Brass Co , The, 1028- 
1020 

American Radiator Comp,iny, 843, 
808-001, 074 
Crane Co , 004-00.5 
Fnck Company, (Incorporated!, 
827 

C^nnnell Company, Inc , Ot)0-%8, 
1078 

Arthur Harris ik Co , 10.J J 
MueUer Brass Co . 10,34-10 J.> 
Streamline Pipe and Fittings Co , 
1034-103,5 

Vilter Manufacturing Company, 
The, 8,49 

Wolvenne Tube Company, 1039 


Numerals followmg Manufacturers’ Names refer to pages in the C2atalog Data Section 
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PIPE. Steel 

Amencan Rullmg Mill Co , The, 
10b7 

Crane Co , M04-P05 
Jones & Laughlin Steel Corpora- 
tion, lOifi 

Republic Steel Corporation, 10i7 
Vilter Manutactunng Companj , 
The, 839 

PIPE, Wrought Iron 
Crane Co , 904-90 > 

Vilter Manufacturing Companj, 
The. S 39 

PIPE ANCHORS 
E B Badger & Sons Co , 941 
Crane Co , 904-90 "i 
Gnnnell Company , Inc . 9bh-9hS, 
1078 

H W Porter & Co , 1020 
Underground Steam Construction 
Co , 1022 

PIPE BENDING 
Crane Co , 904-90") 

Fnck. Company f Incorporated), S27 
Gnnnell Company, Inc, 9h()-90S, 
1078 

Arthur Hams & Co , 1033 
Vilter Manutactunng Company, 
The, S3‘) 

PIPE COILS C oih. Pi fit) 

PIPE CONDUITS (Su Coudutls, 
Cttdeigi otind Pipe) 

PIPE COVERING (Su Cm'tnn({. 
Pipe) 

PIPE FITTINGS {Sft Piitniqs, 
Pipt) 

PIPE GUIDES 
Crane Co , OOl-OOl 
H W Porter &. Co , 1020 
Ric-wiL Company. The, 1021 
Underground Steam Con'itruction 
Co , 1022 

PIPE HANGERS (bet Ilanqns, 
Pipt\ 

PIPE SUPPORTS For Under- 
ground Conduit 
Vmencan Disstnct Steam Comuiiny , 
940 

E B Badger & Sons Co 941 
H \V Porter it Co . 1020 
Ric-wiL Company, The, 1021 
Underground Steam Construction 
Co , 1022 

PITOT TUBES (Set in Mtann- 
tnq amlRecofdtng I nsti iimtril^) 

PLASTER BASE, Fire Retarding 
Agasote Millboard Co , The, 09() 
Armstrong Cork Products Com- 
pany, 994-995 
Johna-ManMlle, lOOb-1007 
United States Gypsum Company', 
lOlb-1017 

Zonolite Company, The, 1018-1019 

PLASTER BASE, Insulating 
■\gd 80 te Millboard Co , The, 990 
Armstrong Cork Products Com- 
pany. 994-99) 

Celote\ Corporation, The, 998-999 
Insulite Company, The, 1004-1005 
International Fibre Board Limited, 
1003 

Johns-Manville. 1000-1007 
Milcor Steel Co , 1069 
United States Gyrpsum Company, 
1016-1017 

Zonolite Company, The, 1018-1019 
Please mentio: 


PLASTER BASE, Sound 
Deadening 

\gasote Millboard Co , T he, 991) 
Armstrong Cork Products Com- 
pany, 094-995 

C'elotev Corporation, The, 998-999 
Insulite Corapan\, The, 1001-1(K)5 
International Fibre Board Limited, 
1003 

Johns- Mamillt, 100()-1007 
United States Gypsum Company, 
101»)-1017 

Zonolite Company, The, 1018-1019 
PLATES, Iron 

American Rolling Mill ( o , l()(t7 
Carnegic-Illinois Steel Corporation, 
lOfiS 

Jontb & Laughlin Steel Corporation, 
1()3() 

Republic Steel Corporation, 10 37 
PLATES, Stainless Steel 
\mencan Rolling Mill C o , *1 ho, 
1007 

Republic Steel Corporation, 1037 
PLATES, Steel 

American Rolling Mill C'o , The, 
1007 

Tones &, Laughlin Steel Corpora- 
tion, 10 3() 

Re‘pubhc Steel Corporation, 1037 

PRESSURE REDUCING 
VALVES (Stt Reqidatois, Pus- 

uiie) 

PROPELLER FANS (S,< Fans, 
Piopelln) 

PSYCHROMETERS ( Sh \n 
Miasurinii andRttoiding Insliu- 
nienls) 

Vmerican Moistening C'omp.iii\ , 
817 

Bristol Company. The, 982 
Brown Instrument Co , 9S.J 
Consolidated \bhcrolt Hancock 
Co, Ine , 984 

Jiilien P Fne/ &, Sons, Inc , 1108 
IT-B Instrument Co , 98.") 

Johnson *'ervie( Company, 1110- 
1111 

Le*eds & Northrup C'ompany, 987 
Palmer C'ompany, The, 990 
Parks-Cramer Company, 835 
Tay lor Instrument Companies, 9SS- 
989 

PUBLICATIONS 
\ir Conditioning — Oil Heat, 1018 
\mencan Artisan, 1042 
\mencan Society of Retrigeiating 
Engineers, 1041 

Automatic Heat and An C'on- 
ditioning, 104") 

Domestic Engineering, 10 tl 
hueloil Journal, 1040 
Heating & Ventilating, 1017 
Heating Journals, Inc , 1018 
Heating, Piping and \ir C'on- 
ditionmg, 1013 

Plumbing and Heating Tiade 
Journal, 1049 
Sheet MeUl Worker, 1050 

PULLEYS, Chain 
Hart & Cooley Manufacturing Co , 
1002- 1003 

PUMP GOVERNORS (bee Govei- 
nors, Pump) 

PUMPS, Air and Gas 
Amencan Steam Pump Company, 
1051 

a THE GUIDE 1937 when witting 


C urtis Refrigerating Machine Com- 
pany, Dnision ot Curtis Manii- 
f.icturing C'ompany, 82(» 
Ingersoll-Rand C'ompany', 8,30-831 
Nash Fnginreiing Company, I0)(i- 

1057 

PUMPS, Ammonia 
\nurKan Steam Pump Comnaiu. 
10 -il 

John II McCtowiUI ( ompany. Tin , 
1().'>S 

\oik Ice Machinery C'orporation. 
Ml 

PUMPS, Boiler Feed 
\iiunt in Steam Pump t'onipaiiy, 
10 'll 

Biift ilo Pumps, Int , 1052 
( hicago Pump t'ompany, l()"»l- 
10 ")") 

Dcuitiii Pump Coniiianv, 105.3 
Ingeisoll-Rand C omptiny, 830-831 
fohn II McGoyvau C ompany, Ilu, 

1058 

Micro-Westco, Inc , 9 31 

Nash P'ngincciing Company, 105l'»- 

1057 

bteiling Engiinenng Company, 
108‘)-1091 

Ttane C'ompany, The, lOfll 
Wistmgliousi Electric 8, Manii- 
lac taring C'o ,810 

PUMPS, Brine 

\mcncan Steam Piimi) C'ompiny, 
1051 

Carbondale Div , Wcuthmgton 
Pumi) ic Macliineiy Co , 82.3 
Chicago Piimi) Company, 1051- 
1055 

Decatiii Pump Compiiiiy, 105,3 
Imk k C'ompany (Im oiporated), 827 
Ingeisoll-k ind Company, 83l)-.S,3l 
lolm II McGowan C ompany. The, 

1058 

Mnio-Westco, Inc , 9,31 

Nash Eiiginemng C'ompany, 10, 5()- 

1057 

Tnine Company, The, 1094 

PUMPS, Centrifugal 
\nieinan Sle.uu Pump C'ompany, 
1051 

Bell and Crossi tt C'ompany, 97l)-977 
Biifialo Pumps, Inc , 10.52 
C liiuigo Pump Company, 1051- 
1055 

Decdtiii Pump ( ompany, 105,3 
C' \ Diiiihaiii C'ompany, 1071)- 
1077 

Frick Company (Incorpoiated), 827 
Ingcisull-Rand C'ompany, 8,30-8,31 
[ohn II McCJowan C'ompany, The, 

1058 

Micro-Westco, Inc , 9,31 
Nash Enginceiing Company, 1()5()- 
1057 

Il A Thiuah & C’o, 080-981 
Irane C ompany. The, 1091 

PUMPS, Circulating 
American Steam Pump Company, 
1051 

Ki‘11 and Gossett Company, 97(3-077 
Binks Manuluctunng C'o, 93S-9I39 
Buffalo Pumps, Inc , 10,52 
Chicago Pump C'ompany, 1054- 
105,5 

Decatur Pump Company, 1053 
Ingersoll-Rand Company, SJ30-S31 
John II McGowan Company, Tlie, 
10.")8 

Micro-Westco, Inc , 031 
Nash Engineering Company, 105l>- 
1057 
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StetlinK KnKtiK*<*iitn» ( oinp.iiiy, 

II A Thtiish iC ( c) . 

Tram* ( ompiiiy. Hit', 10<)l 

PUMPS, Ciondonsai ion 
Xmcrican R ifluitoi ( onip.iiu, SH, 
S‘)S-<»01, M71 

Xinctitan Stiain Pump ( (impain, 
KHl 

Uiiltalt) Piimiis, Im , lO'ili 
( arbondilt I)i\ , Woitlimnlou 
Pump Mill him 1 V < <» , S-!.i 
( liit.iKo Pump Company, lOll- 
105') 

Ditatui Pump ('umpaiu, 1051 
( \ Dunham ('ompan^, 107(i- 

1077 

lloltmau Spctiallv C o , hit , lOSO- 
lOSl 

InKcisoll-Raml C'ompany, SIO-SU 
Jolin II MtCrowaii ( ompanj, Tlu, 
105S 

Micro- Wostco, Inc , 0,11 

Nash KtiHiiiii'iiiiK ( oiiipan^, 105()- 

1057 

SUrhiiK iMinimviinu Compaii>, 
lOSO-lO*)! 

1 ram* C'ompanv, I he, lO*!! 
PUMPS, on 

Viiicncan Stcvim Pump ( onipany, 
10,51 

Inutrsoll-Rantl < ompun, M()-,S.U 
loiin 11 MtC>ovvaii ( oiiipaiiv, riic, 
105S 

Mu KvWi stto, Iru , 0,11 
PUMPS, Steam 

Viueiican Sit am Pump < omriaii^, 
1051 

Buitalo Pumps, Inc , 10.52 
InKcrsoll-Raud ('ompaiu, SiO-Stl 
jolin II MtCiow.in ( oiiipany, Ihc, 

1058 

lianc C'ompany, Tlu, lO'M 
PUMPS, Sump 

Xmentan Steam Pump ( onipanv, 
1051 

Bultalu Pumps, Iiu , 10,52 
C hic.iKo Pump C’ompanv, 10,51- 
1055 

luuersoll-Raiul C oini)*my, Hi0-S,U 
loliii II McCaiwan C'ouiisiu), The, 
J05S 

Nash RiiKiiiceiinK C'onipaiu, I05t>- 
10.57 

PUMPS, 1 urbino 
\uieiican Steiiiu Pump Companj, 
1051 

Dttatur Pump C'ompany, 105.1 
Ilortman Specialty C'o , hit , 1080- 
lOSl 

liiKOisoll-Rand C'ompany, .S,10-S.ll 
John II McCiOwan C ompany, The, 
105S 


johii II MtCrowan ( ompany, llu, 
105K 


Sttilini* KnuinitniiK C ompany, 
lOS 0-1001 

liatu C'omi>anv, Tlu, 1001 


PYROMLTBRS. Portable and 
Stationary 

Bristol C oiiipiny, The, 0S2 
Blown Instriinunt C'ompinv, O.Sl 
Illinois lestinj? I aboratorics, Inc , 
<),Sh 

I teds Northriip Coniiiany, 0K7 
Minnt apohs-Ilontywt 11 RcKulator 
C'o , 1111-1115 

laylor Instrument C oinpames, OS.S- 
OSO 


RADIATION, Aluminum 
\ero(in C orimiatum, 0()2-0bl 
McQuay, Incorporattd, 8,14 
llictmal Units ManutacturmK 
( ompany, 8 17 
Trine C'ompany, Tlu, 1001 
Unit Heater and C'oolei Co, The, 
ObO 

Warren Wt bstei 41 C'ompanv, 1095- 
1097 


RADIATION, Brass 
heddns Manuiactiiiinu Co, 95.8 
Cir & O ManulactuiinK Company, 
1 he, 9()5 

McQiiay, Incorpoiated, S.H 
Reveie C'oppcr and Biass, Incor- 
potated, 10,18 


RADIATION, Cast-Iron 

\.iiieiic.in Radiator Comptiny, 811, 
898-901, <171 

Burnham Boiler ('orporation, 902- 
<>(W 

C'ranc C'o , 901-905 

National Radiatoi C'orporation, 
9(M>-<)08 

Unit lleatet and ( txjler C'o , The, 
9(K) 

ITnitid States Radiator Corpora- 
tion, 912-<ll.l 

Utita Radiator Corpoiation, 874- 
875 

Weil-Mcl^in C'ompany', 909 


RADIATION, Copper 
Aerolm Corporation, 002-901 
\inencan Radutor Company, S4.3, 
898-901, 971 

Buckeye Blower Company, 972-972 
C' \ Dunham Company, 107t)- 
1077 

hairbanka Morse & Co , 828-829 
Fodders Manutacturing Ct> , 9.58 
Cr & O Manutacturing Company', 
The, 90.5 

McQuay, Incorporated, 834 
Modine ManutaUunng Co , 9.59 


I'eddt IS Manufacturing Co , 958 
Ct & C) Manulactunng Company, 
The, 9()5 

Creneral Klectric C'ompany, 800- 
801, 102()-1027 

Cnnnell Company, In< , 90(>-9()8, 
1078 

McQuav, Incorporated, 811 
Mod me Manidacturing C o , 959 
National Radiator ( orpotation, 
‘K)t)-9()8 

K F Sturtev.int ('o , 950 
Trant Company, The, 1091 
Utica Radiator C'orporation, 874- 
.875 

Weil-McLain Company, 909 
Young Radiator C'ompany, 901 

RADIATOR AIR VALVES {See 
\alvts, lo) 

RADIATOR ENCLOSURES 
AND SHIELDS 

American Radiator C'ompany, 813, 
898-901, 974 

Auer Register Co , The, 1000 
Crane Co , 901-905 
McOuay, Incorporated, 8,i4 
Modint Manulactunng C o , 959 
Revere Copper and Brass Intor- 
porated, 1038 

RADIATOR HANC;ERS {Ste 
Ilan^krs, Radiator) 

RADIATORS, Cabinet 
Air Devices C orpoiation, 818-819 
\meric*in Radiator Company, 843, 
89S.901, 974 

Buinham Boiler Corporation, 902- 
903 

Cliase Biass & C'oppcr Co , Incor- 
porated, 1030-10 il 
C A Dunham Company, 1071>- 

1077 

Fairbanks Morse & Co , 828-829 
Gnnnell Company, Inc , 9()()-%8, 

1078 

McQuay, Incoipoiatcd, 831 
National Radiator Corporation, 
900-908 

Thermal Units Manulactunng 
Company, 8 17 
Trane Company, The, 1094 
Unit Heater and Cooler Co , The, 
900 

United States ILidiator Corpora- 
tion, 912-913 

Warren Webster & Company, 1095- 
1097 

Weil-McLain C'ompany, 909 
Young Radiator Company, 001 

RADIATORS, Coacealed 
Air Devices Corporation, 818-819 
Amencan Radiator Company. 813, 
898-901, 974 

Burnham Boiler C'orporation, 902- 


M lero- Westco, Inc, 931 
Nash Engineeiing ('ompany, 105()- 
10,57 

PUMPS, Vacuum 
Amencan Steam Pump C'ompany, 
1051 


lolin J Nesbitt, Inc , 972-973 
Revere Copper and Brass, Incor- 
porated, 1038 
B F bturtevant Co , 950 
Trane Company, The, 1094 
Tuttle Sc Bailey, Inc , 10()4-10h5 
Warren Webster & Co . 1095-1097 


903 

Chase Brass & Copper Co , Incor- 
porated, 1030-1031 
Crane Co , 904-90,5 
C A Dunham Company, 1076- 
1077 

Gnnnell Company, Inc , 960-968, 


Chicago Pump Company', 1054- 
1055 

Cuitis Reingerating Machine C'om- 
pany, Division ot Curtis Manu- 
lactunng Company, 820 

C A Dunham Company, 1076- 
1077 

Hoffman Specialty Co , Inc , 1080- 
1081 

Ingersoll-Rand C'ompany, 839-831 


Young Radiator Company, 961 

RADIATION, Plain and Ex- 
tended Surface 
Aerofin Corporation, 992-964 
American Radiator Company, 843, 
898-901, 974 

Buffalo Forge Company, 947 
Crane Co , 901-905 
Fairbanks Morse & Co , 828-829 


1078 

McQuay, Incorporated, 834 
Modine Manufactunng Co , 9.59 
National Radiator Corporation, 
906-908 

Revere Copper and Brass Incor- 
porated, 1038 

Thermal Umts Manufacturing 
Company, 837 
Trane Company, The, 1094 
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Unit Heater and Cooler Co , The, 
^bO 

United States Rtidiatur Coinora- 
tion, 912-01 i 

Warren Webster & Company, 
1005-1097 

Weil-McLain Company, 000 
Young Radiator CompanN, 0(>1 

RECEIVERS. Air 

Baker Ice Machine C o , Inc , S22 
Bmks Manufacturing Co, O.is-9IO 
Brovvncll Company, The, 1101 
Crane Co , SOl-OO.') 

Curtis Relrigerating Maclime Com- 
pany, Division Curtib Manu- 
tactiinng Companj . 821 1 
Farrar & Tretts, Incorporated, 017 
Illinois Engineering Company, 
1082-1083 

Ingersoll-Rand Company, 8J0-SI1 
Kewance Boiler Corporation, 020- 
921 

Parkb-Cramer Company, SI5 
Trane Company, The, 10‘)4 
Warren Webster &. C ompanv , 100 V 
1097 

RECEIVERS, Ammonia 
Carbondale Div , Worthington 
Pump & Machinen Co , 823 
Fnck Company (Incorporated), 827 
York Ice Machinery Corporation, 
S41 

RECEIVERS, Condensation 

American Steam Pump Company, 
1051 

Baker Icc Machine Co , Inc , S22 
Chicago Pump Company , 107)4- 
10i>5 

Crane Co , 004-907) 

Illinois Engineering Company, 
1082-1083 

Micro-Weatco, Inc , 031 
Nash Engineering Company’, The, 
1056-1057 

Sarco Company, Inc, 1002-10<)1 
Trane Company, The, 1094 
Warren Webster &. Company 100 V 
1097 

RECEIVERS, Water Vapor 


REFRIGERATING EQUIP- 
MENT, Steam Jet 
\mcrican Blower Curporation, 820- 
S21 

Canadian Sirocco ( o , Ltd . S20-S21 
Carbondale Du , Worthington 
Pump ic Machinery Co , 82 $ 

( arricr Corporation 824 
Ingersoll-Rand Company, 830-831 
Westinghouse Electric 8. Manu- 
facturing Co , 8 to 
\\illiams Oil-0-Matic Heating ( oi- 
poration, 87(i-877 


REFRIGERATING 

MACHINERY 

\ir DcMCCb Corporation, 818-819 
Virtemp Incorporated, 844-845 
Baker Ice Machine Co , Inc , 822 
Carbondale Du , Worthington 
Pump fk Machinery Co , S23 
C arner Corporation, 821 
C urtis Refrigerating Machine Com- 
pany, Division of Curtis Manu- 
facturing C ompany, 82() 
Delco-Frig'daire Conditioning Di- 
\ laion. General Motors Sides 
Corporation, 852-854 
hairbanks Morse & Co . S2H-S29 
Prick Company (Incorporated), 827 
General Electric Company, S(i0- 
8()1. 1026-1027 

IngersoU-Rand Coraptiny, 830-.S.U 
Kclvinator Division of Nasli- 
Kclvinator Corp , 867-8()9, 9.10 
Norge Division, Borg-Warner C or- 
poration, 873, 912 
Servel, Inc , 836 
Thermal Units Manufacturing 
Company 837 

Umverscil Cooler Corporation, 838 
\ liter Manufacturing Company , 
Tlie. 839 

Westingliousc Elc^ctnc 8. M.inii- 
tacturing Co , 840 
Williams Oil-0-Matic Heating Cor- 
^ poration, 87()-877 
York Icc Machinery Corpoiatiou, 
8tl 

REFRIGERATION EQUIP- 
MENT, Water Vapor 
Ingersoll-Rand Company, 8^0-831 


Hart 8. Cooley Manufacturing Co 
1()(»2-10(»3 ’ 

Htnrv Furnace 8. Foundry Co 
S02-S03 

Hoffman Spmalty ( o , Inc , KKSO- 

Illinois Fiiginecrnig C omp.iiu . 
1082-1083 

lohnsan-ScrvicL C i)ini).inv, 1110- 

kicUv 8- MiiclKi, liu , 1081 
I eeds 8. Northrup Company, 987 
Minmapohs-Hom y will Rigulator 
C o , lllt-1115 

National Rigulatoi (o, llll)-lll7 
Powers Regulator ( o , The, 1118- 
111<» 


Sirco ( ompany, Inc 1092-109 { 


Spincc Engmeeiing C o , 112, 
Sylphon Coiitiol Systems. 
112 J 


nc , 


Taylo! Iiistruim iit C omiianies, 988- 
989 


H \ Thrush & C o , 980-‘)Sl 
Trane C ompany , T ho, 109 1 
Tuttli Bailtv, Iiu , KMil-KM)") 
W'arrin WibsUi 8. C ompany, KHIV 
1097 


REGULATORS, Feed Water 
Heaton 8. C adw ell Mig Coiiipain, 
1072-1073 ^ 

Poster Paigineenng Co, 112S 
Kicliv fC Mueller, Inc , lOSt 
McDonnell 8 Miller, 891-89”) 
Mutter Stiani Sp(‘cialty C o , liic , 

Powers Rigulatoi C'o , The, 1118- 

Sptnci P'ngineering C'o , 1122 
H V ThrubluV C o , 980-‘)81 
Wcstinghoube ICUctnc k Manu- 
tacturing C o , 8 10 
Wright- \ustin C o , 1098 


REGULATORS, Furnace 
\ir C ontrols, Im ,812 
Harl)t‘i-Colman Company, 1101- 
1105 

C (K>k PJictiic ( onuiany, 1106 
Detroit 1 ubiiialoi Company, 1107 
Pox Purnaii C o , Ihe, 818-8.51 
Hart iC C ooley Manutacluring C o , 
10I)2-10(»3 


Araencan Blower Corporation, 820- 
821 

Canadian Sirocco Co , Ltd , 820-821 
Illinois Engineenng Company, 
1082-1083 

Trane Company. The, 10<)t 
Warren Webster & Company. 10<)5- 
1097 

RECORDERS, Humidity, Tem- 
perature 

Bristol Company, The, 982 
Brown Instrument Company’, 983 
Consolidated Ashcroft Plancock 
Co , Inc . 984 

Juhen P Fnez & Sons, Inc , 1108 
H-B Instrument Co , 985 
Johnson Service Company, 1110- 

Minneapolis- Honey well Regulator 
Co , 1114-1115 

National Regulator Co , llll)-1117 
Powers Regulator Co, The, 1118- 
1119 

Taylor Instrument Companies. 988- 
989 

REFRIGERATING EQUIP- 
MENT, Centnfuf^l 
Carrier Corporation, 824 
Ingersoll-Rand Company, 8 JO-831 


REGISTERS (Sti Gii/hs, Rtg/s/n s, 

lie ) 

REGULA'I ORS, Air Volume 

Young Regiilatoi C'ompany, 1 ho, 


REGULATORS, Damper 

\mencdn ILidiator Company , 8 U- 
898-901, 971 

Bai bcr-Colman Company, 1101- 
1105 

Barnes & limes, Incoiporatid, 1071 
P2 K Campbell Heating C'o , 9l)‘) 
Carrier Corporation, 821 
ConsoliiLited XbherotL Ilanintk 
Co , Inc , 981 

Cook Electric Company, llOl) 

Davis Regulator C'o , 107,5 
Detroit Lubricator ('ompany, 1107 
C ‘\ Dunham Company, 1071)- 
1077 

I'oster Engineering Co , 1128 
Julicn P P'ntz & Sons, Inc , 1108 
P'ulton Sylphon Co , 1109 
General Controls, 1112 
General Electric Company , S()0- 
S()l, 1021). 1027 

WiiUiams S Haines & C'ompany, 


llinrv Fuinaio K Fouiidiy Co, 
8()2-S(>,t 

National Regulator C'o, 1116-1117 
wSpenii Engimenng C'o, 1122 

RKCJULATORS, Humidity (So* 
flumititly C onlidl) 

RECHILATORS, Probsurc 
Vniincan Radiatoi C'ompany, 8 H, 
898-901 974 

Heaton &. Cadwell Mtg ( ompany, 
1072-1073 

Hinks M inufac tilling ( o , <M8-9{9 
Bristol C'ouii).iny, The, <)82 
(onbolidatid Xsliirolt Hanioik 
C o, Inc 981 
C nine ( ompany, 90 1-905 
Davis Regulatoi C'o , 1075 
Detroit Lubricatoi C'ompany, 1107 
C \ Dunham C ompany, 107()- 
^ 1077 

Bidders Maiiutaitiiriiig C'o , 958 
Foster Engineering Co , 1128 
Fulton Sylplion C'o , 1109 
(feniral Controls, 1112 
(lemral Eleitrii C'ompany, 8li0- 
8()l, 102()-1()27 

Hcniy hurnace & houndiy C'o, 
81)2-86 J 

Illinois Fngitieenng ( ompiiny, 
1082-1083 
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Tonkins Hi os , 1 
Kiclovik Mm 111 I, Im . lOSI 
Minnc.iixilis Iloni\\v<ll niil.iloi 
t'o, 

Mmlloi StiMin Spui ilt> < o Iiu 
loss 

Pdlll I'ld tiK S\Mt< h I o , 1 T’ll 
P()W« IS Ri I'll! Hot ( (» , I In*, 1 1 IS 
llVl 

vSpoiuo 1' noMU oilin' ( o , 1 1 
la^lol Instnmunl ( omp mu s, <l,ss. 
OS' I 

II A Iliiiisli \ ( o , MSIMISI 
W.iiicMi WihstiM \ (o. lO'IVlOMT 

RMillLA'I ORS. lompciutuu* 

lS<<’ It nilumliii I ( null oh 

RELIKK VM.VI'S (S,, 

Jilin n 

SAKKTY VAIA'IvS I Sm \al,.s, 
Sif/i/vl 

SEPARATORS, Dust 

\imiu.in \ti I'lltot ( i)iupiii\, IiK , 
ssi-s.s-» 

\iiuiK.iii Hlowi I t 011)01 itioii, S‘2()- 
,S2l 

Hinks M.miil ultiiiiu' ('o, <),»<! 

Miill.ilo I'oim ( oinium\, '.)t7 
('aiMdi.m Siio( ( o ( o , I (cl , K^l) 
('oppus l< iiiMiu (‘iitu> ( oipotalioii, 
.SS() 

Koso.iicli ( oipoi.ition, SSO 
Staymsv loMti ( oipoi.Uion, S‘)()- 
.VH 

H !' StiutcN aiil ( o , d’)() 

Unil lie till I ami C ooloi ( o . I lio, 
‘l(»0 

Uuivoisal \ii ImIIc i ( oip , 

SKPARA'I'ORS, OH 
Cmiio ( o . 'KM ‘1(1*) 

I'iuk( oiiipain ( Im oipoiato(l). .Sl!7 
(lliiuiis Imikiiuc mil' ( ompanv 
lOSJ-lOSd 

kiolov k Miiolli I, liu , lOHl 
Waiioti \V(‘l»stcM M ( ompanv, lO'Io- 
1()«I7 

Wniilit Aiihliii ( o , lO'kS 

SEPARATORS, Steam 
('lano ( o . 'KM-'K).") 

Illinois P'lU'inm iiip' ( oinpain, 
l()S2-lOS't 

kii'lcv MiioMoi, liu , lOSI 
Wanen \V(‘l)slc*i \ ('omi)un, lOTi- 
101)7 

WiinliL- \nstin t'o , 10‘)S 

SHEETS, Aluminum Koil 
\llol Insulation ( o , <I<IL'-'I') 1 
kcynoldh ( oipoi ition, 1010-1011 

SHEETS, Asbestos, Elat and 
Ooi runted 

bajilc'-Pulic'i I cad ('ompanv, Pile, 
KMU 

Klirct MaKiicsia Mamitac (iimiik 
('<), 1(M)0-1001 
|(>lins>Manvillc. 100(i-1007 
RnlKioul ('() , I he, 1012-1011 

SHEETS, Black, <;alvani/-ed 
AineiKan KoIIiiik Mdl ('o , The, 
10()7 

('atnc'KK'-niinois Slec I ('otpoiaLion, 
lOtiS 

lones & I aunhlin Steel C oi pc na- 
tion, KHt) 

Mile or Steel ('o , 10()0 
Republic Steel ('oi potation, 10117 

SHEETS, Hopper 
Vmerican Brass C'oniptin>, The, 
1()2S-102U 


( base Hiass \ ( oppci ( n , Incor- 
poi ited, 1010- KMl 
Kevin (oiipci iiid Hriss Iiuoi- 
poiatid, tots 

SI H K rs, ( loppet Alloy 
\in<iU4in Hi iss (ninpuiv, llu, 
IILS.ltI2') 

< base Hi.iss R ( oppii ( o, Intor- 
poiated, lOlO-KHl 
Kiviii ( oppit .md Ht.iss Incoi- 
poiati d, 10 iS 

SHEKI'S, Hopper Beariiiti Steel 
Vine IK, in RoIIiiik Mill ('o , liu . 
10()7 

Kc public S(( ( I ( oipoi.ilion, 1017 

SI I EE IS, Hopper Molybdenum 
Iron 

Republic Slerlt OI potation, 10,17 
SHEETS, Lead Hoated Hopper 
\meman Hi.iss ('ompanv', llie, 
102S-102') 

( b.tse Hiass R ('oppei Co, Imor- 
potaled. l(H()-10tl 
Re veil < oiipe I and Hiass IiKtn- 
poMesl, lO.iS 

SHEE'IS, Special Emtsh 
\meii(an RoIIiiik Mill (o, I he, 
10(i7 

Republic Steel ( oiiiomlioii, 10.{7 


Rubeioid Co , The, 1012-1013 
Standard I ime & Stone Company, 
101 ,') 

United States G>psiim Company, 
1()1()-1()17 

Zonolite t ompanv, The, lOlS-1019 

SPRAY EOIIIPMENT 

Hiiiks M inulacturinjf C'o , <HS-0'i9 

SPRAY NOZZLES 
\mirican Blower Corporation, S20- 
SJl 

Hakei ko Machine C'o , Inc , S22 
Havley Blowei Company, ')!() 

Hinks Maiuilactunnct C o , 9,18-939 
HiiH.ilo borm C ompany, ‘J47 
( an idian Sirocco Co , Ltd , 820-821 
C latafic ban C ompany, 82.'j 
Ditioit Lubiicator Company, 1107 
MarUy Co , The. 937 
Mm Her Bia&s C'o , l()H-l()3r) 
NiaK.ira Blower C' ompany, 8i2-833 
Stieamline Pipe and b'lttinua Co, 
l()31-ll)r) 

H F Stnrtevant C o , 9.’)0 
1 rane Company, T he, 10') t 
\ arncdl-Warinu Co, 1099 
York Ice Machinery Corpoiation, 
811 

STACKS, Steel 
Hmelow C'ompany, The, 91.") 

IC Keeli r C'ompanv , 924 


SHEEI'S, Steel 

\nuiuan RoIIiiik Mill Co, The, 
l()(i7 

Jones R I .iiiKlihn .Steel Ce>ii)i>ti- 
tion, l(M() 

Milcoi Slee‘l t'o, 10()9 
Re'ptihlic Steed C e)ipoiation, 10.17 

SIHITT'ERS. Automatic 
Ximuuaii C'oolait C'oip , 912-91,! 
\utoveiU ban R Blowei C o , 919 
Hatl>ei-( e)liuau Company, 1101- 
110a 

K K C'ampbcdl IIc'dliiiR C o , 9(i<) 

( hampion Bloweu & boiKC C'o , ‘MS 
lit; 1'le‘ctiu WntiKitinK (ompanv, 
'M'l 

M b Stuitevanl ('o , 950 
\ emiiK Re*Kul,iloi ( emijianv, SSI 

SMOKE DENSITY 
KECORDINC; 

Biihtol ('<mir>anv\ The, 9,S2 
Blown IntiliiimenL C'o, 9S3 
1 <'<‘ds R Northnip C'onipanv, 987 
WestuiKlioiise b let trie R Xlimi- 
1 u tuiiiift C'o , 810 

SOOT DESTROYER 
\'mto Company, Inc , 1 he, 893 

SOUND DEADENING 
VKasote Millboard Co, The, 99() 
Midi Insulation Company, Inc, 
0‘)2-993 

AinistioiiK C orlc Products C'oin- 
paiiy, 991-995 

t'edotev Coriioiatiim, The, 908-999 
C'liicaKO Metal Hose Corp , 1032 
t'ork Insulation Co , Inc , 997 
IvaKlc'-Piclier Lead Company , The, 
1002 

Kliret Mawnewa Manulactunn? 
Co , KMX)- 1001 

Insulite Company, The, 1004-l(K)a 
Iiitc‘rnational bibre Board Limited, 
1003 

Johnb-Manville, 10(X)-1007 
Mundet Cork Corp , 1008 
Pacilic Lumber Co , The, 1009 
Reynolds Corporation, 1010-1011 


STATIONARY PYROMETERS 

(Sc I l*yiomiUn>) 

STEAM HEATING SYSTEMS 
(S<f JJialtHii SysUms, SUam) 


STOKERS, Mechanical 
Anchoi Stove & Rani;c to, Inc, 
The, 1100 

Baheotk & Wilcox C'oinptiny, The, 
911 


Brownell Company, The, 1101 
Butlei Manulactunni; C'ompany, 
913 

Combustionetr Di\ oi the Steel 
Products EnKinoerniK Co, 93b 
t ombustion Enamel rms Company, 
Inc , 91() 

Detroit Stoker Company, 1102 
Iron Fiieman ManulacLurinj; Com- 
pany, 931-93a 

Herman Nelson C'orp , The, 970-971 
Norfie-Division, BotR- Warner Cor- 
poration, 873, 9^2 
WestinRhouse Elc'clnc & Manu- 
lactunnR Co , 840 
WhitinR Corporation, llOi 


STRAINERS, Dirt 
Barnes R Jones, Incorporated, 1074 
Crane Co , 904-90.5 
Davis ReRiilator Co , 107.5 
Detroit Lubricator Company, 1107 
C A Dunham Company, 1076- 
1077 

Foster EnRineennR Co , 1128 
General Controls, 1112 
Hoffman Spc'cialty Co , Inc , 1080- 
1081 

Illinois EngineennR Company, 
1082-108? 

Kielcy & Mueller, Inc , 1084 
Mueller Steam Specialty Co , Inc , 
1088 

Sarco Company, Inc , 1092-1093 
Spence EnRineenng Co , 1122 
Sterling Engineering Company, 
1089-1091 

Warren Webster & Company, 
1095-1097 

Wright-Austin Co , 1098 
Zonolite Company, The, 1018-1019 
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STRAINERS, Oil 
Crane Co , 904-905 
Da\is Regulator Co , 1075 
Detroit Lubricator Company, 1107 
Foster Engineenng Co , 1128 
General Controls, 1112 
General Electric Company, 8b0- 
8bl, 1025-1027 

Illinois Engineering Company, 
1082-1083 

Kiele> & Mueller, Inc , 1084 
Milwaukee \'ahe Co . 1086-1087 
Mueller Steam Specialty Co , Inc , 

loss 

Sarco Company , Inc , 1092-1003 
Spence Engineenng Co . 1122 
Staynew Filter Corporation, 890- 
891 

Wnght-Austin Co , 1098 
STRAINERS, Steam 
Crane Co , 904-905 
Davis Regulator Co , 1075 
Detroit Lubricator Company, 1107 
Foster Engineenng Co , 1128 
General Controls, 1112 
Illinois Engineering Company , 
1082-1083 

Kieley & Mueller, Inc , 1084 
Milwaukee Val\e Co , 1085-1087 
Mueller Steam Specialty Co , Inc , 
1088 

Powers Regulator Co , The, 1118- 
1119 

Sarco Company, Inc , 1092-1093 
Spence Engineenng Co . 1122 
Trane Company, The, 1004 
Wnght-Austin Co , 1098 

STRAINERS, Water 
Crane Co , 9047-905 
Davis Regulator Co , 1073 
Detroit Lubneator Company, 1107 
Foster Engineenng Co , 1128 
General Controls, 1112 
Illinois Engineenng Company, 
1082-108 J 

Kieley & Mueller, Inc , 108 1 
McDonnell & Miller, 894-895 
Milwaukee Valve Co . 1085-1087 
Mueller Steam Specialty Co , Inc , 
1088 

Pow'ers Regulator Co , The, 1118- 
1119 

Sarco Company, Inc , 1092-1093 
Staynew Filter Corporation, 890- 
891 

Wnght-\ustm Co , 1098 

TANK COILS t5tr Coils, Tank) 

TANK COVERING Cot'cnng, 
Pipes and 6w faces) 

TANK HEATERS (Sre Ilealiis, 
Tank) 

TANKS, Blow-ofiF 
Bigelow Company, The, 915 
Browmell Company, The, 1101 
Farrar & Trefts Incorporated, 917 
Kewanee Boiler Corporation, 920- 
921 

TANKS, Pressure 
Bell and Gossett Company, 975-977 
Bigelow Company, The, 915 
Binks Manufacturing Co , 938-939 
Brownell Company, The, 1101 
Burnham Boiler Corporation, 902- 
903 

Farrar & Trefts Incorporated, 917 
Fnck Company (Incorporated), 827 
Kewanee Boiler Corporation, 920^ 
921 

H Thrush K Co , 980-981 

Please mentio 


TANKS, Storage 
Amencan Radiator Company, 843, 
898-901. 974 

E B Badger St Sons Co , 941 
Bigelow Company, The, 915 
Brownell Comijan>, The, 1101 
Burnham Boiler Corporation, 902- 
903 

Farrar & Tretts Incorporated, 917 
Frick Company ( Incorporated), 827 
Gilbert &. Barker Mfg Co , 855-8 >7 
Kewanet Boiler Corporation, 920- 
921 

TEMPERATURE CONTROL 
Air Devices Corporation, 818-819 
Vmencan Radiator Companj , 843- 
898-901. 974 

Barber-Colman Company, 1104- 
1105 

Barnes & Jones, Incorporated. 107 4 
Bristol Company, The, 982 
Brown Instrument Company, 983 
Builders Iron Foundry, 1023 
Carrier Corporation, 824 
Consolidated \shcrott Hancock 
Co , Inc , 984 

Cook Electric Company, 1105 
Davis Regulator Co , 1075 
Delco-Fngidairc Conditioning Di- 
vision, General Motors Sales 
Corporation, 852-854 
Detroit Lubricator Company, 1107 
Dole \'alve Company, The, 1127 
C V Dunham Company, 1076- 
1077 

Foster Engineering Co , 1128 
Fox Furnace (To, The, 848-851 
Julien P Frie/ & ^ns, Inc , llOS 
Fulton Sylphon Co , 1109 
General Controls, 1112 
General Electric Cumpany , 800- 
851, 1026-1027 
H-B Instrument Co , 985 
Illinois Engineering Company, 
1082-1083 

Illinois Testing Laboratories, Inc , 
985 

Johnson Service Company, 1110- 
1111 

Kieley & Mueller, Inc , 1084 
Leeds & Northrup Company, 987 
Mercoid Corporation, The, 1113 
Minneapolis-Honcywcll Rcgulatoi 
Co, 1114-1115 

National Regulator Co , 1116-1117 
Penn Electric Swntch Co , 1120 
Powers Regulator Co , The, 1118- 
1119 

Ranco, Inc , 1121 
Sarco Company, Inc , 1092-1093 
Spence Engineenng Co , 1122 
Sterling Engineering Comriany, 
1089-1091 

Sylphon Control Systems, Inc, 
1123 

Taylor Instrument Companies, 988- 
989 

Thermal Units Manufacturing 
Company, 837 
H A Thrush & Co . 980-981 
Trane Company, The, 1094 
Warren Webster & Company, 109.5- 
1097 

Westinghouse Electric & Manu- 
facturing Co , 840 
L J Wing Mfg Co , 954-055 
Yarnell-Wanng Co , 1099 

THERMOMETERS, Distance 
Typo 

Bristol Company, The, 982 
Brown Instrument Company, 983 
Builders Iron Foundry, 1023 
Consolidated Ashcroft Hancock 
Co . Inc , 984 
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Tulicn P Krica &. Sons, Inc , 1108 
H-B Instrument Co , 085 
Illinois Testing Laboratories, Inc , 
985 

Johnson Service Company, 1110- 
1111 

Leeds Northrup Comp.inv, 987 
Minneapolis-Honcvwell Regulator 
Co. 1114-1115 

Powers Regulator Co, The‘, lllS- 
1119 

Sarco tompain, Inc, 1092-1091 
Taylor Instrument Cemipanies, OSS- 
989 

United States Gauge C o , 991 


THERMOMETERS, Indicating 

Bell and Gossett Co , <)7(>-977 
Bristol C ompany. The, <)S2 
Brown Instrument Company, 983 
Builde‘rs Iron houndry, 1021 
C'onsolidatcd \shcroft Hancock 
Co, Inc . 9S4 

JuIien P Fric/ & Sons, Inc , llOS 
H-B Instrument Co , 98.5 
Illinois Testing I^abora tones, Im. , 
985 

Johnson Service Company, 1110- 
1111 

Ta'ods A Noitliriip C'omp.mv , 987 
Minmapolis-Honi’vwe'll Re gulator 
Co, 1114-111.5 
Palme i C'onipany, The, 990 
Powe'rs Rigiilatoi C'o , The*, 1118- 
1119 

Sareo Coiupanv, Inc, 1092-109} 
Tavlor Instiiime nt C ompaiiies, 98.S- 
98‘} 

11 V Ihrusli 8- C'o , 98()-<>,Sl 
United States (kiuge ( o , 9<H 

THERMOMETERS, Recording 
Bristol C^ompany, The, 9.S2 
Brown Instrument Company, 98 J 
Builders Iron houndry, 1023 
Consolidated Ashcrolt Hancock 
Co, Inc , <)84 

Julien P hriev iC Sons, Inc , 1108 
II-B Instriiiiicnit C'o , 98.5 
Leeds & Noithiiip Comp.iiiv, 987 
Minneapolis-lloneywell Rc gulator 
Co, 1111-111.5 

Powers Rc'giilator C'o, The, 1118- 
1119 

Tavlor Instrument ('orupaniiN, 9SS- 
989 

H \ Thrush 8: C'o . 98lP)8l 


THERMOSTATS 
\meric.in R*ifliat<>r C oiiiihiuv, SI t, 
898-901, 971 

Barber -Col man ComiKinv, 1101- 
110.5 

Bristol C'ompanv, The, 982 
Carnet C'eirpoiation, 821 
C'onsolidate'd ‘\shcrolL Hancock 
C'o , Inc . 984 

Cook Electric C omi).iny, 1105 
Detroit Lubricator C'omp.inv, 1107 
lulien P Friev 8: Sons, Inc , llOS 
Fulltm Sylphon C'o . 1109 
General Controls, 1112 
General Electric C'oiiip.iny, 850- 
851, 102l>-1027 
H-B Instrument C'o , 085 
Illinois Engineenng Company, 
1082-1083 

Johnson Service Company, 1110- 
1111 

Mercoid Corporation, The, 1113 
Minneapolis- Honeywell Regulator 
C'o , 1111-1115 

National Regulator C'o , 111()-1117 
Penn Electric Switch Co , 1130 
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Powers RejiuLitot ( o , I lie, UlS- 
111<> 

S.iic<) ('oinpanv, Iiu , 

H A Ihrusli X C <) , 

TRAI>E JOURNALS (Sm Puh- 


TRAPS, Bucket 

ArinstioiiK Mat hint* \V(»iks, 1070 - 
1071 

C raiie C'o . ‘> 0 t-<» 0 r» 

C \ Dunliaiii ( (niip.inv. 107 (h 
1077 

Illinois iMiKinmiiiK ( oiupanv, 
lOSJ-lOS t 

MiielKi Stt.ini SpitialU ('o , Im , 

loss 

SiUco ( oiiipanv, Int , 100 J- 10 < 1 ; 
Tram* ('oinpaiiv, 1 ln‘, 1001 
WiiRliL-\iistiii ( o. lOOS 

TRAPS, Float 

AriUhtroiifL' M.iiliiiu Woiks, 1070 - 
1071 

Barmsk loius, Iiu oiiioiatid, 1071 
Cian<‘ ( o , ‘) 0 l- 00 :» 

IXiMs ReKiil.iloi ( o , 107 T 
C \ Diiiiliaiii C (iiuiiaiiv. 1070 - 
1077 

Williams S I lames ('onipanv. 
107 ‘) 

Artliiit IKiins Iv ('o , 10 H 
lloUman Spi'iially C'o, liu , lOSO- 
lOSl 

Illinois Inmine(‘tMiK ('onipaiiy, 
10 H 2 - 10 S ,1 

Kielev 1 C MikIUm, Iiu , lOSI 
Milwaukee Valve C'o , I 0 S(»- 10 S 7 
Mueller StiMin »SpeciaUv Co, Iiu , 

loss 

Kiuo ('onipanv, Iiu , 1002 - 1 () 0 .> 
StciliiiK iMiKiiuetitiK C ompaiiv, 
10 S 0 - 10 <H 

Trane ( ompiinv. The, 1001 
Watien Wilrster iC < oiuiwnv. KHIV 
1007 

WriKlit- \ustin C'o , lOOS 


TRAPS, Float and T hormostatic 
ArinstioiiHI MiU lime Works, 1070- 
1071 

BariustC |oius, Iru oipoiated, 1071 
Oavis ReKUIator ('o , 1070 
C A Dnnli.im ('onipanv, 107(»- 

1077 

Gunnell C'ompany, Iiu , i)(»t)-0(i8 

1078 

Williiun ,S Il.imes & C'ompany, 

1070 

Artiiiii II.iriisR' C'o , 10!M 
IToltinan Sperialty ('o, liu , lOSO- 
lOSI 

Illinois FnKinteriii}; Coiniuny, 

ios;i-ios:i 

Milwaukee Valve C'o , 10S(>-1()S7 
Muell(‘r SLcaru Specialty Co , Inc , 

loss 

Sarco ComiMiiv, Iiu , 10‘)2-300J 
Sterling KriKineeiinK C^onipany, 
lOSO-1001 

Trane C'onipany, The, 1001 
Warren Wobbler & C'omiuiny, lOOf)- 
10‘)7 

Wrifilit- Vustin C'o , 1008 

TRAPS, Radiator 

Armstrong Machine Works, 1070- 

1071 

Barnes & Tones, Incorporated, 1071 
C A Dunham Company, 107(>- 
1077 

William S Haines & Company, 
1070 


Ilolfman Spetialty C’o , Inc , 1080- 
1081 

Illinois hnKiiuu.MinK C'ornpanv', 
10S2-t0H{ 

Milwaukee ViUve ( o , 108()-1()H7 
Siico C'ompany, Inc, 1002-1(K1.1 
StdliiiR Engineer ing Comp*inv, 
1I)S‘)-10<)1 

Trane C'ompany. The, KHH 
Warrt n Webster &. C onip«inv', 100.‘>- 
1007 

TRAPS, Return 

liar lies 8^ Jones, Incoiporated, 1071 

C lane C'o , <K)I-‘K)'> 

C \ Diinliam Company, 107t>- 
1077 

William S Haines & Company, 

1070 

llollman Specialty Co , Ini , 1080- 
lOSl 

Illinois Kngiiuonng C'ompany, 
10S2-10S.J 

Kieliy ik Mueller. Inc . 1081 
Milwaukee Valve C'o, lOSti-lOS? 
Mueller Stc.itu Spis-ialty Co, Inc , 

loss 

S,.irto C'ornpanv, I»c, 1002-10<).i 
Stirling ICngineinng C'omirany, 
10S‘)-10‘I1 

Trane C'ompany, Tin, 1001 
Warren Webster 1C C'ornpanv, lOO.')- 
1007 

TRAPS, Steam 

\nu i it.in Uisti lit Steam C'ompany, 
010 

iVrmstrong Mathine Works, 1070- 

1071 

Harms 8t Jones, Incorporated, 1074 
('ram C'o , OOl-OO.T 
Davis Rigulator C'o , 107') 

(ftinnell C'onipany, Inc, OWhOUS, 
107S 

William S Haincb & Company, 
107<1 

Ilolfman Specialty C o , Inc , lOSO- 
1081 

Illinois Engineering Comp.iny, 
1082-108.1 

Kieley & Mueller, Inc , 1081 
Milwaukee Valve C'o , 108()-10S7 
Mu(‘llei Ste.im Sp(*tialty Ct) , Inc , 

loss 

Powers Regulator Co, The, 11 IS- 
1119 

Siiico C'ornpanv, fne , 1002-W) > 
Sterling Engineering Company, 
1089-1001 

Trane Comp.iny, The, 1094 
Warren Webster & Company , lOO.T- 
1007 

Wright-Austin Co , 1008 
'VTarnall- Waring C'o , 1009 

TRAPS, Thermostatic 
Harncs & Jones, Incorporated, 1074 
(’ A Dunham Company, 107(j- 

1077 

(Tnnnell Company, Inc , 00(>-908, 

1078 

William S Haines &. Company, 

1070 

Hoffman Specialty Co , Inc , 1080- 
1081 

Illinois Engineering Company, 
10S2-10Sd 

Milwaukee Valve Co , 1086-1087 
Powers Regulator Co , The, 1118- 
1110 

Sarco Company, Inc , 1002-1003 
Sterling Engineering Company, 
1089-1091 

Trane Company, The, 1094 
Warren Webster & Company, lOQ.V 
1097 


TRAPS, Vacuum 
Armstrong Machine Works, 1070- 
1071 

Barnes & Joncb, Incorporated, 1071 
Davih Regulator Co , 1075 
C A Dunham Company, 107f>- 
1077 

William S Haines & Company, 
107<) 

Hoffman Specialty Co , Inc , 1080- 
1081 

Illinois Engineering Company, 
10S2-108J 

Kicley & Mueller, Inc , lOSl 
Milwaukee Valve C'o , l()8t)-10S7 
Mueller Steam Specialty Co , Inc , 
1().S8 

Sterling Engineering Company, 

Im . 1089-1091 
Tr.ine Company, The, 10<H 
Warren Webstei & Company, 109.>- 
1097 

Wiight-Austm Co . 1(W8 
TUBES, Boiler 

Babcock & Wilcov. Company, T he, 
914 

Bigelow Company, The, hi.*) 

Jones & Lauglihn Steel Corpora- 
tion, 10.J() 

Republic Steel Corporation, 1037 

TUBES, Pitot (6<i! hr Mtaiunng 
andReconiittg IrntninunL) 

TUBING, Aluminum 
Wolverine Tube Company, 10 i9 

TUBING, Brass 

American Brass Company, The, 
1028-1029 

Chase Brass & Copper C o , Incor- 
porated, 1030- 10.U 
Mueller Brass Co , 1034-103’) 
Revere Copper and Brass, Incor- 
porated, 1038 

Streamline Pipe and Fittings Co 
10.«-1035 

Wolverine Tube Company, 1039 

TUBING, Copper 
American Brass Company, The, 
1028-1020 

American R.idiator Company, 843, 
898-901, 974 

Chase Brass ft Copper Co , Incor- 
porated, 1030-1031 
Mueller Brass Co , 103 1-103.') 

Revere Copper and Brass, Incor- 
porated, lOTS 

Streamline Pipe and Fittings C o , 
10i4-1035 

Wolverine Tube Company, 1039 

TUBING, Flexible Metallic 
Chicago Metal Hose Corp , 10.i2 

TUBING, Steel 

Babcock S. Wilcox Co , The, 914 
Jones & Laughhn Steel Corpora- 
tion, 1030 

Republic Steel Corporation, 1037 

TURBINE BLOWERS {See 
Blcmers, Turbine) 

TURBINES 

Coppus Engineering Corporation, 
88(1 

B F Sturtevant Co , 950 
Westmghouse Electric & Manu- 
factunng Co , 840 
L J Wing Mfg Co , 954-965 
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UNDERGROUND PIPE CON- 
DUITS (Sft Conduifi, Vndtr- 
ground Pipt) 

UNIT HEATERS (Ste Heaters, 
I ntt) 

UNIT VENTILATORS (ie-H tn/i- 

lalors, L nit) 

UNITS, Air Conditioning ( St« 
.1;; Conditioning L nit^) 

V-BELT DRIVES 
American Coolair Corp , 942-Q43 
Binks Manutactunng Co , 938-9 i9 
Carbondale Di\ , Worthington 
Pump & Machinery Co , 82:J 
Frick Company ( Incorporated), S27 

VACUUM HEATING SYSTEMS 
(6te Htating Systems, Vacuum) 

VALVES, Air 

American Radiator Company, 843, 
848-401, 474 

knderson Products, Inc , 1124-1125 
Beaton 8. Cadwell Mtg Companv, 
The, 1 >72-1473 

Bell & Gossett Company, 47(>-477 
Binks Manutactunng Co , 9.38-0 34 
Bristol Company, The, 982 
Burnham Boiler Corporation, 402- 
403 

Carbondale Di\ , Worthinq;ton 
Pump Machinery Co 823 
Consolidated Ashcrott Hancock 
Co , Inc , 484 
Crane Co , 904-405 
Curtis Refngeratmg Machine Com- 
pany, DiMsion ot Curtis Manu- 
tacturing Company, 826 
Da\ IS Regulator Co , 1075 
Detroit Lubricator Company , 1107 
Dole Valve Company, The, 1127 
C A Dunham Company, 107b- 

1077 

Foster Engineenng Co , 1128 
Hoffman Specialty Co , Inc , 1080- 
1081 

Jenkins Bros , 1129 
Milwaukee \^alve Co , 108l)-1087 
National Regulator Co , 1116-1117 
New York Air Valve Corporation, 
1130 

Spence Engineering Co , 1122 
Sterling Engineenng Company, 
1084-1041 

Trane Company, The, 1044 
Wnght- Austin Co , 1098 

VALVES, Angle, Globe and 
Gross 

American Brass Co , The, 1028- 
1029 

Amencan Radiator Company, 843, 
898-901, 974 

Baker Ice Machine Co , Inc , 822 
Burnham Boiler Corporation, 402- 
903 

Carbondale Div , Worthington 
Pump & Alachmery Co , 823 
Consolidated Ashcrott Hancock 
Co , Inc , 984 
Crane Co , 904-005 
Detroit Lubneator Company, 1107 
Fnck Company (Incorporated), 827 
Gnnnell Company, Inc , 966-968, 

1078 

Illinois Engineering Company, 
1082-1083 
Jenkins Bros , 1129 
Milwaukee Valve Co , 1086-1087 
Mueller Brass Co , 1034-1035 

Please mentio 


Streamline Pipe & Fittings Co , 
1034-1035 

York Ice Machinery Corporation, 
841 

VALVES, Automatic 
Alco Valve Co , Inc , 1126 
American Radiator Company, 843, 
848-901, 474 

Anderson Products, Inc , 1124-1125 
Baker let Machine Co , Inc , 822 
Barber-Colman Company, llOt- 
1105 

Boitim & Cadwell Mtg Company. 
The, 1072-1073 

Bell Gossett Company, 976-977 
Bristol Company , The, 982 
Consolidated Ashcrott Hancock 
Co . Inc . 484 
Crane Co . 404-90.5 
Davib Regulator Co , 1075 
Detroit Lubricator Company, 1107 
Foster Engineering Co , 1128 
Fnck Company (Incorporated), 82 7 
Julien P Fne/ & Sons, Inc , 1108 
Fulton Sylphon Co . 1104 
General Controls. 1112 
Kieley &. Mueller, Inc , 1081 
Minneapolis-Honey well Regulator 
Co . 1114-1113 

New Aork Air Valve Corporation, 
1130 

Sarco Company, Inc, 1042-104 3 
Spence Engineering Co , 1122 
Sterling Engineenng C ompany, 
1084-1091 

Sylphon Control Systems, Inc , 
1123 

H V Thrush & Co , 980-981 
Trane Company, The, 1094 

VALVES, Back Pressure 
Baker Ice Machine Co , Inc , 822 
Ciane Co . 404-405 
Davis Regulator Co , 1073 
Fedders Manutactunng Co , 458 
Foster Engineering Co , 1128 
Illinois Engineering Cu , 1082-108 3 
Jenkins Bros , 1124 
Kieley & Mutller, Inc , 1081 
Mueller Steam Specialty Co, Inc , 
1088 

Spence Engineering Co , 1 122 
Taylor Instrument C'ompanics, 98S- 
484 

Warren Webster & Co , 1095-1047 
York Ice Machinery Corporation, 
841 

VALVES, Balanced 

Consolidated Ashcrott Hanuick 
Co , Inc , 984 
Crane Co , 404-905 
Davis Regulator Co , 1075 
Foster Engineering Co , 1128 
Illinois Engineering Company, 
1082-108,3 
Jenkins Bros , 1129 
Kieley & Mueller, Inc , 1081 
Mueller Steam Specialty Co , Inc , 
1088 

VALVES, Blow-off 
Consolidated Ashcroft Hancock 
Co, Inc, 981 
Crane Co , 904-403 
Jenkins Bros , 1129 
Yarnall-Wanng Co , 1099 

VALVES, By-pass 
Consolidated Ashcroft Hancock 
Co , Inc , 984 
Crane Co , 904-905 
Jenkins Bros , 1129 
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VALVES, Check 

Consolidated Ashcrott Hancock 
Co . Inc , 484 
Crane C o , 901-405 
Davis Regulator Co , 1075 
Fedders Manutactunng Co , 4.38 
Foster Engineering t'o , 1128 
Fnck Company (Incorpoiated), 827 
Gnnnell Company, Inc, 4(>()-968, 
1078 

Illinois Engineering Company, 
1082-1083 

Jenkins Bros , 1124 
Milwaukee \\ilve Co , 1086-1087 
Taco Heaters, Inc , 478-474 
\ork let Machinery' Corporation, 
Sll 

VALVES, Diaphraftm 
Mco Valve C o , Ine , 112(» 
Consolidated Vshcroft Hancock 
Co. Inc , 981 
Davis Regulator Co , 107,3 
Foster Engineering (_o , 1128 
Illinois Engineering C ompany, 
1082-108 3 

National Re giilator C o , 11H)-1117 
Powers Regulatoi Co, Tlie, 1118- 
1114 

Taylor Instrument C ompanies, 488- 
484 

H V Thrush 1C C o ,<)8()-481 


VALVES, Evpiinsion 

Alco V.ilve C'o , Inc , 1126 
C rane C'o , 4()l-‘)03 
Delco-hugulaire ('ouditioning Di- 
vision, Gcneial Motors Sales 
C'oiporation, 852-8,51 
Detroit Liibrieatot ( ompany, 1107 
Fedders Mamitaetuniig C o , 458 
Foster Engmee ling C ei , 1128 
h rick Company ( Incorpfiratcd), 827 
h niton Sylphon C'o , 1104 
York Ice Maehtuiy C oipoiation, 
811 

VALVES, Float 

Mco Valve C'o , Ine ,1121) 

Vnderson Produets, Ine , 1121-1125 
Bake ‘1 lee Machine C'o , Ine , 822 
t r.ine C o , 401-903 
Davis Regulateir C'o , 1075 
Detroit Lubne^itor C'omiianv, 1107 
Dole V.ilve C'ompanv, The, 1127 
C V Uunlcun Company, 107(>- 
1077 

Peddtis Manulactunng C'o, 958 
Foster Engineering Co , 1128 
Fnck C'eimpiiny ( Imorporated), 827 
General 1' lectrie C ompany, 860- 
8()1, 11)2(1.1027 
Arthui H.irns JC C'o , 10,3,3 
Illinois Engineering C'omp.iny, 
1082-108 3 

Kie'lcy & Mueller, Inc , 1081 
Me Donnell it Miller, 84 1-845 
Mueller Ste.mi Speeialty C'o , Inc , 
1088 

Spence Engineering C'o , 1122 
Sterling Enginet‘ring C'onipany, 
1084-10*)! 

Trane Company, The, 109 1 
Yoik Ice Machinery C'oiporation, 
841 

VALVES, Flow Control 
Bell and (Jossett C'o , <)7()-977 
Bnatol Company, The, ‘)82 
Cunsolidatc'd Ashcrott Hancock 
Co . Inc , ‘)84 
Crane Co , 904-<)05 
Davis Regulator Co , 1075 
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Iu)sUi iMiKinn'imi; ( o , 1 US 
Goiui.il t ontiols 1 U J 
(.roiuial MutiK ( oiiip.iin, M)()- 
S(.l, 1(>2(»-I0L>7 

Illinois 1 mi}.mii( ( iin^> ('oniiMin, 
lOSJ-lOM 

lohnson C oinpain, 1110- 

1111 

Kifltv iX. MinlUt. Iiu , lOSi 
Minin .ipolis-IIoin \\\( 11 Ki kiiI.iIoi 
( () , 1111-111") 

Minlloi Sti.iin Spi'ti.iIU (o I in , 

loss 

Powtis Rcmilatoi (m, lln, lllS- 
1110 

SiHMni iMi^iincnnn ( o , 11L>J 
StiMliMK iMi^MindiiiK (olnI>.ln^, 
lOSO-IOOI 

Tavloi lns(ninirnl( oinp.ini(‘s, OSS- 
OSO 

11 \ Ihiusli is ( o ,MS0.<»M 
WaiK'u Wdistci R ( o. lOO'i-lOO? 

VALVKS, (;au‘ 

Aiiu'iuan Itiass ( oinpanv, 1 lu‘, 
ions- KUO 

Anuiu.in K.ulialoi ( oinpanv, SI, t, 
SOS-OOl, <171 

('onsolnlatnd Asluiolt Haiuoik 

('<), llK . <)S1 
C'l.nn* ( o , <)()l-0(n 
DntioiL lailniiatoi ('oiup.iiiN, 1107 
Jvnkiiih Uios, 112<) 

Milwaukiv V.ilvi ( o , 10S<)-10S7 

VALVKS, Hydraulic 
ConsolKlati*!! Asliciolt IlaiuiKk 
Co , Inc , <)«l 
C'ranc ( o , <)01-<)0') 

Davis Rcnulatoi ('<>, 107r> 

KoHtcr KuKincoiinK ( o , IIUS 
Joiikins Rios , 1 12<1 
Yain.ill-VVaiiiiK C'o , 10<I<1 

VALVES, Magnetic 
AUo Valve C'o ,1m, ll2(i 
Haibct-C'olin in (oinp«in>, 1101- 
1107) 

Davis RiKulntor C'o, 1075 
Dolioit Lubricator ( oinpanv, 1107 
buck C'ompanv tlncoipoialcd), S27 
Julien P liiuv is Sons, llOS 
<r< m tal ('oiitiols, 1112 
<ii(‘iu‘m 1 Kldtric C'onipaiiv, MiO- 
K()l, 1020-1027 

Miniie.ipolis-lloneywcll K(‘Ktil<iloi 
C'o. iiiMnr> 

VALVES, Mixing, Thermostatic 
iMiltoii Sylplioii C'o , 1100 
Poweis RcKulatoi C’o, The, IILS- 
tllO 

Sarto ( oinpanv, Inc , 10‘>2-100.1 

VALVES, Non-Return 
Atneiican Riass C'onnianv, 'Ibe, 
102S-102<) 

('onsolulatcd \slitiolt Hancock 
( o , Inc , 081 
("mm* C'o . ‘)0l-<)05 
Davis Regulator C'o , 1075 
Fcddeih MannfacLuiinK C'o, <)5S 
Fosloi KiiKineennK C'o , 1128 
hnt'k C'ompany (liicorpoiat(*d), 827 
Illmoih ICnKineermK C'ompany, 
1082-1088 
Jenkins Rios , 1120 
Kicley ik Miidler, Inc , 1081 

VALVES, Pressure Reducinji 
C^Spfc Jit qulaloi s, /V< caw; t ) 

VALVES, Pump 
Crane C'o , <)01-005 
Jenkins Bros , 112<) 

Numerals following Manui 


loliii II McCiowan < oiiipatu, 1 he, 
1058 

Tiain ('oinpaiiN, Tin, 10<11 

VALVES, Radiator 

\nieiuaii R idi.itor ( onipin\, SI.L 
S<)S-<)01, <171 

Raiinsis Jones, Iinoipoialcd, 1071 
Rt 11 and (»osst tl C'oiiipans, ‘l7()-<>77 
lOnnliiim Roilti t'orpoiation, <102- 
'I0.{ 

( lain* ( o . 00l-<10"> 

Dilioit laibiuatoi Coinpanc, 1107 
( \ Dnniiain ('onii»aiiv, 107()- 

1077 

iMiltoii S^lphon C o , 1100 
(iiinmll Coiiiiiaiis, Inc, <)li(»-‘)()8, 
107S 

William ,S Haims &. C o , 107<) 
Iloliiuan Sjiecialts Co, Inc , 1080- 
1081 

Illinois Knunu'eiinn Company, 
1082-1088 
Jenkins Bros , 112*1 
Mdwaukc‘C‘ Valve Co , 1080-1087 
National Radiator C'oriMJiatum, 
<)0(>-<l08 

Nett \oik \ii \'alvc Conioiation, 
ll.lO 

Siuo C'ompain, Inc , 10<12-10<)3 
StcihiiK EnumeiiinK C'ompany, 
1()8<)- 10*11 

Svlplion C'ontrol Systems, Inc , 
1128 

Trane C onifianv. Tin . 100 J 
Warren Wt bst< i A C omininv, 10‘)5- 
KH)? 


VALVES, Radiator. Electric 
Motor Operated 

Rarb<‘r-('olman Company, 1101- 
1105 

Rruslol C'omjiany, The, 082 
Detroit I ulmcatoi Company, 1107 
1 alien P brn/ & Sons, Inc, 1108 
Inilton Sylphon C'o, li0<l 
Ca*netal C ontrols, 1112 
(Jcm‘ral KU*ctrK ('ompany, 800- 
Hlil, 102()-1027 
lenkins Bros , 1120 
\1 1 nneapoIis-Honeywell ReKiilator 
C'o . 1111-1115 

S.ii(() C'timpany, Inc , 10*12-1008 
Sylphon C'ontrol Systems, Im , 
112J 


VALVES, Radiator Orihce 

\meiican District Sti*am Company, 
010 

\merican Radiatoi C'ompan>, 8 Li, 
808-‘101, <174 

Barnes & Jonc‘s, Incorporated, 1074 
Bell and C^ossett Company, *171)- 
‘177 

Detroit Lubncatoi C'ompany, 1107 
C’ \ Dunham C'ompany, 1070- 

1077 

(irinnell Company, Inc, 900-01)8, 

1078 

William S Ilaines R Co , 107<) 
Hoffman Specialty Co , Inc , 1080- 
1081 

Illinois EnKincennK C'ompany, 
1082-1088 

Milwaukee Valve Co , 1080-1087 
New York Air Valve Corporation, 
1180 

Sarcc) C ompany, Inc , 1002-1008 
Sterlinj? EnKinecnng C'ompany, 
108‘>-1001 

Trane C'ompany, The, 1001 
Warren Webster & Company, 1005- 
1097 

Bcturers' Names refer to pages in 


VALVES, Radiator, Pneumatic 
Diaphragm 

Bt 11 and Crossett ( ompany, 076- 
077 

Bristol Com[>anv, 1 he, ‘)S2 

Johnstni Strvice Company, 1110- 
1111 

Minnc.ipc)lis-IIone\welI Regulator 
C'o, 1111-1115 

National Rigulator ('o , llKi-lll? 

Powers RefiuUtor C'o , The, 1118- 
1110 

laylor IiistriimenL C omixum s, ‘)88- 
‘) 8 <) 


VALVES, Relief 

\meiican Radiator Company, 818, 
S<)8-*)()1, 071 

Baker Icc Machine Co . Inc , 822 
Bc*aton ^ Cad well Mlg C'omptiny, 
1072-1078 

Bell and (jossett C'ompiiny, 076-077 
Consolidated Vshcroft Hancock 
C'o, Inc, ‘)8t 
C'lam C'o , <)()4-005 
Davis Regulator ( o , 1075 
Foster Engineering C o , 1128 
but k Company ( Incorpor.ited), 827 
Illinois Enginet‘rmg C ompany, 
1082-1088 

Kieley ik Miiilkr, Inc . 1081 
J E Lonergan C o , 1085 
Milwaukee Valve Co , ll)8()-1087 
Muellci Steam Specialty Co , Inc , 
1088 

New York \ir Valve Corporation, 
1180 

Trane Company, The, 10*H 
H \ Thrush & Co , 080-081 
York Ice Machinery C'orporation, 
841 


VALVES, Safety 

American Radiator Company, 8 18. 
8<)8-*)01, 074 

Baker Icc Machine C'o , Inc , 822 
He«iton & Cad well Mlg Company, 
The, 1072-1078 

C'cnsohdated Xshcroit Hancock 
C’o , Inc , 084 
C rane Co , 001-005 
Detroit Lubricitor Company, 1107 
Frick Company (Incorporated), 827 
Jenkins Bros , 112<J 
E Lonergan Co , 1085 
cw York Air Valve Corporation, 
1130 

Spence Engineering Co , 1122 
H V Thrush & Co , *)80-081 


VALVES, Solenoid 

Alco Valve Co , Inc , 1126 
Anderson Products, Inc , 1121-1125 
Barber-Colman Company, 1101- 
1105 

Davis Regulator Co , 1075 
Detroit Lubricator Company, 1107 
Foster Engineering Co , 1128 
Fnck Company (Incorporated), 827 
Julicn P Fne/ & Sons, Inc , 1108 
General Controls, 1112 
General Electric Company, 860- 
8()1, 1026-1027 

Mmneapolis-Honeywell Regulator 
Co , 1114-1115 

Spence Engineering Co , 1122 
Sylphon Conti ol Systems, Inc , 
1128 

Trane Company, The, 10‘)4 

VALVES, Stop and Check (Set 
1 dives t Non-J^tlurn) 

the Catalog Data Section 
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VALVES, Thermostatic 
Alco Valve Co , Inc , 1126 
American Radiator Company, 813, 
89&-901, 974 

Barber-Colman Companj, 1104- 
1105 

Beaton &. Cadwell Mtg Co , The, 
1072-1073 

Consolidated Ashcrott Hancock 
Co , Inc , 084 

Detroit Lubricator Companj, 1107 
C A Dunham Company, 1070- 

1077 

Fedders Manutactunng Co , 958 
Foster Engineenni; Co , 1128 
Fulton Sylphon Co , 1109 
General Eleclnc Company , 860- 
861, 1026-1027 

Gnnnell Company , Inc , 9GO-0G8, 

1078 

Illinois Engmeenng Company, 
1082-1083 

Johnson Service Company, 1110- 
1111 

Mmneapolis-Honeyvvell Regulator 
Co . 1114-1115 

New York Air Valve Corporation, 
1130 

Penn Electric Switch Co , 1120 
Powers Regulator Co , The, 1118- 
1119 

Sarco Company, Inc , 1092-1093 
Spence Enmneering Co , 1122 
Sterling Engineering Company, 
1089-1091 

Sy’lphon Control Systems, Inc , 
1123 

Taylor Instrument Companies, 988- 
989 

Trane Company, The, 1094 
Warren Web^r it Company^, 
1095-1097 

Yamall-Wanng Co , 1099 


VALVES, Water Re&ulating 

Beaton & Cad v, ell Mtg Company, 
The, 1072-1073 

Bell and Gossett Company, 976-977 
Binks Manufactunng Co , 938-939 
Consolidated Ashcroit Hancock 
Co , Inc , 984 
Crane Co , 904-905 
Davis Regulator Co , 1075 
Detroit Lubricator Company, 1107 
Foster Engineering Co , 1128 
Johnson Service Company, 1110- 
1111 

Kieley & Mueller, Inc , 1084 
Mueller Steam Specialty Co , 1088 
Powers Regulator Co , The, 1118- 
1119 

H A Thrush & Co , 980-981 
York Ice Machinery Corporation, 
841 


VAPOR HEATING SYSTEMS 
{See Heating Systems, Vapor) 

VENTILATORS, Floor and Wall 

American Blower Corpomtion, 820- 
821 

Amencan Coolair Corp , 942-943 
Anemostat Corporation of America. 
1059 

Auer Register Co , The, 1060 
Barber-Colman Company, 1104- 
1105 

Canadian Sirocco Co , Ltd , 820-821 
Camer Corporation, 824 
Ci^pus Engineering Corporation, 

Hart & Cooley Manufactunng Co , 
1062-1063 

Please mentlo 


Independent Register Co , The, 
1061 

L J Mueller Furnace Co , 870-871 
B F Sturtevant & Co , 950 
Tuttle & Bailey, Inc , 104)4-1065 
Waterloo Register Company, The, 
1066 

Young Regulator Company, SSI 


VENTILATORS, Mushroom 

Amencan Blower Corporation, 820- 
821 

Canadian Sinxico Co . Ltd , 820-821 
Clarage Kan Company, 825 
L J Mueller Furnace Co ,870-871 
Tuttle tc Bailey, Inc , 1064-1065 

VENTILATORS, Roof 

Air Controls, Inc , 842 
Airtherm Manufacturing Co , 95() 
American Coolair Corp , 942-043 
Autovent Fan & Blower Co , 945 
Burt Mfg Co , The, 1131 
General Electnc Company, 81)0- 
861, 1026-1027 

Ilg Electric Ventilating Company, 
‘J49 

Johns- Manville, 1006-1007 
Alilcor Steel Co , 1069 
B F Sturtevant Co , 950 

VENTILATORS, Unit 

American Blower Corporation, 820- 
821 

Autovent Fan & Blower Co , 94 5 
Buckeye Blower Company, 972-97,3 
Buffalo Forge Company , 047 
Canadian Sirocco Co , Ltd , 820-821 
Ilg Electnc Ventilating Company, 
949 

Herman Nelson Corp , The, 970-971 
John J Nesbitt, Inc , 972-973 
B F Sturtevant Co , 950 
Trane Company, The, 1094 
L J Wing Mfg Co , 9.54-955 
Young Radiator Company, 961 


VENTILATORS, Window 

Amencan Air Filter Company, Inc , 
884-885 

American Coolair Corp , 942-943 
Autovent Fan & Blower Co , 94,5 
Buffalo Forge Company, 9 47 
Coppus Engineering Corporation, 
886 

Ilg Electnc Ventilating Company, 
949 

Stay new Filter Corporation, 890- 
891 

B F Sturtevant Co , 9,50 
Universal Air Filter Corp , 892 


VIBRATION, Abt^orbers {See 
Sound Deadening) 

WARM AIR FURNACES (bee 
Furnaces, Warm Air) 

WARM AIR HEATING SYS- 
TEMS (See Heating Systems, 
Furnace) 

WATER CONDITIONING 

Amencan Blower Corporation, 820- 
821 

Aquatic Chemical & Metallurgical 
Engmeers, 896 

Canadian Sirocco Co , Ltd , 820-821 

Ferro-Nil Corporation, 1132 

Vinco Company, Inc , The, 893 
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WATER COOLING 

Baker Ice Machine Co , Inc , 822 
Sinks Manufacturing Co , 938-939 
Carrier Corporation, 824 
CTurtis Relngerating Machine Com- 
pany, Division ot Curtis Manu- 
facturing Company, 82() 
Delco-Fngidaire Conditioning Di- 
vision, Genpr.il Motors ^ilea. 
Corporation, 852-854 
Feddtrs Manufacturing Co , 9,58 
Frick Company (Incorporated), 827 
Ingersoll-Rand Company, 83()-831 
Marley Co , Inc , 9.37 
Norge Division, Borg-Warncr Cor- 
poiation, 873, 9,32 
bervel, Inc , S3f) 

Universal Cooler Corporation, 8.38 
Viltcr Manufacturing C'ompany, 
The, 839 

York Ice Machineiy Corporation, 
841 


WATER COOLING TOWERS 

(Set CoolnitiTofiL'ns, Watir) 

WATER FEEDERS (Stt Fuders, 
II ala) 


WATER HEATERS (Ste Hiahrs, 
Hot Haiti Stri'ue) 


WEATHER INSTRUMENTS, 
Indicatififl and Recording 

Bristol Company, The, 9.S2 
Brown Instrument Co , 98 3 
Conbuhdated Abhcrolt Hancock 
Co, Inc, 98 4 

Tulien P Kiit*i! &, Sons, Inc , 1108 
Johnson Service Company, 1110- 
1111 

Leeds N: Northuip (‘ompany, 987 
MinneapolivHoncywell Regulator 
Co, 111 1-1115 
Palmer Company, The , 990 
Tayloi Instrument ('onii),inieb, 988- 
989 


WELDING AND GUTTING 
APPARATUS 

Ideal Electnc it MIg Co , Tlxe, 
102.5 


WELDING Fn'TINC;S (Set Fit- 
tings, Weldinii) 


WELDING ROD 

American Biass C'o , The, 1028- 
1029 

Republic Steel C'orpoiation, 1037 
Reyere Coppi'r and Huiss Incor- 
porated, 10 38 


WHEELS, Blower 

Air Controls, Inc , 812 
Amencan Blower Coipoiation, 820- 
821 

Autovent Kan & Blowi*r ('o , 9 45 
Bayley Blower Company, 946 
Buffalo Forge Company, 947 
Canadian Sirocco Co , Ltd , 820-821 
Champion Blower & Forge Co , <)48 
Clarage Fan Company, 82,5 
Henry Furnace Ik Foundry Co , 
862-863 

L J Mueller Furnace Co , 870-871 
Niagara Blower Company, 832-833 
B F Sturteyant Co , 9,50 
Tornngton Mfg Co , The, 9,51-0.53 

to Advertisers 
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Officers and Council 


American Society of Heating and Ventilating Engineers 

51 Madison Ave., New York, N. Y. 


1936-37 


l^rcsidcnt 

Ihnt Vice*Pres%deni 
Second Vice-Prcstdent 
Treamrcr 
Secretary 


G. L. Larson 

D S Botoen 

E. H. Gurney 

A. J. Offner 

A. V. Hutchinson 


One Year 
M. C. Bbman 
John Ho watt 
L. W. Moon 
0. W. Ott 
W. A Russell 


Council 

G. L. Larson, Chatrman 
D. S. Boyden, Vice-Chatrman 

Two Years 
Albert Buenger 
F. E. Giesecke 
J. F. McIntire 
W. E, Stark 


Three Years 
R. C. Bolsinger 
S H. Downs 
W. L. Fleisher 
C. M. Humphreys 


Committees of the Council 

Executive’ John Howatt, Chairman; L W. Moon, M. C. Beman. 

Finance, J F McIntire, Chairman; E. H. Gurney, D, S. Boyden. 
Meetings: Albert Buenger, Chairman, F E. Giesecke, C. M Humphreys. 
Member simp’ W. A. Russell, Chairman, R, C. Bolsinger, W. L. Fleisher. 


Adyisory Council 

John Howatt, Chairman, Homer Addams, R. P. Bolton, W. H Carrier, S E. Dibble, 
W. H. Driscoll, H. P Gant, John F. Hale, L. A Harding, H. M. Hart, C. V Haynes, 
E. Vernon Hill, J D. Hoifman, W. T. Jones, D. D. Kimball, S R. Lewis, Thornton 
Lewis, J. 1. Lyle, D M. Quay, C. L. Riley, F, B. Rowley, F. R. Still and A. C 
Willard. 


Cooperating Committee 

A.S.H.V E. Representative on National Research Council, Prof. F. E. Giesecke (1 year). 
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special Committees 

Committee on Admission and Advancement E N. Sanbern, Chairman {one year')^ E J 
Ritchie {trwo years), and T H Urdahl {three years) 

Pubhcatiori Committee M C Beman, Chairman {one year), A I Brown (two years), 
and F C. McIntosh {three years) 

Committee on Constitution and By-Laws R H Carpenter, Chairman, O W Ott and 
W. E Stark 

Guide Publication Committee J H Walker, Chairman, Albert Buenger, S H Downs, 
C H. B Hotchkiss, W H Severns, and E N McDonnell, Advisory 

F Paid Anderson Medal Award Committee D S Boyden, Chairman, John Howatt, 
F C McIntosh, F B Rowley, and W E Stark 

A S,H V E -A S RE Committee on National Standards jor Air Conditioning Applicationii 
L A Harding, Chairman, Glenn Mufiiy, Vice-Chairman, W L Fleisher, D E 
French, John Howatt, A P Kratz, H J Macmtire, L A Philipp, C W Walton, Jr , 
and W. E Zieber. 

Committees — 1936 


Nominating Committee for 1936 


Chapter 

Representative 

Alternate 

Cincinnati 

H E Sproull 

J J Braun 

Cleveland 

M F Rather 

C F Eveleth 

Illinois 

J H Milliken 

J J Hayes 

Kansas City 

C. A Weiss 

L A Stephenson 

Manitoba 

C H Turland 

J E Yates 

Massachusetts 

W A McPherson 

W T Jones 

Michigan 

Thomas Chester 

G. H. Tuttle 

Western Michigan 

J H VanAlsburg 

S H Downs 

Minnesota 

C E Gausman 

N D. Adams 

New York 

W W Timmis 

E. J RircHiE 

Western New York 

W E VoiSINET 

B C Candee 

Oklahoma City 

F X Loeffler 

E F Dawson 

Ontario 

M W Shears 

H H Angus 

Pacific Northw’est 

Lincoln Bouillon 

E. 0 Eastwood 

Philadelphia 

H H Erickson 

M F Blankin 

Pittsburgh 

R. J. J. Tennant 

F C McIntosh 

St. Louis 

R J. Tenkonohy 

J W Cooper 

Southern California 

W E Barnum, Jr 

Leo Hungerford 

Washington, D. C. 

L S OURUSOFF 

T H Urdahl 

Wisconsin 

E A. Jones 

Committee on Research 

W A Danielson, Chairman 

C. E. Lewis, Vice-Chairman 

F C Houghten, Director 

Dr. a. C Willard, Technical Adviser 
0. P. Hood, Ex-Officio Member 

Ernest Szekely 

One Year 

Two Years 

Three Year^ 

C. A. Booth 

C A Dunham 

W. A Danielson 

E. K. Campbell 

W. L Fleisher 

C E Lewis 

John Howatt 

Elliott Harrington 

D. W. Nelson 

A. J. Nesbitt 

A P Kratz 

Cyril Tasker 

J. H Walker 

H C Murphy 
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Executive Committee 

W A Daniklson, Chairman 
C K Lkwis a P Kraiz 


Finance Committee 

G D Ktngsland, Chairman 
C V Haynes E N McDonnell 

A R Herske T H Urdahl 


Technical Advisory Committees, 1936-1937 

Committee on Air Ckctmng Devices H C. Murphy, M I. Dorfan, S R Lewis, 

(» W. I’eiuicy, O C Simpson, W 0 Vedder 
Committee on Air Conditions in Relation to Comfort C P Yaglou, Chairman, J J 
Aebei ly, R R Sayers, C -E .A Wmslow . 

Committee on Air Conditioning in the Treatment of Diseases Dr E V. Hill, Chairman, 
N D Adams, J. J Acberly, John Howatt, A P Kratz, V L Sherman, E L 
Slinniner 

Committee on Air Conditioning Requirements of Glass M L Carr, Chairman, F. L. 
Bishop, A. N Finn, E H. Hobbie, R J Lillibridge, R A Miller, F. W. Parkinson, 
W C Randall, Cyril Tasker, G B Watkins 
Committee on Atmospheric Impurities and Resulting Safety and Health Requirements 
Theodore Hatch, Chairman J J Bloomfield, C A Booth, Philip Drinker, Dr 
Lcoihird Gicenburg, H B Meller 

Committee on Climate and Its Relation to Air Conditioning Fundamentals' Dr C A 
Mills, Chairman, Major G. C. Dunham, James Govan, Dr W J. McConnell, 
C. F Nceigaard, Dr F. M Pottenger, Jr , E L Weber, Prof C -E A Winslow. 
Committee on Comfort Requirements for Summer Cooling' W L Fleisher, Chairman, 
A K. Beals, F. R Bichowsky, Thomas Chester, F. E Giesecke, Elliott Harrington, 
Dr E. V Hill, R E Keyes, Cjn-il Tasker, C P Yaglou 
Committee on Corrosion in Air Conditioning Equipment' A E Stacey, Jr , Chairman, 
M. L Diver, M. S. Kice, F L LaQue, C E Lewis, R M. Palmer, F N. Speller, 
C. M. Sterne, K T. Thornton, J H Young 

Committee on Corrosion in Heating Systems, J. H Walker, Chairman, E L Chappell, 
W II. Driscoll, C. A Dunham, L B Miller, R. R Seeber, C M. Sterne 
Committee on Direct and Indirect Radiation with Gravity Air Circulation M K. Fahne- 
stock, Chairman; H F Hulzel, J P. Magos, J W McElgin, J F. Meintire, D W. 
Nelson, R N. Trane, T. A Novotney. 

Committee on Effect of Entering Temperature and Velocity on Temperature and Distribution 
of Air within a?^ Enclosure: Einest Szekely, Chairman, S H. Downs, M. K Fahne- 
stock, D W. Nelson, C H. Randolph, J. E Schoen, G L Tuve, J H. Van Alsburg 
Committee on Frictional Resistance to Flow of Air in Small Ducts and Fittings J H. Van 
Alsburg, CImrman, C. A. Booth, S H. Downs, R D Madison, L B. Miller, L E 
Smith, C. M. Humphreys, 

Committee on Heati^R and Cooling Requirements of Buddings: O. W. Armspach, Chair- 
man: P D. Close, W H Driscoll, H M Hart, P E Holcombe, V. W. Hunter, 
II li Mather, E. C Rack, F B Rowley, R J. J. Tennant, J. H Walker. 
Committee on Heat Transfer of Finned Tubes with Forced Air Circtdahon-^ F. B. Rowley, 
Chairman; H* F Hutzel, C E. Lewis, E J Lmdseth, R. H Norris, W E. Stark, 

CommJee ^n^Int^rmiitent Heating of Churches, Au&itonums and Similar Buildings' 
E. K. Campbell, Chairman; W L, Cassell, Prof E F. Dawson, N. W. Downs, 
J M Robertson, J. H Kitchen, Prof. A. H Sluss. r rx 

Committee on InstHoition, L. A Harding, Chairman, E A. Allcut, J. D. Edwards, 
E. C. Lloyd, R* T Miller, E, R Queer, T. S Rogers, F, B Rowley, W. S. Steele, 

Cioil Tasker, B. Townshend, G B, Wilkes. „ „ , t a /^ «• 

Committee on Psyohrometry F R. Bichowsky, Chairman, C A Bulkeley, J. A Goff, 
Dr. E. V. Hill, F. G. Keyes, A. P. Kratz, W M. Sawdon, _ „ . 

CommitUe on Railroad Air Conditioning: A I Brown, Chairman, F. E Giesecke, C S 

Leopold, S R- Lewis, L W Wallace , , /y, 

Committee on RefiniieraHon in Relatwn lo MrTreatmertt' M K. Fahnestock, CUi^an, 
E A Brandt. John Everetts, Jr., Elliott Hamngton, E. D. Milener, K. W. Miller, 
E‘ B.' Newill, F. G. Sedgwick, J. H Walker . , ^ , 

Committee on Sound in Relation to Heating and Ventilation J. S, Parkinson, Chairman; 
C M. AshleY» ^ Booth, V. 0 Knudsen, R. F. Norris, C. H Randolph, J. P. 
Reis F. R. W^sttson 

Committ^ on Treatment of Air with Electricity: Prof. C.-E. A. Wmslow, Chair^n, 
Prof Vanne^ar Bush, W. H. Carrier, L W. Chubb, Major W. D. Fleming, R. F. 
James L R- Roller, Dr C A. Mills, Prof E. B Phelps, Prof C. R Wait, Prof. 
W. T Wells. 
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Officers of Local Chapters, 1936-37 


Cleveland 

Headquarters, Cleveland, Ohio 
Meets, Second Thursday tn Month 
President, L T Avery 

2341 Carnegie Avenue 
Secretary, W R Beach 
75 Public Square 

Cincinnati 

Headquarters, Cincinnati, Ohio 
Meets‘ Second Tuesday tn Month 
President, E B Royer 
6635 Ins Avenue 
Secretary, K W Schick 
561 Reading Road 

Illinois 

Headquarters, Chicago, 111 
Meets Second Monday tn Month 
President, J J Hayes 

53 W Jackson Boulevard 
Secretary, C E Price 

6 N Michigan Avenue 

Kansas City 

Headquarters. Kansas City. Mo 
Meets' Second Monday tn Month 
President, L R Chase 
2440 Pennway 
Secretary, F J Dean, Jr 
6028 Walnut Street 

Manitoba 

Headquarters. Winnipeg, Man., Canada 
Meets Fourth Thursday tn Month 
President, J B Steele 
184 Waterloo Street 
Secretary, C H Turland 
325 Centennial Street 

Massach usetts 

Headquarters, Boston, Mass 
Meets Second Tuesday tn Month 
President, James Holt 

Massachusetts Institute of Technology, 

Cambndge, Mass 
Secretary, John Turner 
285 Columbus Avenue 

Michigan 

Headquarters, Detroit, Mich 
Meets: First Monday after the 10th of the Month 
President, R. K Mil ward 
127 Campbell Avenue 
Secretary, G H Tutitle 
2000 Second Avenue 

Western Michigan 
Headquarters, Grand Rapids, Mich 
Meets Second Monday tn Month 
President, L G Miller 

Mich State College, E Lansing, Mich 
Secretary, E I Adams 

115 S Pine, Lansing, Mich 

Minnesota 

Headquarters, Minneapolis, Mum 
Meets: Second Monday tn Month 
Piestdeni, N D Adams 

220 Second Avenue S W , Rochester, Minn 
Secretary, J E Swenson 
800 Hennepin Avenue 

Montreal 

Headquarters, Montreal, Que, Canada 
Meets: Second Monday in Month 
President, G L WiGGS 
University Tower 
Secretary, C W. Johnson 
630 Dorchester Street W 
New York 

Headquarters, New York, N Y 
Meets- Third Monday in Month 
President, G E Olsen 
101 Park Avenue 
Secretary, T W Reynolds 

100 Pinecreat Dr., Hastmgs-on-Hudson, N, Y 


Western New York 
Headquarterb, Buffalo, N Y 
Meets Second Monday in Month 
Ptesident, P S Hedley 
Curtiss Bldg 
Secretary, C A Gifford 
758 Parkside Ave 

Oklahoma City 

Headquarters, Oklahoma City, Okla 
President, F X Locffler 
1604 N W Fifth Street 
Seerttary, E W Gray 
Boy 1498 

Ontario 

Headciuarters Toronto, Ont , Canada 
Meets' First Monday in Month 
President, Thomas McDonald 
117 Peter Street 
Sectetary, H R Roth 
67 Bloor Street W 

Pacific Northwest 
Headquarters. Seattle, Wash 
Meets Second Tuesday in Month 
President, S D Peterson 
473 Colman Bldg 
Secretary, D C Grifun 
Orpheum Bldg 

Philadelphia 

Headquarters, Philadelphia, Pa. 
Meets, Second Thursday tn MotUh 
President, W F Smith 

422 Bryn Mawr Avenue, Cynwyd, Pa 
Secretary, H H Erickson 
804 Architects Bldg 

Pittsburgh 

Headquarters, Pittsburgh, Pa 
Meets: Second Monday in Month 
President, M L Carr 
P O Boy 1646 
Secretary, T F Rockwell 
Carnegie Inst Tech 

St. Louis 

Headquarters. St Louis, Mo 
Meets' First Tuesday tn Month 
President, C R Davis 
2328 Locust Street 
Secretary, R J Tenkonohy 
3660 Shaw Boulevard 

Southern California 

Headquarters, Los Angeles, Calif 
Meets Second Tuesday in Month 
Piestdeni, Leo Hungerford 
524 Loew’s State Bldg 
Secretary, H M Hendrickson 
6051 Santa Fe Avenue 
* Texas 

Headquarters, College Station, Toyos 
President, F E Gibsfcke 
Tcyos a & M College 
Secretary,^ H Baduefl 
Texas A & M College 

Washington, D. C. 

Headquarters, Washington, D C 
Meets: Second Wednesday tn Month 
President, W A Danielson 
2236 Munitions Bldg 
Secretary, M D Kiczales 

3000 Connecticut Avenue N W 

Wisconsin 

Headquarters, Milwaukee, Wis 
Meets: Third Monday tn Month 
President, M E Erickson 

8405 W Greenfield Ave , West Alhs, Wis 
Secretary, R. G. Kocii 

626 E Wisconsin Avenue 
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Roll of Membership 

American Society of Heating and Ventilating Engineers 

1937 


HONORARY MEMBERS 


BALDWIN, WM. J. (1916), New York, N Y (Deceased May 7, 1924.) 

BILLINGS, DR. J. S. (1896), New York, N Y (Deceased March 10, 1913.) 
BOLTON, REGINALD PELHAM (1897), New York, N. Y. 

BRECKENRIDGE, L. P. (1920), North Fernsburg, Vt 

GORMLY, JOHN (Charter Member), Norristown, Pa (Deceased January 31, 1929.) 
NEWTON, G. W. (Charier Member), Baltimore, Md (Deceased August 6, 1920.) 
HOOD, O. P. (1929), Washington, D. C 

JELLETT, STEWART A. (Charter Member), (Presidential Member), Philadelphia, Pa 
(Deceased April 5, 1935 ) 


LIST OF MEMBERS Arranged Alphabetically 


(Asterisk Indicates authorship of papers) 


(M 1923; A 1918, J 1916) indicates. Election as Member 1923; Associate 1918; Jumor 1916 
(Pres. 1923) indicates, Elected President in 1923 and is now a Presidential Member 


A 


ABRAMS, Abraham (M 1027; J 1924), Pres , 
Abbey Heating Co, Inc, 81 Centre Ave , and 
(for mail), 100 Clove Rd , New Rochelle, N Y 

ACHESON, Albert R, (M 1019), Consulting Engr 
(for mail), fiOl Eckel Theatre Bldg, and 802 
Ostrom Ave , Syracuse, N. Y 

ADAMS, Benjamin (M 1919), Dist Mgr (for 
mail), American Blower Corp , Room 781 Broad 
Street Station Bldg , and 3006 W Coulter St , 
Queen Lane Manor, Philadelphia. Pa 

ADAMS, Benjamin G„ Jr. {S 1936), Engrg. 
Student (for mail), 724 Chautauqua, Norman, 
Okla , and 5127 Sunset Dnve, Kansas City, Mo. 

ADAMS, Bruce P. {A 1936), Asst Gen Sales 
Mgr. (for mail), McDonnell 8c Miller, 400 N. 
Michigan Ave., and 444 St. James Place, Apt 
804, Chicago, 111 

ADAMS, Charles W. (M 1920), Salesman, U. & 
Radiator Corp , 1405 West 11th St , Kansas 
City, Mo. 

ADAMS, Eugene I. (M 1934), Plant Engr, 
Michigan State College, and (for mail), 116 
S. Pine, Lansing. Mich 

ADAMS, Harold E. (M 1930), Chief Engr (for 
mail), Nash Engineering Co , Wilson Rd., South 
Norwalk and Memll Heights, Norwalk, Conn. 


ADAMS, NeU D, (id 1929, A 1925, J 1922), Supt , 
Franklin Heating Station (for mail), 220 Second 
Ave , S W., and 836 Eighth Ave , S.W , Rochester, 
Minn 

ADD AMS, Homer (Charter Member, Ltfe Member) t 
(Prestdenttal Member), (Pres, 1924; 1st Vice- 
Pres, 1923; Treas., 1915-1922, Council, 1915- 
1926). Pres , Kewanee Boiler Co , Inc , and 
Fitzgibhons Boiler Co, Inc, 101 Park Ave, 
New York, N Y. 


ADLAM, T. Napier (M 1932), Vice-Prea and Gen 
Mgr , Sorco Mtg Co , 183 Madison Ave , New 
York, N Y , and (for mail), 64 Wellington Ave , 
West Orange, N J 

ADLER, Alphonse A.* (M 1921), Consulting 
Engr , 35 Stewart Ave , Arlington, N. J. 

ADLER, Jack G. (J 1930), Sales Mgr , Air Cond 
Dept , Fngidaire Corp , 224 West 57th St , New 
York, and ffor mail), c/o B. W Adler, 6952 
Groton St , Forest Hills, L I., N Y 

ADSHEAD, Bernard (J 1936), Tech Director, 
National Air Conditioning Sc Humidifying Co , 
Ltd , 46 Bntannic Bldg , Manchester, and (for 
mail). Elm Bungalow, Brookside Rd, Gatley, 
Cheshire, England 

AEBERLY, John J.* (M 1928), Chief of Div. of 
Htg, Vtg and Ind. Samtation, Chicago Board 
of Health, 707 City Hall, and (for mailL 6225 

-- N Newcastle Ave, Norwood Park P. 0, 
Chicago, 111 

AHEARN, William J. (M 1920), Htg and Vtg. 
Engr , 21 Lake Rd.. Cochituate, Mass. 

AHLBERG, Henry B. (J 1933), Chief Engr. 
Anderson Ibroducts Co , 17 Tudor St , Cam- 
bridge, and (for mail), 146 Orlando St , Mat- 
tapan, Mass 

AHLFF, Albert A. (M 1023; A 1918), Chase Brass 
& Copper Co , Waterbury, Conn , and (for mail), 
Walnut Park Plaza, 63rd and Walnut Sts., Apt. 
204, Philadelphia, Pa 

AIKEN, Hck F. (J 1936; 5 1935), 312 Walnut St.. 
S E., Minneapolis, Minn 

AIKMAN, Joseph M. (M 1936), Consulting 
Engr., 128 East 18th St.. Mmneapohs, Minn. 

AITEIEN, James (A 1935), Supt. (for mail), 
Impenal Iron Corp . Ltd., Saskatchewan Ave., 
and 923 Palmerston Ave, Wmmpeg, Man, 
Canada 
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\KERS, Georfte W. (M 1929), Secy-Treaa (for 
mail), George W Akers Co , 2847 Grand River 
Ave . Detroit, and 424 Willits St , Birmingham, 
Mich 

ALEXANDER, Samuel W (M 1935), Mgr Htg 
Div , James Momson Brass Co . 276 King St , 

5 W , and (for mail), 124 Kingsmount Park Rd , 
Toronto, Ont , Canada 

ALFAGEME, BrauUo (M 1935), Engr . Mgr. 
B Alfageme, Almagro 1, Madnd, Spam 

ALFSEN, Nikolai ai 1933), Civil Engr , Alsen 

6 Gunderson, Oslo P O . Box 676, and (for mail), 
Shabekk near Oslo, Norway 

\LGREN, Axel B.* (M 1930), Asst Prof Mech 
Engr, Umversity of Minnesota, Exp Engrg 
Lab , and (for mail), 5109-17th Ave., S , Minne- 
apolis, Minn 

ALLAN, Norman J. (J 1934), Asst to Pres, 
Kansas City Pump Co , 1314-22 West 11th St , 
and (for mail), 3929 State Line Ave, Kansas 
City, Mo 

ALLEN, A. Walter (M 1936), Sales Engr , Pease 
Foundry Co , Ltd , Toronto, and (for mail), 161 
Glen Ave , Ottawa, Ont , (Canada 

ALLEN, DeWitt M (M 1936, J 1922), Dist Mgr 
^or mail), Ilg Electric Ventilating Co , 1()04 
Baltimore Ave, and 5700 Olive St, Kansas 
City, Mo 

ALLEN, WiUlam W. (.4 1936), Vice-Pres (for 
mail), Amencan Coolair Corp , Box 2300, 
Jacksonville, and Da Vina St . Venetia, Fla 

ALLMEN, Norman S. (/ 1936, 5 1934), 8420 
Lake Ave , Cleveland, (Jhio 

ALLONIER, Howard R (A 1936), Dist Mgr 
(for mail). Buckeye Blower Co , Box 195 (425 
W Town St ). Columbus, and R F D No 1, 
Powell, Ohio 

ALLSOP, Rowland P, (J 1934), Engr (for maiD, 
Mathers & Haldenby, Archts , 96 Bloor St , W , 
and 89 Neville Park Blvd , Toronto, Ont , 
Canada 


ALT, Harold L,* (M 1913), Bldg Equip Engr, 
Gibbs & Hill, Penn Station, New York, N Y , 
and (for mail), 18-C Kearny St., Newark, N. J 

AMES, Charles F. (A 1928), Vice-Pres and Sales 
Mgr , Ames Pump Co , Inc , 30 Church St , and 
(for mail), 205 West 54th St . New York. N Y 

AMMERMAN, Charles R. (M 1916), Consulting 
Engr (for mail), 772 Century Bldg , and 3908 
Guilford Ave , Indianapolis, Ind 

ANDEREGG, R. H. (M 1920), Vice-Pres , The 
Trane Co., and (for mail), 324 North 24th St , 
LaCrosse, Wis, 

ANDERSON, OarroU S. (M 1920), Mgr (for 
mail), Amencan Blower Corp , 429 Shell Bldg , 
1008 W. Sixth St , and 4267 HoUy KnoU Dnve, 
Los Angeles, Oilif 

ANDERSON, David B. (J 1936, S 1933), Engr , 
Wood Conversion Co , 1981 First National 
Bank Bldg, and (for mail), 770 Holly Ave, 
St Paul, Minn 

ANDERSON, George A M. (J 1936), 409 E 
Mam St , Owatonna, Minn , and (for mail), 
c/o M E Anderson. 115 East 60th St , New 
York, N Y 

ANDERSON, Sigurd H. (/ 1936, S 1936), 3921 
Bloomington Ave , Minneapolis, Minn. 

ANDES, WiUlam (A 1934), Secy-Treas , Andico 
Co , 565 Stones Levee, and (for mail), 3947 West 
162nd St., Cleveland, Ohio 

A^RESEN, Garwood C. (S 1936), Sales Engr,, 
York Ice Machine^ Corp , 42nd and Second 
Ave , Brooklyn, N Y, 

Al^REWS, George H. (A 1984), Partner and 
Supt , Ftank P. Andrews & Son, 364 Neshanock 
Ave, and (for mail), 213 Meyer Ave, New 
Castle, Ph 

ANGERhffiTOR, Albert H. (A 1936), Owner (for 
mail), no N. Commercial St , and 705 E. Forest 
Ave , Neenah. Wia 


ANGUS. Hanr H.* (M 1918), (Counal, 1927- 
lOiw). Consulting Engr , 1221 Bay St , and (for 
mail), 34 Farnham Ave , Toronto, Ont., Canada. 


ANSPACHER, Thomas H. (J 1936), Mgr, 
Buffalo Forge Co , 315 Dwight Bldg , and (for 
mail), 611 East Gist St , Kansas City, Mo 
ANTHES, Lawrence L (A 1035), Pres , ImpennI 
Iron Corp , Ltd , 30 Jefferson Ave , and (for 
mail), Anthes Foundry, Ltd , 64 Jefferson Ave , 
and 119 Dowling Ave , Toronto, Ont , Canada 
APT, Sanford R. (Jlf 1935), Mech Engr . New 
York World’s Fair 1939, Inc , 350 Fifth Ave , 
New York, and (for mail), 3C-20-l()8th St , 
Flushing, N Y 

ARCHER, David M. (M 1034), Sales Repr (for 
mail), Sarco Co , Inc , 143 Federal St . Boston, 
and 10 Thurlow St , West Roxbury, Maas 
ARENBERG, Milton K. (A 1920), Pres (for 
mail), Robert Barclay, Inc , 122 N Peona St , 
Chicago, and 1033 S Linden Ave , Highland 
Park. Ill 

ARGUE, Edgar J. (A 1935), Sales Engr (for mail), 
Lennox Furnace Co of Canada. Ltd , Saskat- 
chewan Ave , and Ste 23, Estelle Apts , Winnipeg, 
Man , Canada 

ARMBRUSTER, Frank T. W. (Af 1936), Sales 
Engr , Portsmouth Supply Co , 1532-34 Gallia 
St , Portsmouth, and (for mail), 105 First Ave . 
Waverly, Ohio 

ARMSPACH, Otto W.* (M 1919), Chief Engr, 
Kroeschell Engineenng (Jo , 215 W Ontano St , 
Chicago, and (for mail), 205 S Summit Ave , 
Villa Park, III 

ARMSTRONG, Robert W. (S 1935), 2809 E 
I^ke of the Isles Blvd , Minneapolis, Minn 
ARNDT, Heinrich W (A 1935), Div Head, 
Plbg and Htg Dept , Sears Roebuck & Co , 
732 Broad St, and (for mail), 214 Third St, 
Augusta, 

ARNOLD, Robert S (4 1926, J 1922), Pres, 
Lowell Air Conditiomng Corp , Aichitects Bldg , 
Philadelphia, and (for mail), Wallingford, Pa 
ARNOLDY, William F. (A 1930), Branch Mgr , 
Mmneapolis-Honeywell Regulator Co , and (for 
mail), 415 Bramard St , Detroit, Mich 
ARROWSMITH, John O. (M 1934), Plant Engr 
(for mail), Canadian Kodak Co , Ltd , and 9 
Humberview Rd , Toronto 0, Ont , Canada 
ARTHUR, John M., Jr. (Af 1923), Supt Com- 
mercial Light & Steam Sales (for mail), Kansas 
City Power & Light Co , 1330 Baltimore, 
Kansas City, Mo , and 3311 State Ave . Kansas 
City, Kan. 

ASHLEY, Carlyle M.* (M 1931), Dir of Develop- 
ment (for mail), Camer Corp , 750 FJreling- 
huysen Ave, Newark, and 27 Oakley Ave, 
Summit, N J 

ASKCLEY, Edward E. (M 1912), Consulting Engr 
(for mail), 10 East 40th St , New York, N Y , 
and Middlesex Rd., Noroton Heights, Conn 
ASTON, James (M 1919), Consulting Metal- 
lurgist (for mail), A M Byers Co . Clark Bldg , 
Pittsburgh, and 7315 Perrysville Ave., Ben 
Avon, Pa 

ATHERTON, G. R. (Af 1930), Air Cond Div (for 
mail), American Radiator Co , 40 West 40th St , 
New York, N Y 

AI^INS, Thomas J. (Af 1031), Mgr Air Cond 
Div , Carbondale Machine Corp , Hamson, and 
(for mail), 22 S. Munn Ave , East Orange, N J. 
ATKINSON, Kenneth B. (/ 1930), 6 Rose 
Valley Rd , Moylan, Rose vW. Pa 
•^UpHENBAUGH, Harry E, (Af 1935), Branch 
Mgr , York Ice Machinery Corp , 1238^6 North 
44th St , Philadelphia, and (for mail), 7105 
Penarth Ave , Upper Darby, Pa 
A\^RY, Lester T (M 1934). Pres (for mail), 
Avery Engmeenng Co, 2341 Carnegie Ave, 
Cleveland, and 21149 Colby Rd., Shaker Heights, 
Ohio 


A^M^, James E. (Af 1932; A 1931; J 1925), 
Spencer Heater Co., 
1206 Court Square Bldg , and 908 Old Oak Rd , 
Stondeigh, Baltimore, Md 

^ W Hickey 

r. University Ave , and (for mail), 

643 S Warwick Ave , St Paul, Minn 
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Roll of Membership 


B 


BACUTMAN, FuhI (Af lO.'Ui), Propiiotor (tor 
iiiiul), Noitli 21st St, Philiidelpliia, and 

'K)(i BHl Avc , Wadon, I\i 
BAOKS'l'KOM, Russoll E ' ( 1 10, H , J 1‘I28). (lor 
mail), Wood C'ouvcrsion Co, Fust National 
Bank Bldtj: , and ,'>1,1 S Snclhnii Ave , St Paul, 
Mum 

BAOKDS, H 1. (A/ lOKi). Htj? and 

Via (lot mail), 2(M)-2l)S IIill St, and 1018 
\ aajdui St , Ann Aihoi, Muh 
BAI>(;KTr, W Howard* (J 1S);12>. Resoarrh 
*\sst , 'I o\as ICni'iniiiTin}; Kxppnnicnt Station, 
A«n<nUtii,il and Mcdianioal CoIIcro of Texas, 
P O Box 21.1 iMCiilty LxchanfiO, College Station. 
Pi \as 

BAIINSON, Frederic F> (Af 1017), Vice-Prca 
and C'lncl P'ngt (lor mail), Ihc Bahnson Co, 
1001 S M.iishall St, Pres, Southern Steel 
SiaiuimiKS, ln< , P <) Box 1012, and 28 Cascade 
Ave , Winston Salem, N. C 
BAILEY, Edward P., Ji (A/ 102,')), Diht Repr , 
lion Fnenian C'orp , ,'1170 West lOOtli St , Cleve- 
land, Ohio, nnd (lor mail), l.'il Crocker Blvd , 
Mt C'lemenh, Mich 

BAILEY, W Mumford (A/ 1000), Managing 
Dir , Miiiulord Btulcy & Pieaton, Ltd , and Toint 
M.in.igiiig Dll , British Tiane Co , Ltd (for 
mail), “Newcastle Iloiwe" ('lerkenwell Close, 
London, 1C (' 1, and “Oldburv Couit,” Dames- 
wav. Thorpe Bay, Itssex, England 
BAIRD, S. Alan (A/ lll,l,">), Consulting Engr (for 
mad), 023 t'onimercial Meichants National 
Bunk Bldg , ami Oil IC Virgiina Ave., Peoiia, 111 
BAKER, C. T (A/ l<»,ri). Consulting Engr, 713 
Cilemi St , S W , AtKintii, (in 
BAKER, Cieorfte R. (A/ I'KIO), Pres, (for mad). 
<», R Baker <'o , Ltd , 221 Adelaide St , W , and 
37 L,ippm Ave , Toionto, Canada, 

BAKER, Harry L , Jr (J lOlkl), Sales Kngr (for 
m,ul), Ameiican Blowei Corp., <10 West ‘10th St , 
New Yoik and 00,*k5 Third Ave , Biooklyn, N. Y 
BAKER, Howard <k (A/ 1<)21). Pics , The Howard 
(' Ikiker ('o , 12«S S St Clair St , Toledo, Ohio 
BAKER, Irvinft <k (A/ 1021), Gen Sides Mgr (for 
mad), Autiuup, Inc , S021 Coaint Rd , Detroit, 
and M28 Yoiksluie Rd , Groase Pointc, Mich 
BAKER, Richard H. (S 1030) . 1353 West 03rd St . 
C'leveland, Ohio 

BAKER, Roland H. (M 1028; A 102*1). Pres (for 
mad), R, 11 Baker Co . 10 State St , Boston, and 
‘120 Mcmoiml Diive, (Cambridge, Ma'W 
BAKER, William IL, Jr (d 103,5), Air Cond 
Div. (lor mad), American Radiatoi Co , 810 
S. M iclugan Ave., and 1211 N State St , Chicago, 
111 


BALD I, Gluscppo (A 10,30), Engr (for mad), 
t'ompagnia Itdiami Westinghouse, via Pier 
< 'a* lo Boggio 20 and Corso Racconigi, 39, Torino, 
Italy 

BALDWIN, WilUam 11. (Af 1021), Branch Mgr 
(lor mad), C A Dimhani C'o , 2088 I?ast Grand 
Hlvd , and 2030 Calveit, Detroit, Mich, 

BALL, WUliam (A lO-'KO. Pres (for mad). 
Interstate Heating & Plumbing Co . 531 South- 
west Blvd , Kansas City, Mo , and 1700 West 
37th Ave , Kansas City, Kan. 

BALLANT'YNE, Georfto L. (A 1030), Mgr.. Htg 
Sales Dept, (tor mad). Crane, Ltd , P. O Box 
8*10, and 4872 Cote Des Neiges, Montreal. 
P f) , Canada 

BALSAM, Charles P. (M 1932), 324 Fourth St., 
Brooklyn, N Y 

BAMOND, Manuol J. (M 1930), Engr , Reynolds 
Corp , (iOO N La.Salle St , and (for mad), 4716 
Magnolia Ave., Chicago, 111. 

BANNON, Lucas E. (A 1035), Archt , 18 Church 
St , and (for mad), 16 Church St , Paterson, N J 

BARBIERI, Patrick J. (J 1986, S 1933), Asst 
Engr., Armo Cooling Sc Ventilating Co , 30 
West 15th St., and (for mad), 2166 Belmont 
Ave New York, N y 

BARnXkD, M. Everett (A 1931, J 1929), Sales 
Engr (for mad). Carrier Corp , 12 South 12th 
St , and 341 Vernon Rd , Philadelphia, Pa. 


BARNES, Arthur R (A/ 1021), Chief Engr (for 
m.iil). U S Supply Co , 131.5 West 12th St , and 
325 hkiht 7()th retrace, Kansas City, Mo 

BARNES, Harry P. (A 1030), Mgr , Construction 
Dept (for mad), Johns-Manvdle Sales Coip, 
20.10 Walnut St , and 0101 Walnut St , Kansas 
Citv, Mo 

BARNES, Herbert (A/ 1030), Mgr (for mad), 
Herbert Barnes Plumbing & Heating, Delta 
Block, and 111 Grotvenor Ave, S, Hamilton, 
Ont , Can.ida 

BARNES, Walter E. (A/ 10,33), Pres, Barnes & 
Jones, Inc, 128 Biookside Ave, Jamaica Plain 
(Boston), and (lor mail), 7 Woodlawn Ave , 
Wellesley Hills, Mass 

BARNEY, William E. (M 1036), Mgr and 
lieseardi Engi (for mail). Hydraulic- Press 
Brick ('o , South Park, and 4929 l^bt 108th St , 
Cleveland, Ghio 

BARNS, Amos A. (M 10,33), Owner (for mad), 
4 10 W State St , and 318 W. State St , Ithaca, 
N Y 

BARNSLEY, Frank R. (4 1030), Mgr. Air 
Cond Div (for mad), Canadian General Electric 
Co. Ltd, 1000 Beaver Hall Hill, and 5246 
Byron Ave , Montreal, Que , Canada 

BARNUM, Charles R. (S 1935), 1194 Capitol 
Ave , St Paul, Mmn 

BARNUM, Marvin C (M 19,30; A 1028), Eastern 
Repr ft or mad), Waterman-Waterbury Co , 
113.3 Broadway. New York, and Cherry Lane, 
Monaev, N Y 

BARNUM, Willis E, Jr. (Af 1933; A 1933, 
J 10.30), Sales li-ngr , Yoik Ice Machinery Co., 
.50,51 Santo he Ave , I^os Angeles, and (for mad), 
3507 5?anta Ana, South Gate, Calif 

BARR, George W. (Af 100.>). (Board of Gover- 
nors, 1010), Dist Mgr, Aerofin Corp, Land 
Title Bldg., Philadelphia, and (for mail), Woods 
End, Villa Nova, Pa 

BARRY, James G., Jr. (Af 10,33), Vice-Pres (for 
mad), Elliott & Barry Engineering Co , 4060 
W Pine Blvd , and 5051 Queens Ave , St Loms, 
Mo 


BARRY, Patrick I. (Af 1020), (Peace Commis- 
sioner), MIHVE (for mad), M Barry, Ltd , 
4 Marlboro St, and Budaka, Sidney Park, 
Cork, Ireland 

BARTH, Herbert E. (Af 1920), Sales Mgr.. 
American Blower Corp , 6000 Russell St., 
Detroit, Mich 

BARTLETT, Amos C. (AT 1910), Mgr., Htg and 
Vtg Dept (for mad), B F Sturtevant Co , 
Damon St., Hyde Park, Boston, and 30 Hollings- 
worth Ave , Braintree, Mass 

BARTLETT.C Edwin (A/ 1022) , Pres (for mad), 
Bartlett & Co., Inc , 3223 Arch St, and 87 w 
Phil Ellena St , Philadelphia, Pa 

BARTON, Delbert H. (J 1936, 5 1935), Box44-B, 
f^mcrville, Texas 

BASTEDO, Albert E. (Af 1919), Vice-Pres- 
Treas-Mgr (for mail), Burnham Boiler Corp., 
Irvington-on^Hudson, and Burnside Dnve, 
Hastingsron-Hudson, NY 

BAUER, Albert E. (Af 1035), U S Air Conp 
ditionmg Corp , N. W Terminal, Minneapolis, 
and (tor mail), ,59 S. Victona St , St Paul, Mmn. 

BAUGHMAN, L. R- (Af 1936), Htg, Engr, 
Helms & Baughman, 103 N Shendan Rd , 
Waukegan, and (for mad), 2706 Blschol Ave , 
Zion, 111. 

BAUM, Albert L. (Af 1916), Member of Firm, (for 
mad), Jaros, Baum & Bolles, 415 Lexington 
Avcj and 601 West 113th St , New York, N. Y 

BAIJMGARDNER, CarroU M. (Af 1928), Branch 
Mgr (for mad), U S Radiator Corn , 3254 N. 
Kdbourn Ave , Chicago, and 002 Michigan Ave , 
Evanston, III 

BAUR, John W. (J 1936; S 1935), 2517 LeJand 
Ave , Chicago, III ^ 

BAYSE, Harry V. CM 1923), Amencau Furnace 
Co , 2725 Morgan St , St. Louis, Mo 

BEACH, Walter R. (A 1936), Sales Engr. (for 
mail), Cleveland Electric Illuminating Co , 75 
Public Square, Cleveland, and 1185 Yellowstone 
Rd., Cleveland Heights, Ohio 
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BEAN, George S. (*4 1935), Mgr , Stoker Div (for 
mail). North Western Fuel Co , E-1203 First 
National Bank Bldg , St Paul, and ■1949-lbth 
Ave , S , Minneapolis, Mmn 
BEARD, Earl L. (/ 193G, S 1934), 819 Mam St , 
San Antomo, Texas 

BEAURRIENlf^, Auguste '* (Jl/ 1912), Consulting 
Engr , 25 Rue des Marguettes, Pans, France 
BEAVERS, George R. 1929), Chief Engr , 
Canadian Blower & Forge Co , Ltd , Woodside 
Ave, and (for mail), 60 Church St, \pt ‘D/ 
Kitchener, Ont , Canada 

BECKER, Walter A 1935). Sales Engr. 
Gnnnell Co , Inc , 442 3 S Western Ave , and 
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Cmannati. Ohio 

BIRRELL, Allan L (A 1925), Consulting Engr , 
372 Bay St , Toronto 2, and (lor mail), 93 Kings- 
way, Toronto 9, Ont , Canada 
BISCH, Bernard J (Af 1931), Engr , St Mary- 
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8011 Dexter Blvd , Detroit, Mich 
BISHOP, Manon W (7 1935), ^Ics Engr (for 
niail), Amencan Blower Corp , 228 N I-aSville 
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Rifth St, and (for mail), 71 Stewart Ave, 
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('liitago, .ind (ioi mad), 720 Hayes Ave, Oak 
Park, Ml 

BLANKIN, Merrill F. (A/ 1027, A 1026, J 191^, 
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lUlRRIlART, KIdcr M (7 lO.W), Sheet Metal 
I‘/btimatoi, Oveilv Mtg Co, 571 W Otterman 
St, and (toi mail), 22 Westminster Ave, 
Clreensbuig, Pa 

BURKS, Roland 11 (7 10,86, ,9 1035), 123 Yale 
Ave , Rm Antonio, Tevis 
BtlRNl'Vrr, ICarlo S (A/ 1U20), Mech Engr , 
Am.iiillo HcMiuin Pl.mt, IT S Bureau of Mines, 
and (toi mail), 1228 West lltli Ave , Amarillo, 
Texas 

BURNS, Kdward J. (A/ 1023), Hams Bros 
Plumbmi'' Co„ 217 W I-4\k.e St , and (ioi mail), 
1716 Aldndi Ave , MinncMpoha, Mmn 
BURNS, John R. (J lt)8(., .S 1088), Htg Engr , 
Delius , 18 N Mam St , and (lor mail), 504 N 
Main St , WallmKtoid, ('otin 
BURNS, Robert (M lO.M), Sales Engr, Scars 
Roebut k 3c ('<> , 200 Ifi Dhio St , and (for mail), 
*182 Antenor Ave , Pittsburgh, Pa 
BURR, Kimball (A 103h), Mgr An Cond Div 
(lor nuiil), Amenwn Radiator Co., 40 West 10th 
St , New Voi k, and Ardsley Park, Dobbs Ferry, 
NY 

BURRirr, Ubailes O (-1 1010), Branch Mgr 
(lor mail), )ohn«on Service Co , 022 Second Ave. 
,S , and 615 Second Ave S , Minneapolis, Minn 
BUSHNKLL, Cail D. (I 1021). Pres (tor mail), 
BushneU Machinery Co , 811 Russ St , Pitta^ 
burgh, and 01 Pilgiim Rd , Roaslyn Farms, 
('ainegie, Pa, 

BUTLBK, Peter D (A/ 1022), Salesman, U S 
Kadiatoi C'orp , Dctioit, Mich , and (for mail), 
127 ICilgewatei Rd , Chlfsidc Park, N J 
BU'IT, RtHlerick K W (A 1030, J 1080), Air 
(\md h'ligid.urc, lAd,, The Hyde, 

Hendon, London, N W 0 and (tor mad), 
“Hive C'ornei," The Common Rd , Stanmore, 
Middlortex, England 

BinTARAVOLl, Frank (.S' 1036), 1820 East 19th 
St , Brooklyn, N Y 

BUITS, Robert L, (J 1080. 5 103*5), OUh and 
Normandale, Minneapolis, Mmn 
BYRD, Tom (A 1080), Salesman (for mail), 
American Rolling Mill Co , 703 Curtis St., and 
2408 IHcmlng Rd., Middletown, Ohio 

c 


CAIRNS, John H. (A 1936), Asst Sales Engr., 
Fngidnire Corp , and (tor mail), 127 Scarboro 
Rd., Toronto, Ont, Camida. 

CALDWELL, Arthur C. (M 1030), Engr and 
l^stmmtoi, P. Gorraly Co , 155 N Tenth St„ imd 
(for mail), 550 South 48th St , Philadelphia, Pa 
CALEB, David (A7 1028), Eng (for mail), Kansas 
City Power & Light Co , 1380 Baltimore Ave , 
anil 141 Spruce St, Kansas City, Mo 
CALL, Joseph (J 1086), Air Cond Engr , Elliott^ 
Lewis Co., 2518 N Broad St„ Philadelphia, and 
(tor mail), 060 Jamestown St, Roxborough, 
Philadelphia, Pa ^ „ 

CALLAHAN, Peter J. (M 10.84), Inspecting Engr , 
Central Hanover Bank k Trust Co , 60 Broad- 
way, New York, and (for mail), 4057 Amboy 
Rd., Gieat Kills, S I , N Y 
CAMERON. William R. (A 1030). Dist, Mgr , 
L J Mueliei Furnace Co , Milwaukee, Wis , and 
(for mad), 3387 Highland Ave , Kansas City, Mo. 


CAMPBELL, Alfred O , Jr (J 193S). Field Clerk. 
Inspection Div , Federal Emergency Administra- 
tion of Public Works, 938 Poplar Ave , and (for 
mail), 1085 Meriwether Ave , Memphis, Tenn 
CAMPBELL, Everett K.+ (M 1020), Pres-Treas 
(for mad), E. K Campbell Heating Co , 2445 
Chailotte St , and 3717 Harribon Blvd , Kansas 
Citv, Mo 

CAMPBELL, E. Kirker, Jr. (J 1930), Secy (tor 
mail), E K Campbell Heating Co , 2445 
Chailotte St , and 3717 Hatrison Blvd , Kansas 
City, Mo 

CAMPBELL, Frank B ( 1 1027), Sales Engr, 
American Radiator Co , 10 Wcbt 10th St , 
New York, N Y 

CAMPBELL, Robert E (J 1935, S 1934), Htg 
Engr (for mad), Brooklyn Borough Gaa Co , 
Mermaid Ave. and West 17th .St , Coney Island 
and 1905 East 28th St , Brooklyn, N Y 
CAMPBELL, Thomas F. (M 1928), Distributor, 
Minneapohs-Honeywell Regulator Co , 1013 
Penn Ave , Wilkinsburg, Pa 
CANDEB, Bertram C. (M 1933), Partner, 
Beman & Candee, 374 Delaware Ave , Buffalo, 
and (for mad), 19 Tremont Ave , Kenmoie, N Y 
CAREY, James A (M 1028), Gamer Corp , 
Newark, N J , and (for mad), Villa Nova, Pa 
CAREY, Paul G. (M 1030), Consulting Engr (tor 
mad), Runyon & Carey, 33 Fulton St , Newark, 
and 31 Claremont Drive, Maplewood, N J. 
CARLE, William E (At 1<)26), Pres (tor mail), 
Carle, Boehling Co, Inc, 1611 W Broad St, 
and 2220 Floyd Ave , Richmond, Va 
CARLOCK, Marion F. (M 1030), Engr J H. 
Walters Co , 610 E Broadway, and (for mad), 
506 Henry, Alton, 111 

CARLSON, Everett E. (M 1932, 1 1920), Branch 
Mgr (for mad), Poweis Regulator Co , 1010 
Louderman Bldg , and 6652 Washington Ave , 
St Louis, Mo 

CARPENTER, R H. (M 1921), (Council, 1930- 
1935), Mgr. New York Office (for mad), Nash 
Engineenng Co , Graybar Bldg , 420 Lexington 
Ave , New York, and 20 Jefferson Ave , White 
Plains, N Y 

CARR, Maurice L. (Af 1931), Director (tor mad), 
Pittsburgh Testing Laboratory, P O. Box 1046, 
and Webster Hall, Pittsburgh, Pa 
CARRIER, Earl G. (Ad 1036; J 1029), Estimating 
Engr , Gamer South Afnca (Pty), Ltd , 20 
Beresford House, Simmonds St, Johannesburg 
Transvaal, Union of South Afnca 
CARRIER, Willis H* (M 1913), (Presidenital 
Member), (Pres , 1031, Ist Vice-Pres , 1930, 2nd 
Vice-Pres , 1029, Council, 1923-1932), Chairman 
of the Board (for mail), Garner Corp , 860 
Frelinghuysen Ave, Newark, and Rensselaer 
Rd» Essex Fells, N J 

CARTER, Alexander W- (J 1936), Heating Engr 
(for mail), Monarch Brass Mfg Co , Ltd , 71 
Browns Ave , and 105 Victoria Park Ave , 
Toronto, Canada 

CARTER, Doctor (M 1934), Heating and Samtary 
Engr (for mail). Room 415, 410 Szechuen Rd. 
and Lane 175, House 9, Tunsin Rd , Shanghai, 
China 

GARTER, John H. (M 1036), Special Repr (for 
mad ), Fnck Co , 100 N Brendway, St Louis, and 
629 Atalanta Ave , Webster Groves, Mo 
CARY, Edward B. (M 1936), Vice-Pres (for mad). 
John Paul Jones. Cary & Millar, Inc , 448 
Terminal Tower, Cleveland, and 3549 Daleford 
Rd , ^hnT****^ Heights, Ohio 
CASE, Roy H. (A 1930), Resident Mgr (for mad), 
431 Lyon Bldg., and 3322 Hunter Blvd . Seattle, 
Wash. 

CASE, Walter G, (A 1030), Tech Mgr, Ideal 
Boilers & Radiators, Ltd , Ideal House, Great 
Marlborough St , London, W I and, (for mail), 
66 The Ridgeway, Kenton, Harrow , Middlesex, 
England 

CASEY, Byron L (M 1921). Sales Engr (for 
mad), Ilg Electric Ventilating Co , 182 N 
LaSalle St , Chicago, and 515 N Park Ave , 
Park Ridge, 111 
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CASEY, Huntley F, (M 1931). Mech Engr . 
Treasury Dept , Proc Div , Federal Warehouse, 
and (for mail), 1843 Irving St N W , Washing- 
ton, D C 

CASH, Tldie T. (A 1925), Mgr (tor mail), 
Gnnnell Co , Inc , 240 Seventh Ave S , and 617 
Kenwood Parkway, Minneapolis, Minn 
CASPERD, Henry W. H (J 1930), Engr , Carrier 
Co , Ltd , 24 Buckingham Gate, London, and (for 
mail), 21 Rohm Hood Lane, Sutton, Surrey, 
England 

CASSELL, John D* (Life Member. M 1913), 
Retired (for mail), 2008 Walnut St , Philadelphia, 
Pa , and 740 Garfield Ave , Palmyra, N J 
CASSELL, William L (M 1936), Mech Engr 
(for mail), 2501 Telephone Bldg , Kansas City, 
and R F D No 6, Independence, Mo 
CAWBY, Elmer L. (J 1935), Sales Engr (for 
mail), Camer Corp , 748 E Washington Blvd , 
and 2315 S Flower St , Los Angeles, C&hf 
CHAMBERS, Fred W (M 1936), Mgr and Chief 
Engr (for mail), F W Chambers & Co , 9b 
Bloor St W , Toronto 6, and 122 Garfield Ave , 
Toronto, Ont , Canada 

CHAPIN, C. Graham (M 1933), Treas (for mail), 
Hopson & Chapin Mfg Co , 231 State St , and 
66 Faire Harbour Place, New London, Conn 
CHAPIN, Harvey G. (M 1935), Sales Engr (for 
naail), Westerhn & Campbell Co. 1113-23 
^melia Ave , and 8136 Ingleside Ave , Chicago, 

CHAPMAN. William A, Jr. (M 193b), Diat 
Engr (for mail), Fngidaire Corp , 3414 Lindell 
Blvd . St Louis, and 27 Willow Hill Rd , Mc- 
Ipught Village, St Louis County, Mo 
CHARLES, Thomas J. (M 1934), 175 Marine 
Ave , Brooklyn. N Y 

CHARLET, Louis W (M 1934), Mgr, N Y 
Bmnch (for mail), Kewanee Boiler Corp , 37 
West 39th St , New York, and 427 Rich Ave , 
Mt Vernon, N Y 

CHA^, Chauncey L (M 1931), Partner (for 
mil), Edward E Ashley, Consulting Engr , 10 
East 40th St , New York, and 8829 Fort Hamil- 
ton Parkway, Brooklyn, N Y, 

CHASE, ^uis R (J 1931), Dist Supervisor (for 
mail). Carter- Waters Corp , 2440 Pennway. and 
222 West bSth St , Kansas City, Mo 
CHEATWOOD, William H (/ 1037). Com- 
meraal Engr (for mail), Interstate Electnc Co , 
^ Spnng St , and c^o Y M C A , Shreveport, 

CHEESEMAN, Evans W. (S 1934), Carnegie 
Institute of Technology, Pittsburgh, Pa 
C^, Sarcey T. (Jf 1936). Director and Partner 
ffor mail), American Engineenng Corp, 989 
Bubblmg Well Rd , and 122 Route Frelupt, 
Shanghai, China 

(*5 1936), (for mail). 
West Lafayette, and 415 
W Mam St , Portland, Ind 
CipWE R^tp E. (J 1929), Engr, Camer 
Corp., 850 Frelmghuysen Ave, Newark, and 
(for mail), 47 Elm St , Ehzabeth, N J 
CTORRY, Lester A* (Af 1921), Consulting 
Enff (for mail), Industnal Planmng Corp . 271 
Delaware Ave . and 155 Euclid Ave , Buffalo, 

ClffiSTER, Thomas* (M 1917), Consulting 
Engr , c/o Davidson & Co . Ltd . Central House, 
Kingsway, London, England 

Sales 

"or n^), Buffalo Forge Co , 490 Broad- 
way, and 256 Lincoln Parkway, Buffalo, N Y, 
C^PEI^IELD W. H (A 1934). Service Engr., 
W.ake>Cro8weUer Co . Ltd. 20 Queen Elirebitli 
Lankers Drive, 

North Harrow, Middlesex. England 

-Treas (formaU). 
SthoU-Choffin Co , Mahomng Ave and Hogue 
St , and 660 Tod Lane, Youngstown, Ohio 


CHRISTIE, Alfred Y (A 1933), Salcbinan. U S 
Radiator Corp , 233 Vah&ur St , C ambndge, and 
(for mail), 715 LaGrange St , West Rovbury, 
Mass 

CHRISTMAN, William F (A 1932, J 1031), 
Engr (for mail), Kroc'ichell Knginceiing Co, 
215 W Ontario St , and 2803 faint Ave , Chicago. 
Ill 

CHRISTOPHERSEN, Andrew E. (Af 1935). 
Engr -Custodian (for mail). Board of Education, 
Franklin & Waller Br High Schools, 22b W 
(^ethe St, and 2923 N Kilpatiick Ave, 
Chicago, 111 

CHROUCH, Richard B. (J lOSU; S 1935), 
Consumers Power Co , and (tor mail), 225 S 
Butler Blvd . I^nsing, Mich 
CHURCH, Herbert J (M 1922), Mgr (for mail). 
Darling Bros , Ltd , 137 Wellington St W , 
Room 904, Toronto, and 358 Mam St N , 
Weston, Ont , Canada 

CLARE, Fulton W. (Af 1927), Pres (tor mail), 
Clare & Co, 120 Spnng St NW, and 935 
Plymouth Rd N E , Atlanta, Ga 
CLARK, E. Harold (A/ 1022), Mtrs Agt , 600 
Michigan Theatre Bldg, and (tor mail), 25.i9 
Lakewood, Detroit, Mich 

CLARKE, Joseph G. (Af 193(>), Sales Engr , 
Delco-Fngidaire Conditioning Coip , Wisconsin 
Blvd , and (for mail), 1233 Carlisle Ave , Dajrton, 
Ohio 

(XARKE, Samuel S. (L/fg A^lember, M 1900). 
Pres.-Mgr (tor mail), S b C'l.irkc it Co , Ltd . 
b05 W Second St , and b03 W Second St , 
Calgary, Alta , Canada 

CLARKSON, W. B. (Life Afemher. Af 1010), Vice- 
Piea , King Ventilating Co , and (tor mail), 261 
Broadway, Owatonna, Mmn. 

CLAY, Charles H. (S 19, {5), Mech Engr , 815 
Mam St , Cedar Falls, Iowa 
CLEGG, Carl (Af 1922), l>ist Mgr (for mail), 
Ainenmn Blower Corp , 311 Mutual Bldg , and 
3513 Gillliam Rd , Kaiihas City. Mo. 

CLEGG, Robert R (A 1933), ^onc Mgr , Owons- 
nimoia Glass Co, 1538 UiSalle Watkci Bldg, 
and (for mail), 3270 Lake Shore Dave, C'hicago, 

CLERIGUZIO, Gerald P. (J 1935), 87 Grove St . 
Bloomfield, N T 

CLEVELAND, Clyde C. (1 VWO), Iltg Engr, 
Johiwon & Cleveland, 192 Mam St , and (for 
mail), 64 K Main St , Biadlonl, Pa 
COPPINGER, J. Verne (S 1936), bOll Dalzell 
Place, Pittsburgh, Pa 

CXrODFELTER, John L. (.1 1032), Supt (for 
mail). Carolina Sheet Metal Coip , 17th St and 
Chelten Ave, Philadelphia, and West Chester 
Pike and Brief Ave, Eh/abeth Manor Apt, 
l^Jper Darby, Pa 

CLOSE, Paul D.* (Af 1928), Chief Engr, fn- 
dustnal Uses Div (tor mail), Celotex C'o , 919 N 
Michigan Ave , Clucago, and 5l)4 Meadow Rd , 
Wmnetka, 111 

LmUo (Af 1022), Iltg and Vtg Engr , 
203 Pierce Rd , Weymouth, Mass 
COCHRAN, Charles G. (A 1935), Bninch Mgr. 
2°^ Minneapolis-IIoncywell Regulator 

Co , 32o W North Ave , and W Wisconsin 
Ave , Milwaukee, Wis 

COCHRAN, Lex H. (Af 1031), Dist Mgr (for 
Amencan Blower Corp., 625 Market St , 
and 130 C^mmo Del Mar, San Fiancisco, Calif 
COCHR^, WiUIam B. (J 1936; 5 1935), Air 
Cond Engr (for mail), Cochran Air Conditioning 
Co (Westmghouse). 1303 Umar Ave,, and 3316 
Telephone Rd , Box 16, HuiiRton, Texas. 

1030), .Sales ICngr , Pierce, 
BuUct Radiator Corp., 19th and Glcnwoud Ave , 
and (for mail), 7336 North 2l8t St, Philadelphia, 

CO®, ]^ph T. (M 1917), Owner (for mail), R. T 
Coe Cos,, 410 Reynolds Arcade Bldg , and 235 
Chill Ave, Rochester. N V 
COHAGEN, Ch^dler C. (Af 1919), Archt (for 
H^den Bldg, and 127 Wyoming 
Ave , Billmgs, Mont 




Roll of Membership 


Harry fV PKilO, K,iht llOth bt, 
ClovH.unI, ( )Iii(> 

<X)HKN, Philip (.1/ DisL Mfit (toi mail), 

H K. Stuitov.int Co, 107 Ohio Gab Bldg, 
( lovHiiml, and dOSl Lyniiliold Rd , Sluikei 
IloiglUh, Ohio 

COUn, Glvde W (U 1015), Consulting Kngr 
(All (Nnul ), 1UI5 Mini St, Spiiuglidd, Masb , 
,578 Madison Vvo , Now Voik, N Y, and (toi 
Iliad), 80 N PUMsant bt , Holyoke, Mass 

GOIXlLOHCai, O T. (I 1M«), Custodian, 
Aiiioiuaii I iM'alion, An lent an Government 
Bldg, and (lot mad). ISO lasgar bt , Ottawa, 
Canada 


OOMC, Chant K ( I l‘)ll.5), Vice-l*ics (for mail), 
Ti.uw* ('o ol ('.inada. Ltd, HO king bt W, 
ronmto, and Dixie, Out , (\inad.L 
OOLKMAN, John B {M 1020), C'hiol ICngr (for 
mad), (iiimu'll t'o, lii< , 2lt0 \V Kxchange bt, 
and 2i7 t'ole \vf , Piovidence, R I 
OOIXIRK, William I. (Jl/ 1021), Pres (lor mail), 
W 1 t'ollier & C'o , .522 Park Ave , Baltimore, 
and h'ditott ‘'L , Klluott t'ltv, Md 
HOLLINS, John V S , Jr (A/ lOIM), Supervisor 
ol Sleaiii Utdi/atioii (lot mad), Allegheny 
Ctmntv Steam Heating ('o , Philadelphia 
('ompanv Bhlg , tB.5 Sixth Ave , and 827 N 
liticlid Ave, Pillhbuigli, IM 
HOLLINS, Max I). ( f IOJ(i; S’ 10,15). Mech ICngr , 
‘118 {'oiieoid St, St Paul, Minn 
HOMPTON, Waiien L. (/ lO.io, S l«;in), ISngr. 

001 W (been St , Uibana. Ill 
HOMSTOHK, Cilen M. (I H)2(»). Dixt Repr. 
L I, Wing Mlg Co, 151 West 1 Uh St , New 
York, N V, and (lor m.id), (iOl Chamber of 
('onuneice Bhlg., Pitthbuigli, *ind 151 College 
Ave . Bwiver , Pa 

HONATY, Bernard M. (Af llKk5), Sales Mgr (for 
mud), Anieti<,ui DihUut Steam Co, N Tona- 
w.uid,!., and 177 Siindeis Ud , Bullalo, N Y 
HONNKLL, Harold (A/ ltM.5), Ite and hsti- 
matoi (lot mad), Notau ICnguim mg Co , Real 
llbl IHtUSt N,W , Wiisluiirlon, I> C 
HONNKLL, Richard P. (A/ lOKi), Mgr, Capitol 
Testing Lab (loi miUl), H S Radiator C'orp , 
10.5(( National Bank Bldg, and 2070 Butlingame, 


Did roll, Mali 

HONNBK, Raymond M (A/ 10.51), Diicctor (tor 
mail), Ament an H.is Association Testing Laboia; 
tout's, 10.12 h^ast (52ntl St , Cleveland, and 271 
Katt 21«lU St , ICuelid, Ohio , ^ 

HONRAI), Roy (A/ 11M5), Regional Sales Engi. 
(ioi mad), kelvimitoi ('oip , 708 Sliaron Bldg, 
55 New Montj'omeiy St, and 1078 17th Ave, 
S,in liamlseo, Callt, , ^ , 

HONSTANT, Bail S. (J 10, )5), Air Cond Sales 
ICngi , Tom Dol.in Heating Co, Inc, 014 W 
Gland, and (Itu mail), 1210 N Virgima Ave, 
t)klahoma t'lty, Okla. 

HOOK, Benjamin F i^r 1020), ConsulUng Engr. 
(toi mad), 114 W lenthSt Bldg, Kansas City, 
aiul 1720 Overton Ave , Independence, Mo 

HOOK, Harris R ( I lO.’i.')), Dist Mffr (tor imiO, 
Aniencan htmndiy & Furnace Co , 2218 N 
Third St , and 2825 North .50tU bt , Milwaukee, 
WlM, 

HOOK, Ralph P (A/ 1080), Asst Supt , Engrg. 
and Maintenance Dept mdmxgeof Knwrg Div , 
Kastman Kodak ('o (lor mad), Kodak Park 
Works, Sind 0(>8 Seneca P.irkway, Rochester, 

<R)<)MBB, James ( I 1082), Vico-Pres (for mad), 
Wdham Powell Ct> , 2.525 Spnnfi Grove Ave . and 
23(>,8 Chandin Rd . Cincinnati, Oluo. 

COON, Thurlow E. (A/ lOljd. /for 
(’oon-DeVisbCi Co , Inc , 2051 W. Lafayette, and 
82(1 Edison Ave., Detroit, Mich. 

COOPER, Albert W. (itf B«mch Mgr. (for 
mad), Johnson Service Co , 153 W Ave 34. 
1-08 Angeles, and 2014 Ilermosita Dnve, Glenr 

ctop’er; John w. at lOM, Aim, Jim). 

Repr. (for mad), Bu^lo Forge Co , 1^6 Ar»de 
Bldg , St 1-ouiB, and 312 E. Big Bend Rd , 
Webster Groves, Mo 


COOPER, Tom E (S 1930), 300 West 50th St , 
MinneaTxihs, Minn 

COPPERUD, Edmund R (J 193.3), Asst Mgr 
(for mail), Minneapolis Plumbing Co , 1420 
Nicollet Ave , and 4110 Nicollet Ave , Minne- 
apuhb, Mmn 

COREY, George R. (M 1930), 1173 Boulevard, 
Wcht llartford, Conn 

CORNELL, J. Clarence (1 19.30), Checker 
(MeUiamcal), 12 South 12th St , and (for mail), 
2828 W Allegliany Ave , Philadelphia, Pa 
CORNISH, Donald F (7 1930), Consulting Engr , 
Dominion Heating Specialty Clo , and (for mail), 
95 Dinmck Cres , Toronto, Ont , Canada 
CORNWALL, Charles C. (J 1035), Research 
Engr , Bahnson Co , 1001 S Marshall St , and 
(ior mad), 473 Carolina Circle, Winston-Salem, 
N C' 

CORNWALL, George I. (A/ 1919), Salesman (for 
mad), Burnham Boiler Corp , 701 Spnng St , and 
638 Madison Ave , Elizabeth, N J 
CORRAO. Joseph (A 1930, J 10;33), Engr , 851- 
31st Ave, San Francisco, Calit 
CORRIGAN, James A. (7 1935, 5 1930), Engi 
(for mad), Corrigan Co, 2501 St Louis Ave, 
and 6180 McPherson, St Louis, Mo 
COTTER, Robert P. (5 193.5), Carrier Air Cond 
Engr , Martin Wnght Electric Co , 1001 Navarro 
St , and (for mad), 935 W Summit Ave , San 
Antonio, Texas 

COVER, Richard R L4 19.36), Camer Corp . 301 
Tower Bldg, and (for mad), 1302 Gallatin St 
N W . Washington, D C 

COWARD, Charles W. (W 193.5), Pres (for 
mail), Cowatd Engineering Co , 413 Cooper St , 
Camden, and 812 Lincoln Ave , Palmsna, N J 
COX, Harrison F. (4 1930), Htg and Air Cond , 
243 Can oil St , Paterson, N J 
COX, Thomas M., Jr. (7 19.37), Sales Engr , 
Neal & Mabsy Engincenng Co , Ltd , Port of 
Spam, Tnmdad, B W I _ 

COX, William W (M 1923), P^-Mgr (for 
mad), Heating Service Co , 326 Columbia St , 
and 0232-31st Ave N E , Seattle, Wash 
CRANSTON, William B., Jr. (A/ 1931), 2821 
E Pico bt , Los Angeles, Calif 
CRAWFORD, John H , Jr (A 1936, 7 19.30), Air 
Cond Engr , Hitchen Engineermg Co , 441 Lex- 
ington Ave , New York, N Y , and (for mail), 
133 Lincoln Ave , Orange, N J 
CRICHTON, Howard C {3 1936), 769 Beaver 
Ave , Midland, Pa 

GRIOUI» Albert A." (A/ 1910), Chief Engr., 
Htg and Vtg Dept , Buffalo Forge Co , 490 
Broadway, and (for mail), 250 Blaine Ave , 
Buffalo, N. Y 

CRONE, Charles E , Jr. (A7 1922), Secy-Treas 
(for mail), Wendt & Crone Co , 2124 N South- 
port Ave , and 1320 N. State St , Chicago, 111. 
CRONE, TTiomas E. (Life Member, A/ 1920), 
Salesman, W A Russell & Co , Grand Cent^ 
Terminal Bldg , New York, and (for mad), 480 
Mux ray St , Pelham Manor, N Y 
CROSBY, Edward L. (A^ 1036), Pres (tor mail). 
Henry Adams, Inc , Consulting Engrs , 1263-69 
Calvert Bldg, and 6811 Merville Ave, Balti- 
more, Md 

CROSS, Freeman G. {M 1936), Sales Mgr (for 
mad), Fulton Sylphon Co , 19 Rector bt , New 
York, and 102 Ascan Ave , Forest Hills, L. I , 
N. Y 

GROSS, Robert E. (A 1931), 95 State St , Spring- 
field, Mass. 

GUCCI, Victor J. {M 1930), Consulting En^ (for 
mail), 347 Madison Ave , New York, and 451- 
55th St , Brooklyn, N Y 

GULBERT, William P. (A 1929), Secy (for mail), 
CulbertrWhitby Co , Inc , 2019 Rittenhouae St., 
Philadelphia, and 929 Alexander Ave, Drexel 
Hill, Pa. 

CULLEN. Augustine G. (4 1936), Prw (for 
mad), Cullen, Inc , 418 Flonda Ave N E , and 
1301 Maasa^usetts Ave N W , Washington, 
D. C. 
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GUMMING, Ford J (M 1936). Pres f for mail). 
Beecber-Cumming, Inc , 820 Second Ave S , and 
2628 Garfield Ave S , Minneapolis. Minn 
GUMMING, Robert W. (M 1928). Engr-.^les 
E\ecutive. Sarco Co , Inc , 183 Madison Ave , 
New York, and (for mail), 81 Alkamont Ave , 
Siarsdale, NY , .r 

GUMMINGS, Garl H. (A 1927, J 1926). Mgr (for 
mail) , Industrial Appliance Co of New England, 
250 Stuart St , Boston, and 41 Edgehill Rd , 
Chestnut Hill, Mass 

GUMMINGS, G. J (M 1923), Mgr (for mail). 
The Scott Co , 113 Tenth St , and 2001 Hoover 
Ave , Oakland, Calif 

CUMMINS, George H. (M 1919). Dist Mgr 

g br mail), Aerofin Corp , 616 Umted Artist s 
Idg , and 17376 Wisconsin Ave , Detroit, Mich 
CUNNINGHAM, John S. (J 1937, 5 193o). 5052 
S Ellis, Chicago, 111 

CUNNINGHi^, Thomas M. (M 1931, J 1930), 
Production Mgr , Carrier Corp , 180 N Michigan 
Ave , Chicago, 111 

CURRIE, Francis J. (A 1935). Prop , Plbg -Htg 
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ELWOOl), Willis II. (A/ 1030), Branch Mgr, 
liollaiicl iMiiiuce I'o ,200 King St., Ithac^i, N Y 
EMERSON, Ralpli R. (AI P)->2), Pies . Emerson 
Swan (loodyei t'o, 110 Arlington St , Uoston, 
.iml (loi mad), II Whitney Rd , NewtoiiviUe, 
Mass 

EMERk, (Jordon W. (t 1035). Sc'ivicc lingr, 
II II Van Sum, Ine, 100 Mooie St, llnckcn- 
«.uk, and (loi nmil), 05 Huk St . Rochelle Park, 
N. J 

EMMEKl', Luther I). (M 1010), Rem (tor mad), 
Bull.do lunge t'o, Room 1000, 20 N Wacker 
Dnve, ('hic^igo, and 1701 llimnan Ave , Kvana- 
ton, 111. 

EMMONS, Neal L {J 103(i; S 1031), 1100 East 
10th, Oklahoitui t'itv, Okla 
EMSWILER, John iU (M 1017), Piol ot Mech 
Itnguc (toi mad), Umveisity ot Michigan, 231 
W, ICngig. Bldg., iind 1303 Granger Ave , Ann 
Aihor, Mieh, ^ . 

EN<;EL, EUwaxtl (J 103, i), Chit‘f Engrg Diatta- 
num tloi iu.ui), U S. Navy Yaid, Hull Div., and 
21)08 Noith 30th St , Plnladelphm, Pa 
EN(;LE, Alfred (A 1023), iaocy (toi mad), Jenkins 
Bros , 80 White St . New York, and 1 Edgewood 
Kd , Scatsdale, N. Y. ^ ^ 

EN<;LISU, Harrow (A/ 1035, A 1930), P^. (for 
nmil), ICnghsh ik Uiuci, Inc , 300 West li^ St , 
uml 201 S Irving Blvd , l^s Angeles, Cabf. 
£NSI(;N, WiUia A (A/ 1035), Vice-Pres , Frontier 
Fuel Od C'oxp., 080 KlhcoU Sciuaie Bldg, 
Biilialo, and (toi mad), Reveic Drive, Derby, 

EIH>LE‘, Arnot B. (J 1034), Sales Engr , B, F 
Stuitevant ('o , 812 Mielngun Theatre Bldg , 
Detroit, Midi. , « 

ERICKSON, E. Vincent (M 1930), Sales En^w. 
(lor mail), Currier- Biunswick International, 8o0 
FxclmKlmyscn Ave , Newark, and 803 Coloma 
Rd., Eh/abeth, N J ^ « 

ERICKSON, Harry U (I 1920) Dist. Mgr (for 
mad), (Jeneial Fittings Co , 8(Jt ArclutMts Bldg., 
and 217 W. Tulpchocken St , Philadelphia, Pa 
ERICKSON, Martin E. (A 1<)20), Supt , Main- 
tenance, Board ot Education, and (for mail), 
1533 South 74tU St , West Allis, Wis, 
ERICSSON, Eric B. (Af 
Education, and (tor mail), 005 West 116th St , 

BRISMSSr"WciTal II., Jr. 

Engr , Washington 

St. N W , and (for mail). 3201-18th St N W.. 
Washington, DC. v r, j a 

ERRATH, Bdwwd O. (/ W36). Htg. and 
Cond. Engl, (for mail), Heil Co, ^000 W 
Montana bt, and 2640 North 46th St, Mil- 
waukee, Wis 


ESCllENBAGH, Samuel IP. (/ 1035), &les Engr , 
American Blower Corp , Builders E'cchange, 135 
Spring St , Rochester, N Y 
ESKIN, Samuel G. (A 1930), Engr in charge of 
Development and Design (for mail), Amencan 
Thermometer Co , 2017 Clark Ave , St Louis, 
and ()1<) Westwood Drive, Clayton, Mo 
ESTEP, Leslie G (M" 1036), Engr in charge of 
Kelvin House, Kelvinator Corp , 142.'50 Ply- 
mouth Rd , and (for mail), 14909 Marlowe 
Ave , Detroit, Mich 

ESTES, Edwin C. (A 1936), Mech Draftsman (for 
mad). Railroad Transportation, Room 820, 
Northern Paahe Railway Bldg , and 1758 
Stantoid Ave , St Paul, Minn 
ETLINGER, J. Martin (J 1936), 2564 Creston 
Ave , New Yoik, N^ Y 

EVANS, Edwin C. (M 1919), B F Sturtevant 
Co . Inc . 501 Eckel Bldg , Syracuse. N Y 
EVELETII, Charles F.* (M 1911), 2030 East 
lir>th St , Cleveland, Ohio 
EVEREST, R. Harry (M 1935), Sales Engr, 
Sheldons, Ltd , C^R» and (for mail), 235 Water- 
loo St , Pieston. Ont . Canada 
EVERETTS, John, Jr •* (A 1935, J 1929), Engr 
(for mail), Air & Refng^tion Corp . 11 West 
42nd St New York, N Y , and 55 Sound Beach 

Ave, Old Greenwich. Conn ^ ^ 

EVLETII, Everett B. (A 1027), Res Vice-Pres. 
(tor mail). Minneapdiis-Honeywell Regu^tetor 
Co , 43 E Ohio St , Chicago, and 1023 Ashland 
Ave , Wilmette, HI 


FABER, Dr. Oscar (Af 1934). Consulting Engr 
(for mad), Romney House, Marsham St, 
Westminster, London and Hayes Court, Kenley, 

FAGInT'i^W. 1032). Htg Enp , Udede 

Gas Ught Co.. 1017 Ohve St . and (tor mail). 
1.U4 Woodruff Ave , St Louis, Mo 
FAHNESTOCK, Maurice K.* (M 192^, Research 
Asst Prof (for mail), Umveraty otf Ulmois. 214 
M E Laboratory, and 701 W California St. 

FAulB,°*Edw^rd H. {M 1934), Desigmng and 
Construction Ei^ (for 
New York, N Y , and R F D. 1, Westport, 

FiaTONBACHER. Hmy J. (Jf IMO), Pres. 
H J. Faltenbachcr, Inc, 236 E. Wiater St, 

FjS?VE^‘jSh«fl>- (J£ W22). Consulhng Enff , 
310 N. Eighth St . St Louii and (for mail), 
6036 Perahme Ave , University City, Mo 
FAMILETO^A. Robert (7 1930). Chief Engrg 
Draftsman. Industnal Dept , l^vy Yard, and 
(for mail) 6735 Guyer Ave , Philadelphia, Pa 
FtiMER. tiSI M. (J 1986). En^. Nattan & 
Co , 1800 Baltimore, and (for mail), 3714 Flora, 

FA^BMAN^^tewafltrd X. (J 1935). Assoc Engr. 

West 69th St , anef 817 West End 
Aw. M.W Vork. N Y 

FARBMAN. Saul M. (S 1933), (for 5327 

Fifth Ave , Pittsb^*, Pa , and 817 West End 

120 S Union St . and 

_ .(L“H¥l)a 2“ 


Buffalo Forge Co-. P M.. 

don Place, Buffa^»J^ /a igoa. t iqqi\ 
farnsiWORTH John G. (A 1936, J 193U, Gas 
H^sVHtg Eigr (for ihail). Central Blmoia 
LiSht Co !’316 S.^efferBon St., and 216 Dechman 

Wi^Av^rasri’te 

Place, Buffalo, N Y 
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FATZ, Joseph L. QI 1935), Htg-Vtg Engr (for 
mail), Boaid ot Education, 228 N LaSalle St, 
Room 530. and lt»34 N Mason Ave , Chicago, 111 
FAULKNER, Gordon (5 1935), 1116 \V Cali- 
fornia St , Urbana, 111 

FAUST Frank H *• (3/ 1936, J 19301, Air Cond 
Dept Uor mail), General Electnc Co , 5 Laurence 
St , Bloomfield, and 202 Vreeland Ave , Nutley, 
N J 

FAY, Donald P. (S 1936), 91-38-115th St. 

Richmond Hill, L I , N Y 
FAY Frank C. CVi 1925), Engr (for mail), 
Raisler Heating Co , 129-31 Amsterdam Ave , 
New York, and 9217-54th Ave , Elmhurst, 
L 1 , N y 

FEBREY, Ernest J. (M 1903), E J Febrey & Co 
(for mail), CIG New York Ave N W , and 2331 
Cathedral Ave N W , Washington, D C 
FEEHAN, John B (A/ 1923), Pres-Treas (for 
mail), John B Feehan, Inc. 471 Umon St, 
Lynn, and 4 Ocean View Dnve, Marblehead, 


FEELY, Frank J. (M 1933, A 1929), Mgr of 
Sales, Taylor Supply Co , 700 Monroe Ave , 
Detroit, and (for mail), 950 Trombley Rd , 
Grosse Pomte Park, Mich 
FEHLIG, John B. (Ltfe Member, M 1918), Pres 

g or mail). Excelsior Heating Supply Co , 528 
elaware St , and 2927 Brooklyn Ave . Kansas 
City, Mo 

FEINBERG, Emanuel (J 1937), Dist Sales Engr 
^or mail), llg Electnc Ventilating Co , 415 
Brainard, and 2936 Tuxedo Ave , Detroit, Mich 
FELDMAN, A. M.* (Li/s Member, M 1903), 
Consultmg Engr , 40 West 77th St , New York. 
N Y. 


FELS, Arthur B. (Af 1919), Pres (for mail). The 
Pels Co , 42 Union St., Poland and Gilman St , 
Yarmouth, Maine 

FELTWELL, Robert H. (M 1906), Htg Engr , 
U. S, Radiator Corp , 2321 Fourth St N E , and 
(for mail), 1370 Oak St N W , Washington. D C 
FENNER. Everett M. (M 1936, A 1928), Chief 
Engr (for mail), Staples Coal Co , 92 Pleasant 
St , Fall River, Mass., and 719 Pontiac Ave , 
Cranston, R 1. 

FENNER, N. Paul (A 1928), John G Kelly, Inc , 
210 East 46th St , New York, N Y 
FENSTERMAKER, Sidney E. (M 1909), Pres 
(for mail), S E Fenatermaker & Co, 937 
Architects and Builders Bldg , and 3102 Wash- 
ington Blvd , Indianapolis, Ind 
FERGESTAD, Marvin L, (J 1935), Sales Engr 
(for mail), Insulite Co , 607 Second Ave S , and 
3509 S Colfax Ave , Mmneapoha, Minn 
FERGUSON, Ralph R. (M 1934, A 1927, 
J 1925), Mgr Air Cond Dept , Amencan Blower 
Corp , 40 West 40th St , New York, N Y , and 
(for mail) , 160 Prospect St , East Orange, N J 
FICNERSKI, Paul (J 1936; 5 1935), 2922 Allen 
Ave , Chicago, 111 

FIDELIUS, Walter R (M 1936), Sales Engr , 
Fitzgibbons Boiler Co, Inc, 101 Park Ave, 
New York, and (lor mail), 135 Amersfort Place, 
Brooklyn, N Y. 

FIEDUER, Harry W. (Af 1923). Pres (for mail). 
Air Conditioning Utilities, Inc , S West 40th St , 
New York, and 77 Hillside Ave , Mt Vernon, 
N y. 

FIFE, G. Donald (A 1931; J 1929), Air Cond 
Engr., Architect of the Capitol, and (for mail), 
3221 Connecticut Ave , Washington, D C. 
FIGGIS, Thomas G. {J 1936), Mgr , Air Cond 
and Refrigeration Dept, (for mail), Malcolm & 
Wayfoong House, Shanghai, China, 
and 27 Lovelace Rd , Surbiton, Surrey, England 
FOLO, Fank B. U 1934), Dist Mgr . Mmne- 
apolis-Honeywell Regulator Co , 2831 Olive St , 
St Louis, and (for mail), 262 E. Big Bend Rd , 
Webster (Proves, Mo 


FINAN, James J. (M 1923), Supervising Engr , 
Education, 228 N LaSalle St , Room 
^0, and (for mail), 7149 Euclid Ave , Chicago, 


FINERAN, Edward V (J Vhir,), Asst Engr, 
Washington Gas Light Co , 411 loiitli St N W , 
Washington, D C, and (lor mail), 821 Dale 
Drive, Siher Spiing, Md 

FIRESTONE, James F ( I I92r>, / 191 1), Excc 
Vice-Pres , Round Oak Co , Dowagiac, Midi 
FISHER, John T. (J 1930), An Cond ICngr , 
National Electnc*il bupply Co , l.‘J28 Now \oik 
Ave N W , and (ior mail), 3228 Hittcnhoubc ht 
N W , Washington. D C 

FITCH, Howard M. (7 1930), .Sales l^ngi , 
Amencan Air Filtoi Co , ‘215 C cntial Ave , anil 
(lor mail), 201 Clare *\m‘ , Louisville, Ky 
FITTS, Charles D (M 1‘)‘20). lhaiidi Mgr ((oi 
mail), Amencan iCidiator Co , (»92 JVioi Ave , 
St Paul, and 2807 Dean Hlvd , Minneapolis, 
Minn 

FITTS, Joseph C (M 19,10), Secy , Heating, 
Piping & Air Conditioning ('ontiactors National 
Association, 32.'JO Sivth Ave , New Yoik, N Y., 
and (for mail), 216 Kenilwoith Rd , Ridgewood, 

FITZGERALD, Matthew J (M lOlU), Seev- 
Treas , Standard Asbcbtos Mfg ('o , 820 VV 
Lake St , Chicago, and (fox mail), 1117 N 
Linden Ave , Oak Park, 111, 

FITZGERALD, WiHiam E (J 19.36; 5 1935), 
Engr , FiUgcrald Plumbing & Heating Co , Inc , 
939-41 Louisiana Ave , and (for mail), 210 Vine 
St , Shreveport, La 

FITZSIMONS, J Patrick (7 1031. .9 19,32), Air 
Cond Engr (for mail), Trane C'o ol (^anada, 
Ltd , 439 King St, W , and ()!(> Spadimi Ave , 
Toronto, Canada 

FLARSHEIM, Clarence A (7 1933), C. A 
Flarsheim, Inc , 515 liusmcis Mens Assurance 
Bldg (ior mail), P O Box .56, and .3720 Hi)luu*b 
St , Kansas City, Mo 

FLEISHER, Walter L.»' (M 1910, C’onsulLmg 
Engr (for mail), 11 West ‘12nd St , New York, 
and New City, N Y 

FLEMING, James P. (M 1033), ICngr -('ustodian. 
Board of Education, .5015 N Kimhill Ave , 
Chicago, 111 

FLEMING, Thomas F. (7 19,16, S 193,5), K.ifetv 
Engr, Liberty Mutual Innuranee (\> , 122 N. 
Seventh St, St Louis, Mo, and (lor mail), 
7004 Eggleston Ave , Chicago, III, 

FLINK, cSirl H. (M 192,3), Directoz of Reseat eh 
(for mail), Amcnc*m Gas Products ('oip , 108 
^st 111th St, New York, and 74 Biooksidc 
Ave , Mt Veinon, N Y 

FUNN, Georjle S. (7 1936), Chief iMigt , Mc- 
Gregors, Inc, 680 Umon Ave, and (for m,iil), 
100 N Avalon, Memphis, Tenn 

(for mail), 

H B Smith Co , 040 Mam St , Cambridge, and 

^56 Brantwood Rd , Ailinji^ton, Mass 

FLOYD, Morris (AI 19, ‘13), Viee-Ptcs,, h'lovd- 
Gerdsen Coip., 620 Broadwav, and (fox mail). 
Fourth St , Cincinnati, Ohio 
FLYNN, Frank J. (A/ 1936), Secy.-rieas, 
Missoun Water & Steam Supply Co., 816-20 
Sixth St, and (for mail), 020 RidenbaugU bt , 
St Joseph, Mo, 

FOGARTY, Orville A. (A/ 1934), Kngt , Rivera 
&lvage Co, Ltd, 221.5 St James .St W., 
Montreal, and (ior mad), Rigaud, (Jue , Canada 
FOLLETl', Thomas L. (S 1936), 10900 Euclid 
Ave .Cleveland, and (foi mail), 110 Streetsboro 
St.. Hudson, Ohio 

FOOTE, Earle E (Af 1036), Chief Engr , Con- 
sumers Central Heating Co , 108 East llth St , 
and (for mail), 3-112 Notth 28th St., Tacoma, 
Wasli 

FORD, Edw^d F. ( 1 10.37), Sales Repi (for mail). 
Radiator Co, 1344 Broadway, and 
207o W Chicago, Detroit, Mich 
FORFAR, Donald M. (A/ 1017), Mech Engr , 
Gnrmell Co , Inc , 240 Seventh Ave, S , and (toi 
mail), 4817 Emerson Ave, S„ Minneapolis, Minn 
FORRESTER. Norman J. (A 1936), Chief 
EsUmator, Garth Co , 750 Belair Ave , Monti 
and (for mail), 61 Northview Ave., Montreal W , 
Que , Canada 
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rOKSK^RC^ wniiiim (-U riopbon & 

CMi.iiuii Ml>; C'o, -.Jl St, New London, 

('itnn 

FORSLIINI), Ohvoi A fU VKiOi, Gon Mm, 
I'oi .luntl I’uitip \ M uliMHMV Go , 1717-10 Main 
St, and (loi mill), 111)*) VVett 7r)th Terraco, 
Kan-«is t'llv, Mo 

FOSS, luh\ln R ( 1 Ill'll >1, Soul hem Mpr (lor 
mad), I'nwori l<o"ul,it«»t <'o, '>l)*» lioiu Mien 
Uhh' , 'and -a7 Ilollmi* Ud N IC , \tlanta, <'»a 

FOS'I'FR, (Jhailcs {M !*l2d), ('onsultiUR Lnjji 
(loi m.id), oOS S4*ll\Nood Illdn . and 2811 L First 
St . Duluth, Minn 

FOS'l’FR, Jiinios M (-1/ l‘).*l(), 1 1020), Ownct (for 
mad), n2h Dhvo St , St Louib, and 7021 Lmdcll 
Wo, nmv(Msit\ C'ltv, Mo 


FOwSl’KR, 'I'illmnn R (d iD.lli, f lll.'lO), Camei 
Gtuii, ISO N Midinjan Ave , Clucafjo, 111 

FOULDS, F. A. L. (A/ l*)ll)), ('onaultini? Enm (for 
mad), 011u<* ol llollis Froiidi, 210 South St. 
Boston, and 72 Whitin Ave, Kcveic, Mass 

FOWLRS, Harry II (J IDJlO, IltK-Vtg Enm 
(loi mad), t'atman-riiompsoiiGo , 12-11 Lincoln 
St , and ‘17 Sumtiiei St , I^wiston, Maine 

FOX, Falwaid L. (7 l‘)dtl). 7in Sanfoid St., 
Peoria, 111 

FOX. Kmest (.1/ 1085), Asst to En«r. C A 
Dunham t'o , Ltd, ir)2;i Davenport Rd., and 
(loi mad), Ml Westmouiit Avc., Toronto, Ont. 
('amula 

FOX, John II, (A/ IDSa), S,il<*s Enm (tor mail), 
Minneapolih- Honeywell RcHulatoi C'o , Ltd , 117 
IVtei St , and 27 Maedoncll Avc , Toronto, 
('anad.i. 

FRAMP'rON, Alfred (1. (S lOSl), 021 N Colum- 
l)ui Rd , Tulsa, DUa 

FRANCK, Clarence N. (A lOHh), Service Msr 
(foi mad), ('olouial Fuel Od, Inc , 170*1 Dc Sales 
wSt. N.W, and 201 ClumunK St NE, Wash- 

prank; John M (A/ 101«. .1 tig Elcctiic 
VentiUtinK C'o , 28r)0 N Citiwford Ave., Chicago, 


FRANK, Olivo K.'i* (M 11)10), Pres (loi mail), 
h'lank Enjnueeiing (N) , 11 Piuk Place, and 6X0 
Went 1 lOtU St , New Yoi k, N Y 
FRANKKL, CUbert S (A/ 1<)2(»), Mgr (fp/mad), 
Hullalo Forge ('o , 820^21 Woodward Bldg, and 
27'B) Macomb vSl NAY , Washington, D C 
FRANKLIN, Ralph S (Af IHID), Prca-Tieaa (for 
mad), Albeit B. Fiaiiklin, Inc , 28 Cliauncy bt , 
Boston, and 220 (hove St, Melrobc, Mass 
FRASER, James J. (d 1026), Dist Mgr (for 
mail), Minneapolis-Uoneywell Regulator Lo , 
027 C'ttug St W , and 4814 Melrose Ave , Mon- 
treal, P, Q , C'amida ^ 

FKA/dlCR, J. Karl (.1 1<)2I>), ye(y,-Treas (for 
mail), vSimplev ICnginwiing Co . W,i8hinfifon 
Tiuht Bldg, and 417 R Beau St, Washington, 
Pa 

FRKAS, Royal B ,(A'/ i™, AAce-Prea , 
Theiiiio iqectric C'o, 1750 N .Spnnghdd Avc. 
C'huMgo, III , and (lor mail), Schodack Landing. 

FRiiBMAN, John C, (J 1036), Engr., 8103 
Blackburn Ave , Los Angeles, Calit 
FRBITAG, Frc^dcric G. \?32), Chief Engr. 
Sylvestre Oil Co , Inc , 703 S Cdumbus Ave . 
.md (lor mail), 0 Harrison St., Mt Vernon, N Y. 
FRENCH, Donald (Af 1926), Vicc-Prcs (for mail), 
('unicr ('orp., 850 IfrcUnj^uyadn Aye.. Newark, 
and 45 Waldon Ave , Summit, N. J 
FRBNTXKL, Hotn^ G. 
lingr., Htg and Water Systems Diva., The 
Co , 2000 W. Montana St., and (for mail), 4363 
N. Wildwood Avc , Milwaukee, Wis 
FRBY, CJoorfto O. (J 1034). Engr . Const Dept 
dm mail), Warner Bros. Theatres, Inc ,321 
West 44th St., New York, and 221 Linden Blvd., 

FRIEoJ^JferSdV (A W3.5),^rCoud Sp^aliat 
dm intul), Birmingliam Electric Co, 2100 N 
lOiat Ave., and 1585 Diuid Hill Drive, Birming- 


ham. Al.i 


FRIEDMAN, Arthui (A 1030), Pres (for mail), 
\ir Controlfa, Inc , 1923 West 114th St , Cleve- 
land, and 15700 S Moreland Blvd, Shaker 
IleightwS, Ohio 

FRIEDMAN, 1) Harry, Jr. (M 1930), Engr (for 
mail). Peoples Water ik Gas Co , 627 Washington 
Ave , and W'est 58th bt , Miami Beach, Fla 

FRIEDMAN, Ferdinand J.' (A/ i‘)2l). Consult- 
ing Engl , McDuugall & Friedman, 1221 Osborne 
St , Monti eal, Que , Canada 

FRIEDMAN, Milton (J 1035, S 1933), 470 West 
End Ave , New York, N Y 

FRIMET, Maurice (J ]<)2b). Pres -Owner, Ace 
Refrigerating Co , 1)2 Sherman Ave , and (for 
mail), 28 Oxfoid Place, TompkmsMlle, b I , 
N Y 

FRISSE, John L. (5 1935), 5538 Forbes St. 
Pittsburgh, Pd 

FRITZ, Charles V (J 1936; 5 1933), Designer 
and Estimator, Clias F Fntz (for mail), 67 W 
Mernck Rd , and 20 Cottage Court, Freeport, 
N Y 

FRITZBERG.L H (A 1036, / 1931), Asst Mgr. 
Extended Surface Dept (for mail), B F Sturte- 
vant Co , Hyde Park, and 1338 River St , Hyde 
Park, Boston, Mass 

FUKUI, Kunitaro (Af 1926). Auditor (for mail). 
Oriental Carner Engrg Co , Ltd , Osaka Mitsm 
Bldg, Nakanoshima, Osaka, Japan 

FUIXER, James H. (5 1936), 304 E Mam St , 
Frankfoit, N Y , and (for mail), 1310 Chase 
Ave , Lakewood, Ohio 

G 


GALE, Hamilton A. (J 1036). Soles Engr. 
Hudson Air Conditioning Corp , 1517 Con- 
necticut Ave , Washington, D C . and (for mail), 
Murray Hill, Ann^olis, Md 
GALLAGHER, Paul (S 1035), 1209 S«th St . 
Peru, and (for mail), 902 W California, Urbana, 

G^LIGAN, Andrew B. (M 1931), 716 South 
.'list St t Philadelphia, Pa 
GALLOWAY, James F. (S 1934), 176 Clarkson 
Ave , Brooklyn, NY _ ^ 

GAMBLE, Gary B. (A 1035), Consulting Engr. 
(tor mail), Leo S Weil & waiter B Moses, 427 
S Peters St , and 732 St Peter St., New Orleans, 
La 

GAMMILL, Oscar E., Jr (J 1930), Sales Engr. 
(for mail). Carrier Corp , 1416 Hibernia Bank 
Bldg , and 2183 Calhoun St , New Orleans, La 
GANl', H. P.i* (Af 1915), (PresiderUtal Member)^ 
(Pres , 1023; 1st Vice-Pres . 1922, 2nd Vice- 
Pres, 1921, Counal, 1918-1924), Vice-Pres (for 
mail), Carrier Corp , 12 South 12th St , Philar 
delphia, and R D 1, Glen Moore, Pa 
GARDNER, S. Franklin (Af 191D, gw 
mail), Standard Engrg Co , 2129 Eye St N W , 
and 4901 Hillbrook Lane, Washington^ D. C 
GARDNER, William (A 1921), Vice-Pres. (for 
mail), Garden City Fan Co., 1842 McCormick 
Bldg , and 7836 Loomis Blvd,, Chicago, 111 
GARNEAU, Leo (J 1930). Repr , C: A Dunjmm 
Co , Ltd , Room 743 Dominion Square Bldg , 
and (for mail), 2541 Maplewood Ave., Apt 2, 
Montreal. P Q , Canada 

GARNETT, Ralph E. (A 1936), Sales Engr (for 
mail), Standard Asbestos Mfg. & Insulating Co , 
10 N Ohve St., and 3114 Benton Blvd., Kansas 

GATiSs, Robert A. (Af 1936), Sole Owner, Gates 
Engineenng Co , 510-77 Sheet St., and (for mail), 
248 Bay 38th St , Brooklyn, NY 
GAULEY, Ernest R, (A lOS^. S^esman (for 
mail), W H Cunmngham & Hill, Ltd , 269-71 
Richmond St W., and 110 Lee Ave , Toronto, 

GACJLT. Georfte W. (S 1934), Firestone Tire & 
Rubbi Co. and (for mad). 200 Cole Ave, 
Akron, Ohio. 

GAUSMAN, Carl E. (Af 1923). Consulting Engr , 
Gausman & Moore, 1626 First Nation^ Bank 
Bldg E , and (for mad), 2360 Chilcombe Ave, 
St Paul, Minn 
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GAWTHROP, Fred H. (A/ 1919), Pres . Gawthrop 
& Bro Co , 703 Orange St , and (for mail), 2211 
Shallcross Ave , Wilmington, Del 
GAY, Lewis M. (.4 1934), Power Engr (for mail), 
Texas Power & Light Co , Box 962, Dallas, and 
806 First Ave , Terrell, Texas 
GAYLOR, William S. (A/ 1919), Vice-Pres . 
Flameking Co , Inc , 450 North Ave , New 
Rochelle, and (for mail), 6 West Ave , Larch- 
mont, N Y 

GAYLORD, Frank H {M 1921), Western Sales 
Mgr (tor mail), Hoffman Specialty Co , Inc , 
130 N Wells St , Chicago, and 362 N York, St , 
Elmhurst, 111 

GEIGER, Irvm H (A/ 1919), Registered Prof 
Engr and Mfrs Repr (for mail), 319 Telegraph 
Bldg (P 0 B 83), and 240 Maclay St , Hams- 
burg. Pa 

GEISSBUHLER, John O. (J 1936, S 1934). 
Student Engr , General Electric Co , Glass 
Machine, 1133 East lo2nd St , and (for mail), 
9820 Zimmer Ave , Cleveland, Ohio 
GELB, Amiel (S 1935), 1042 Irvmg Ave N , 
Minneapolis, Minn 

GELTZ, Ralph W. (J 1936), Air Cond Engr . 
York Ice Machinery Corp , 2700 Washington 
Ave N W , and (for mail), 2541 Abington Rd , 
Cleveland, Ohio 

GEMMILL, Robert A. (A 1935), Mgr , Norge Oil 
Burner Div , Tnlling & Montague, 2409 Walnut 
St , and (for mail), 4710 Locust St , Philadelphia, 
Pa 

GERMAIN, Oscar (M 1935), Foreman, Ger tmi n 
& Frere, Ltd , 237 St Antonie St , and (for mail), 
1343 Blvd St Louis, Three Rivers, P Q, 
Canada 

GERRISH, Grenville B. (A 1936, J 1930), Mgr 
(for mail), Fitzgibbons Boiler Co , Inc , 31 Mam 
St , Cambndge, and 89 Warwick Rd , Melrose 
Highlands, Mass 

GERRISH, Harry E. (M 1910), (Council, 1919), 
Partner (for mail), Morgan-Gemsh Co , 84 S 
Tenth St , 307 Essex Bldg , and 4534 Fremont S , 
Minneapolis, Minn 

GETSCHOW, Roy M. (Af 1919), Secy (for mail), 
Philhps-Getschow Co , 32 W Austin Ave , and 
1336 Arthur Ave , Chicago, 111 
GIANNINI, Mario C (Af 1935), Asst Prof of 
Mech Engrg , New York University, Umversity 
Heights, New York, and (for mail), 31 French 
Ridge, New Rochelle, N Y 
GIBBONS, Michael J. (Af 1914), Owner, M J. 
Gibbons Supply Co , 601-31 E Monument Ave , 
and (for mail), 22 Oxford Ave , Dayton, Ohio 
GIBBS, Edward W, (Atf 1919), Owner, The 
Smith-Gibbs Co (for mail), 201 S Mam St , and 
39 President Ave , Providence, R I 
GIBBS, Frank C, (Af 1921), Gen Supt (for mail). 
National Regulator Co , 2301 N Knox Ave , 
Chicago, and 150 N Cuyler Ave , Oak Park, III 
GI£S£^EkE, Frederick E.* (Af 1913), (Council. 
1932-1936), Director, Texas Engrg Experiment 
Station, Agncultuml and Mechamcal College, 
College Station, Texas 

GIFFORD, Clarence A. (A 1934), Salesman, 
American Radiator Co , 374 Delaware Ave , and 
^(for m^l), 758 Parkaide Ave, Buffalo, N Y 
GIFFORD, Robert L. {M 1908), Pies , Illinois 
Engineenng Co, 21st St and Racine Ave. 
Chicago, 111 , and (for mail), 1231 S El Molino 
Ave , Pasadena, Calif 

GIFFORD. William R (J 1936). Sales Engr , 
Amencan Radiator Co , Fourth and Chanmng 
Sts N E , Washington, D C , and (for mail). 
Box 295. College Park, Md ^ 

GIGUEI^. Gwrge H. (M 1920). Consulting 
• Detroit, Mich 

Alfred F. (Af 1936, J 1934), Owens- 
Illinois Glass Co . Alton, 111 
Gl^ES, J. C. (S 1935), 546 South Blvd • Norman, 
Okla 

GttFRIN, Geo^ F. (Jkf 1932), Oiiaas Arti- 
Edifiao “La Nacional” 
608, and Esplanada No 716 Lomas de Chaoul- 
tepec, Mexico, D F. 


I GILL, Enc F (A/ 1930), Chief Dr.iltsman, 
Drayton Regulator & Instrument Co , Ltd , and 
(for mail), 30 Warwick Rd , West Diayton, 
Middlesex, England 

GILL, John W (A 193(), S’ 1935), Hok 2)5. 
Waterloo, Iowa 

GILLE, lladar B. (A/ 1930), Consulting Engr , 
Hugo Theorells Ingeniorhbyra, Skoldimgagatan 
4, Stockholm, Sweden 

, GILLETT, M. C. (A/ 1916), Engr, Ilollman 
Specialty Co , 500 Fifth Ave , New Yoik, N Y , 
and (tor mail), 6600 Rising Sun A.vc, Phila- 
delphia. Pa 

GILLHAM, Walter E (Af 1917), (Treas . 1926- 
1929, Council, 192()-1929), Consulting lingi (for 
mail), 314 Intcr-btatc Bldg, and 3127 liellc- 
fontam Ave , Kansas City, Mo 
GILLING, William F. (/-//<■ Afirnbet ]93t, 
M 1933, A 1919), Asst Mgr , American Karliatoi 
Co, 127 Federal St, Boston, and (for mail), 
29 Abbott Rd , Wellesley Hills, Mass 
GILMAN, Franklin W. (Af 1935), Plant Engr 
(for mail), Atwater Kent Mtg C'o , 1700 Wis- 
sahickon Ave , and 514 W Coultei St , Phila- 
delphia. Pa 

GILMORE, Louis A {J 1935, S 1030), Vicc- 
Pres ffor mail), John Gilmore & Co , 1.3 N. 
Tenth St , and ()18() Wcstramstei Plato, St Louis, 
Mo 

Gl^MOUR, Alan B. (A 1932), Salesman, B F 
Gilmour Co , Inc , 152- list St , and (lor mail), 
543 East 18tli St , Brooklyn, N Y 
GINI, Aldo (A/ 1933), via C'orreggio 18, Milano, 
Italy 

GBNN, Tony M (A/ 1935), Gen Mgr (foi mail), 
Tony M Gmn Co , 211-21 bifth St S , and 608 
Sixth Ave S , Great Falls, Mont 
GITTLESON, Harold (I 193()), Sales Mgr, 
Lanyiere, Inc , 3715 St. Lawrence Blvd , and (lor 
mail), 1125 Lajoic Ave , Montreal, One , Canada 
(A 1925), Vite-Prt‘8 (Stove 
« Foundry Co, Ltd (lor mad), 

Box 1110, and Apt t-S, 1870 Cotc-des-Noiges 
_ Rd » Montreal, P Q , Canada 
GLASS, William (Af 1934), Mgr (lor mail), 
Pptndge-HaUiday, Ltd, MI Lombaid St, 
Winnipeg, and 190 Iliaemar Ave, Norwood. 
Mamtoba, Canada 

GLASSEY, J. Wilbur {M 1922), Partnei (for 
mail), Vapor Engineering Co , 10 South IHtlv St . 

Anlleigh St , ('hestnut 

Hill, Philadelphia, Pa 

GLEASW, Gilbert 11. (M 1<)23), Paitner (foi 
mail), Gilbert Howe Gleason Ik Co , 25 llunting- 
ton Ave . Boston, and 10 Edgclull Rd , Win- 
chester, Mass 

GLpRE, Ejrliw F. (A 1910). fl-I4 Rivereldf Dnve, 
New York, N Y 

GODDARD, William F (4 1936), Gov’t Repr. 

Radiator Co, Fourth and Chanmng 
JlOO-lOth St 

N W , Washington, D C, 

GOELZ, ^old H, (Af 1931), Pres.-Tmas (for 
^il), Kroeschell Engineering Co., 215 W 
Ontano St , Chicago, and 827 Greenwood Ave , 
Wilmette, 111 

GOENAGA, Rog^ C. (A/ 1931), Tech Duector, 
Ateliers Ventil (for mail), 109 Cours Gambetta, 
Lyon, and 33 Avenue Valioud-Stc-Koy-Iea-I.>yon, 
Rhone, France. 

GOERG, Bernhard (Af 1028), Director (for nuiil), 
American Radiator Co , 075 Bronx River Rd , 
Yoders, and 294 Bronxville Rd . Broiixville, 

1934), Pres, Electric 
Motors Corp , 108 Centre St , New York, and 
(for mail), 1311 E Seventh St , Biooklyn, N Y 
^^^DSCHMIDT. Otto B. (Af 1915). Consulting 
En^ (for roail), 22 East 40tli St , New York, 

N Y , and Greens Farms, Conn 
GOLDSMira, P. Wmius (M 1030), Pres (for 
* 321 E Wisconsin Ave . 
and 629 E Day Ave,, Milwaukee, Wis 
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<;(>MKKKS, Henry IJ {T tfe Kfonho, A 1001), 
Socv ICineiitiis, llcvitmt;, Pipms and An Con- 
(lituniinK C ontt utoib N.itional Absouutum, 12, '50 
Sivtli \\( , Now Yolk, N Y, and (toi mail), 
l(»() II.ilsU'cl St , Oranao, N J 
ClONZALKi^, Rafael A (A/ llM(i), Miji , Applica- 
tum 0t>* mail), Airtemp, Inc, Leo St, 

,111(1 027 vSiU'in \ve , Dayton, (3hio 
C;()<)1)MAN, Daniel J (S 10,i,5), 270 1 Filbiiry 
St , lOttsliiiiali. Pa 

(irOOIlRAM, William E (*l HWO), P,utner, 
(loodi.uii Hios , 8S king St W, Hamilton, and 
(loi 111, III), R I< 2, lieoman. Out , Canada 
<;001>KI(:il, Charles F (il/ 1010), Andrews & 
(aiodiidi, liu , Boston, and (lor mail), 336 
Adams .Si , Douhester, M.iss 
CrOODWlN, ICuacno W. 10,10), Sr Mech 
ICnai , 1) .S I'leasuiy Dt‘pt , Piocurement 
B1 (Ik , W,isliinatou, D C , and (lor mail), 7024 
Hampden Lane, Hethcsda, Md 
<i<)<)I)WIN, Samuel L. (A/ 1021), Consulting 
Kngi , 217 Madison Ave , Haabiouck Heights, 

COODWIN, Walter C (Af 10,33), Div Engrg , 
All Cond luiiiip (lor nuil). Supply Engrg 
Dept , Wi^btiiigliouse Electric &. Mfg Co . East 
Pittsburgh, and ()0,'{2 Mane St , Pittsburgh, Pa. 
CORDON, Edward IL, Jr (M 1008). Pres. 
Pillshui V ICngiiieenng Co , 1200 Second Ave S , 
and (ioi mail), 2 1, 30 West 24th St , Minneapolis, 
Minn 

(;ORDON, Peter B. (J 10,1.)), ICngr (for mail), 
Wolfit Muiiier, Inc, 222 l^st list St, New 
Yoi k, N V' , and Jlf) Park Ave , Bloomfield, N J 
<;ORDON, William I>, (/I 193,3). Engr. (lor mail), 
Tuttle 3£ Hailey Mlg C'o of Canada Ltd , and 

2.3 Howen Rd , Foil ICiic N , Ont , Canada 
CiORDON, William J , Ji. (/ lOJfi; 5 1935), 

220S ( )liver Ave S , Minneapolis, Mmn 
<JORNS'rON, Michael II. (A 192,1), Stationery 
JCngi (lor mail), Thomas Jclfcrson High School, 
102 Pennsvlvania Ave, Brooklyn, and 90-11- 
1 10th St , Jamaica, N Y 

<;OSSErr, liarl J (M 1923), Pres (for mail). 
Hell ik (loasett <io , 3000 Wallace St, Chicago, 
and ,11 1 Woodland Ave , Wmnetka, 111 
<;OTHARD, William W, (A 1936), Managing 
ICditor (lor mail), Domestic Engineenng, 1900 
I*iairie Ave , Chicago, and 1027 Arlington Ave , 
laitrrangc. 111 

CO'J'SCllALL, Harry C. (M 103,3), Air Cond 
Instnict<«, I..aiie Technical High School, Western 
Ave and Addison St., and (tor mad), 4700 N. 
AtU'sian Ave , (Chicago, 111 
COTrWALD, G. (A 1910), Pres, (for mail), 
Ric-Wd ('o„ tJmon Trust Bldg , Cleveland, and 

222.3 Stillman Kd , Cleveland Heights, Ohio 
GOUBDY, Kenneth E. (A 193,3), Salesman and 

l£ngr (tor mad). Modem Building Insulating Co , 
r>10 Hona Allen Bldg., Atlanta, and 218 Columbia 
Du VO, Dec^itur, Ga 

GOIJLI), Henry E. 1930), Sales Engr (for 
mail), Niitkin & Co , 2020 Wyandotte St , and 
(»021 Locust St , Kansas City, Mo. 

GOULDING, William (4 19.33), Air Cond Engr , 
World BiOiidcasting (Jo , 711 Fifth Ave , New 
York, and (for mail), 360 East lOtli SL, Brook- 
lyn, N Y 

GRABENS'rEDER, Louis (J 1936), Power Sales 
Engr , Union Gas & Electric Co , and (for mad), 
3020 Stettimus Ave , CincinnaU, Ohio 
GRADER, Ernst (/ 1930), Engr, Mmncapolis- 
Ilont^ywcU Regulator Co , 801 Second Ave , New 
York, and (for mail), 42-12 Ditmars Blvd, 
Astoria, L. I , N. Y. 

GRAHAM, Gliarles H (Af 1934), Sales Repr, 
Lennox Furnace Co , Inc., 400 N. Midler Ave., 
Syracuse, and (for mail), 377 Highland Ave, 
Hamburg, N. Y 

GRAHAM, Earl W. (7 1936), Student E^. (for 
mail). Carrier Corp., 180 N Michigan, Chicago, 
111 , and Bnstow, Ky 

GRAHAM, John M. (J 1936), Sales Engr (for 
mad), B F. Sturtevant Co., 913 Provident Bank 
Bldg , and Kemper Lane Hotel, Cincinnati, Ohio 


GRAHAM, WllUam D (M 1929; A 192S; / 1923). 
Brandi Mgr (for mail). Garner Corp , 79oUnwn 
Trust Bldg, Cleveland, and 3179 Chadboume 
Rd , Shaker Heights, Ohio 
GRAHN, Victor F. (M 1927), Htg-Vtg EnOT, 
Tenney & Ohraes, Inc , 101 Park Ave , New York, 
N Y , and (for mad), 120 Greenwood Ave . East 

GRSJsTON.^Ray O. (.J 1935, S 1930), Enff * 
University Plumbing & Heating Co , SBoU 
University Way, and (tor mad), 4558 Fourth 
Ave N E , Seattle, Wash ^ ^ ... 

GRANT, Walter A. (A 1933, J 1929). Dist Ch ef 
Engr , Cainer Corp , Newark, and (for man;, 
1142 'Vnna St , Eh/abeth, N T ^ 

GRAVES, Willard B (.Life K 1906L 

Pres , W B Graves Heating Co , 1C2 N. Des- 
plames St , Chicago, 111 .. 

GRAY, Earle W (A 1934), In clmrge of Air 
Cond , Commercial Dept (for mad), 

Gas & Electric Co , Third and Harvey Sts , ana 
2125 Northwest 18th St , Oklahoma City, OWa 
GRAY, Everett W. (M 1930), Mgr (for mad), The 
Trane Co, 1900 Eudid Ave, Cleveland, and 
17545 Madison Ave , Lakewood, Ohio 
GRAY, George A. (M 1024), Branch Mgr (for 
mad), C A Dunham Co , Ltd , 4(W Plaza Bl^. 
and 114 Belmont Ave , Ottawa. Ont , Canada. 
GRAY, William E. (M 1922), Sales En^ , 
Powers Regulator Co . 2720 (i^nTaew Ave , 
Chicago, 111 . and (for mad). Box 264. High 
Point, N C „ 090 

GREBEN, David (M 1936), Uedi Engr, 339 
West 5Sth St , New York, NY « , 

GREEN, Arthur W. (A 1936), 37-GQ-S8th St, 
Jackson Heights, L I , N Y v -rv * 

GREEN, William C (Life Member, U 1906). Dist 
Mgr (for mad), Warren Webster & Co, 70* 
Race k, Room 002-5, and 244 Erkenbrecher 
Ave , Cincinnati, Ohio 

GREENBURG, Dr. Leonard* (M 1932), Es^ 
Director, Div of Industrial Hygiene 
New York State Department of I-abor, 80 Cwtre 
St , and 241 West 97th St , New York, N Y 
GREENLAND, Sidney F. (M 1934), Engr , 
Walker & Slater. Ltd, Fitzmaunce Race. 
Berkeley Square, London W 1, and 
71 Arodene Rd , Bnxton, London, SWZ, 
England. _ . 

GREER, WflUs R (/ 1934), Air Cond 1^ . 
Arkansas Power & Light Co , and (for mail;* 
1401 Linden St , Pine Bluff, Ark cu.1i4.n- 
GREGG, Scranton H. (A 1936), Ptm , Shelly 
berger-Gregg Co , 2203 N Prospect Ave , and 
^r mail), 5134 N Woodbum St , Mdwaukee, 

G^G. Stephen L. (/ 1938), ^ea Engr tfor 
mail), Votomac Electnc Power Co • 

E Sts. N W , and 3614 Connecticut Ave N W , 

Gl^^S^^GeSrgfiE , Jr (5 1936), 2149 Webster 

GREls^R^^SiwE. (A 1936), Owner, Electnc 
Contractor Dealer, B^n, Texas Wnrker 

GRIEST, Kermit (J 1936L Sh«t Metal Worker 
and Sales, Frank-Limbach & Co , ^722 E Omo 
St, and (for mad), 134 Groveland St., Pitts- 

GMSl^rFenner M. (J 1935). 

T H Urdahl, Consulting Engr , 726 Jackson 
Place NW, and (for mad). 7705 Alaska Ave. 
NW.Washmgton. D C. 

GROSEGLOSE, John B. (A 
mator, Dixie Heating & Ventilating Co., iw 
Fanmn St , and (for mail). 3424 Umversity Blvd . 
Houston, Texas ^ 

GROSS, Lyman C. (M 1931), Sales Engr, 
Minneapohs-Honeywdi Ave 

Fourth Ave. S , and (for mad), 4653-13tn avc 
S , Minneapolis, Minn 
GROSSMAN, Harry E. (A W33; / l^JO. 

Reor . Haynes Sclhng Co., Inc., 1618 FaimouM 
Ave , PhiSlelplua, and (for mad), 218 Parkam 
Rd., Spnngfidd, Pa, 
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GROSSMANN, Harry A. (A/ 1931), Owner. H A. 
Grossman Co , 3221 OUve St , and (for mail). 
3122 Geyer Ave , St Louis, Mo 
GROVES, Samuel A. (J 1935). Salesman, 
American Radiator Co , 40 West 40th St , New 
York, and (for mail), 70-10 ConUnental Ave, 
Forest Hills, N Y 

GUNTHER. Felix A.* (M 1925). Sales Engr (for 
mail), 429-B Oliver Bldg , and Bo\ 226, R D 9, 
S Hills Branch, Pittsburgh, Pa 


GURNEY, Edward H (M 1929). (2nd Vice-Pres , 
1936, Counal. 1931-1936), Pres (for mail). 
Gurney Foundry Co , Ltd , 4 Junction Rd , 
and 347 Walmer Rd , Toronto, Ont , Canada. 


GURNEY, Edward R. {J 1937), Asst Engr . 
Gurney Foundry Co , Ltd , and (for mail) , 33 
Onole Parkway, Toronto, Canada 


HALL, John R. (J 1932), Mcch Engr , U S Air 
Conditioning Corp , 2101 N E Kennedy St , and 
(for mail). 141G Lakeview Ave , Minneapolis, 
Minn 

HALL, Mora S (il 1931), Development Engr (for 
mail). May Oil Burner Corp , Maryland and 
Oliver St , Baltimoie, and R F D 3, West- 
minster, Md 

HALLER, Arthur L (A/ 1020), Pres-Treas (tor 
mail), Haller Appliance Sales Co , Inc , 3321 
Washinpfton Blvd , St Loiiiis, and 121 W Cedar 
Ave , Webster Groves, Mo 
HAMAKER, Ambrose C ( 1 1037), Mgr Home 
Htg Dept (for mail), J L Hudson Co, and 
18t^ Santa Rosa Dnve, Detroit, Midi 
HAMENT. Louis (A 1033), Mgi (for mail), 
Aquatic Chemical & Mctalluigical Engrs , 114 
East 32nd St , and 5GS East 106th St , New York, 
N Y 


H 

HAAS, Emil. Jr (A 1936, J 1929), Secy -Treas 
(for mail), Natkin & Co , 2020 Wyandotte and 
Newbem Hotel, Kansas (2ity, Mo 
HAAS, Richard B. (S 1935). Htg Engr , c 'o L C 
Pemberton, 406 S Washington Ave , Lansing, 
Mich. 

HAAS, Samuel L. (M 1923), Pres (for mail). 
Advance Heating Co , 117-19 N Desplaines St , 
and 1513 Fargo Ave , Chicago, 111 
HAATVEDT, Sheldon R. (J 1936, S 1935). 408 
Fourth St S E., Little Falls, Minn 
HACKETT, H. Berkeley (M 1921), Consulting 
Engr, 901 Architects Bldg, 17th and Sansom 
Sts , Philadelphia, Pa 

HADDOCK, Isaac T. (A 1926). New England Gas 
& Electric Assoaation, 719 Massachusetts Ave , 
(Cambridge. Mass. 

HADEN, G. Nelson CM 1934, A 1928, J 1922), 
Managing Director (for mail), G N Haden & 
Sons, Ltd , 00 Kingsway, London, W C 2, and 
36 Wildwood Rd , Hampstead Heath, London, 
N W 11, England 

HADEN, Wilham N (Ltfe Member. M 1902), Late 
Chairman, G N Haden & Sons, Ltd , St 
Georges Works, and (for mail), Arnolds Hill, 
Trowbndge, Wilt. England. 

HADJISKY, Joseph N. CM 1980), Consulting 
Engr , 744 Bates St , Birmingham, Mich 
HAGAN, WiUiam V. (A 1933; / 1926), Secy, 
V, J. Hagan Plumbing & Heating Co , 600 Pearl 
St . and (for mail), 1811 Jones St , Sioux City, 
Iowa. 

HAGEDON, Charles H. CM 1919), Secy -Treas 
(for mail), S. E Fenstermaker & Co , 937 
Architects and Builders Bldg , and 4156 Broad- 
way, Indianapolis, Ind 

HAHN, Roy F. (/ 1936), Engrg Dept (for mail), 
Delco-Fngidaire Conditiomng Corp , 075 Green- 
wood Ave., and 20-llth St N E„ Atlanta, Ga 
HAINES, John J. (AT 1915), Pres (for mail), 
The Haines Co., 1933 W Lake St., Chicago, and 
623-17th Ave , Maywood, 111 
HAJEK, WiUlam J. (M 1932), Resident Vice- 
Pres ffor mail), Mmneapolis-Honeywell Regu- 
lator Co , 285 Columbus Ave , and 56 Com- 
monwealth Ave , Boston, Mass 
HAKES, Leon M (M 1932, J 1929), Sales 
Engr (for mail), R T Coe Co . 410 Reynolds 
Arcade Bldg , and 71 Strathmore Dnve, (Greece, 
Rochester, N Y 

HALE, Fted J. (M 1936), Mgr (for mail). Empire 
Sheet Metal Works, Ltd , 1606 W. Fust Ave , 
and 1080 Gilford St , Vancouver, B C , Canad a 
HALE, John F. (M 1902), CJPrestdewtal Member). 
(Pres, 1913: lat Vice-Pres, 1912, Board of 
Governors, 1908-1910, 1912-1913), Dist Mgr 
(for mail), Aerofin Coro , 1058, 111 W Washing- 
ton St , Chicago, and 416 S Brainard Ave , 
LaGrange, 111 

HALEY, Harry S.* (M 1914), Consulting Engr , 
Partner (for mail), Ldand & Haley, 68 Sutter 
St., and 735-2l8t Ave . San Franasco, Calif 


HAMERSKI, Francis D. (/ 103 1), Mgr (for 
mail), Winona Coal Co , Front and ITigU Kuiest 
Sts , and 626 E Fifth St , Winona, Mmn 
HAMIG, Louis L (J l‘)35), Engr. Controlled 
Air Corp , 3310 Olive St , and (for mail), 3514 
Utah St , St Louis, Mo 

HAMILTON, James E (A 103, )), Biancli Mgr 
ffor mail), U S Radiator Corp , 4004 Dunum 
Ave , St Louis, and 7701 Shirley Drive, Clayton, 
Mo 

HAMJE, Milton C. (J 1030), Engr, Syska & 
Hennessy, Consulting Engis , 420 Lexington 
Ave , New York, and (tor mail), 198 Hancock 
St . Brooklyn, N Y 

HAMLET. Francis A. (A 1936), Branch Mgr (for 
mail), C A Dunliam Co, Ltd, Room 931, 
Dominion Square Bldg , 1010 St ('athenne St 
W , and 3550 Shuter St , Montreal, Que , Canada 
HAMLIN, Chauncey J., Jr. (A 1031). Hamlin 
Air Conditioning Co, and (for mail), 1011 
Delaware Ave , Buffalo, N Y 
HAMLIN, Harry A. (A 1010), Sales Engr. (for 
mail), Johnson Service Co , 427 Bminaicl St , 
Detroit, and 120 Winona Ave , Highland Park, 
Micb 

HANCE, W. Wayne (A 1035), Draftsman, E I. 
DuPont de Nemours Co , Wilmington, Del , and 
(for mail), 711 Anderson Ave , Drevcl Hill, 
HANKINS, Richard P. (7 103.5), Engr and 
Draftsman (for mail), G A. Peple, Jr , ('onsultmg 
Engr , 025 Ametican Bldg , and 1826 Hanover 
Ave , Richmond, Va 

HANLEY, Edward V. (A 1033), Pies, (for mail), 
S V Hanley Co , 10.53 N. Karwell Ave., Mil- 
waukee. and 844 E Birch Ave , Whitehsh Bay, 
Wis 

HANLEY, Thomas F., Jr. {M 1033), Pres, (for 
maxi), Hanley Sc Co , 1503 S Michigan Ave , and 
4040 East End Ave . Clucago, 111. 

HANSEN, Charles G. (M 1028), Engr, 428 
Prospect St , South Orange, N J 
HANSON, LesUe P. (A 1036; J 1935; S 1033). 
Engr , U S Air Conditioning Corp , 2101 
Kennedy NE, and (for mail), 4336 -16th Ave 
S . Minneapolis, Minn 

HARBORDT, Otto E. (A 1030), Sales Mgr (for 
mail), U. S Supply Co., 1315 West 12th St , and 
303 Brush Creek Blvd., Kansas City, Mo. 
HARDING, Edward R. (M 1036), Branch S.ile8 
Mgr and Engr (foi mail), Kewanee Boiler 
Corn , P 0 Box 630, 704 Jcffeison Bldg , and 
260J1 Sherwood St„ Greensboro, N 
HARDING, Louis A.* (M 1011), (Prntdenttal 
Member), (Pres , 1930, Ist Vicc-Pies , 1920; 2nd 
Vice-Pres , 1928, Council, 1022-1031), (for mail), 
L A Harding Construction Corp , Prudential 
Bldg , and 85 Cleveland Ave , Buffalo, N. Y, 
HAlMi, W. Almon (M 1930), 307 Victona Rd , 
Windsor, Ont , Canada 

HARMONAY, WiUiam L. (A 1936), Mgr (for 
mail), M. J. Harmonay. Inc, 124 Elm St., and 
34 Ahda St., Yonkere, N Y 
HARRIGAN, Edward M. (M 1916), Gen Mgr 
(for mail), Hamgan Sc Reid Co , 1305 Bagley 
Ave , and 7460 LaSalle Blvd , Detroit. Mich. 
HARRINGTON, Charles (M 1923), 43 Indian 
Grove, Toronto, Ont , Canada. 
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nARRiN<n<)N, Kiiiott* nt nnu, .t pno), 
Mjm , ('otiimcm.il hiinir I)u , An ('nnd l)ppt 
(for m.iin. I'I<« fin f o , o I«i\vn*n4(.* SL , 

Itloomtn'ltl, .iinl .) Wil'ioti hni.m*. ( aldwoll, 
N I 

HARRIS. JosNo II (\; I'MSi, I»i(^ (t„r ruil), 
Rom* N U.ifiiM I'tUMrnvi ,, hn , Jlh UMr , 
ami ( oll.i\ \v<* S, MiiiikmiioIis, Minn 
HARRIS, John <» (U Dist ('hu*i Riiijr 

(i4>i niailL I)«‘U o-lMiRnlano < ^Mnlitnmnn* ('oip , 
211 Avi* N W , IVrmni.il lowoi HMr , 

('lovolatul, uni 11IU2 Dcl.iwau* \v(* , Lalowood, 
Ohio. 


HAR'r-UAKKR, Ik*nrv W (A/ IhlSl, Director 
(l<ir mail), Meiiitt, Lid . S hioiioh huiul, and 37 
Kti* Rone, DoliHtie, ShaiiRliai, ('Inna 
HAKSCH, RUhnra J (A/ I') hi), Asmu Naval 
Art lit , IT S ( lover iinifut, .irid 112 Avenue O, 
HuK.klvn, N \ 

HART, llanv M ‘ (A/ 1')12). (PrtsidetUuil 
Mttnhtr), (Pm**, , l‘H(l, Ihf Viee-Pres, Pllf); 
('oiiiuil, l*)ll.l<)i;). I»ie.s (lor mail). L H 
Prentne <'o, iniS Van Huron St, and 3730 
Lakoshore Drive, ('liKaRO, III 
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Shaker HeiRlits. Ohio. 
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02.'>-,*),l W Jackson Blvd , and 7443 Jeffery Ave , 
Chicago, III 

HAYES, Joseph G (M 1908), Pres and Engr 
(for mad), Hayes Bros , Inc , 236 W Vermont 
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New Delhi, India, and 2S, Leighcliff Rd , Leigii 
on .Sea, Ease’^, England 
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HECHT, Frank H. (Af 1930), Sales Engr (for 
mad), B F Sturtevant Co , 2635 Koppers Bldg, 
and U07 Barnesdale St , Pittsburgh, Pa 
HECKEL, B P. (M 1918), Vice-Pres , Gamer 
Corp , 180 N Michigan Ave , Chicago, and (for 
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Co , Inc , 1672 Second Ave , and (for mail), 1830 
Tenbroeck Ave , New York, N Y 
HERKIMER, Herbert (AI 1934), Director (for 
mail), Herkimer Institute, 1819 Broadway, and 
25 Central Park W , New York, N Y 
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ffor mail), Hester Bradley Co , 2835 Washington 
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HEWETT, John B. (A 1935), Sales Engrg Mgr , 
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HEYDON, Charles G. {A 1923), Mgr Sales of 
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HIBBS, Frank G. (Af 1917), Salesman. H B 
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HILDEBRANDT, Henry A. (Af 1018), Elliott 
Equipment Co , 708 Sixth Ave S , Minneapolis, 
Minn 

HILDRETH, Egbert S (I 1030). Air Cond 
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Indiana, Detroit, Mich 

HILLIARD, Charles E (Af 1032, 7 1027), 
Htg'.Vtg Engr (for mail), E C Ililliard Co , 
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Ltd , 725-6 Federal Bldg , 85 Ri< hinond St W , 
Toronto, Ont , Canada 

HINCKLEY, Harlan B (1 1931), Engr -Custo- 
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HINRICHSEN, Arthur F (Af 1028), Pres (for 
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HINTZ, Harvey P (7 1030, 5 1035), 211 E 
Armory Ave , Champaign, III 

HIRSCHMAN, William F, (Af 1020), Pres and 
Chief Engr , W K Hirschman Co , Inc , 220 
Delaware Ave, and (for mail), 165 Le Biun 
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HITCHCOCK, Paul C. (Af 1031), Vice-Pros - 
Treas, Burlingame, Hitchcock & Kstabrook, 
Inc , 521 Sexton Bldg , and 4930 Girard Ave S , 
Minneapolis, Minn 

HITT, John C. (A 1930), Branch Mgr (for mail), 
Holland Furnace Co , 3 l-17th St , and 301 
Valley View Ave , Wheeling, W Va. 

HOBBS, J. Clarence (Af 1020), Gen Mgr , and 
Mfg Operations (for mail), Diamond Alkali Co , 
and 60 Wood St , Pamesville, Ohio 

HOBBS, WiUiam S. (A 1036), Owner and Mgr . 
511 Yale Ave , Swarthmorc, Pa. 

HOGHSTEIN, George E. (A 1035), Mgr Oil 
Burner Div , Heil Co , 810 North 26th St , 
Philadelphia, Pa 

HOCKENSMITH, Francis E. (Af 1030), Chief 
Engr (for mail), Lennox Furnace Co , Inc , 100 
N Midler Ave , and 124 Ludington St., Syracuse, 

HODEAUX, Walter L. (Af 1931), Owner (for 
mail),W L Hodeaux Plumbing & Heating Co., 
216-17 N Flagjer Dnve, and 310 Tenth St, 
West Palm Beach, Fla. 

HODGDON, Harry A. (Af 1919), 153 Norfolk St , 
Wollaston, Mass 

HODGE, William B. (Af 193 1), Vice-Prcs , Paiks- 
Cramer Co., and (for mail), P. O Box 1234, 
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('olonial i<<l , Hiooklyn, N V 
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HOLMES, Paul B (A 1«H()). Hr.inth Msr (for 
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and 1525 bessemleii St N,W , Washington, D C 
HOLMES. Richard E (7 1<)21), Ait Cond 
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052 Page Ulvd , and (loi mad), 11 Busliwick St, 
Spiinglield, Mass , ^ 

IIOLI', James (A/ 1082), Assoc Prof ol Mech 
ICngtg (lot mad), Massachusetts Institute of 
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l()(i2 Massachusetts Ave , Leungton, Mass 
HOL'rON, John H (M 1027), Mgr , Construction 
and S(‘ivice Dept, Ifiahtcin Contract Dept (for 
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New.u k, and 5 Moimttuu Ave , Maplewood, N J 
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living St N W , Washington, DC 
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b'oibeH, Ltd . 1088 King St W , and (for mad), 
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HOW ATT, John-* (A/ 1915), (Pjesidential Member), 
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HOWELL, Frank B (A/ 1920), Tech Advisor (for 
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Engr (for mil), Graham, Anderson, Probst & 
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HUDEPOHL, Louis F (A^ 1936), Pres (for mad), 
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Itngi , Milwaukee tlas Light Co , (i2() E Wis- 
consin Avc , ,iud (loi null), 731 North 3Uli St, 
Milwaukee, Wis 

KOEUUCR, U Stewart (. I 10,%), Sales Engr (for 
mad), Minneapolih-HoiieywoU Regulator Co, 
HOI Second Ave , and .1()1 Ifiast 10,‘lrd St , New 
Voik, N V 

KOlILKR, Walter J., Jr (A 1033). Htg Sales 
SiipoiviHor (lor mad), Kohler Co, and 00,> W 
Paik Uvne, Kolilei, Wia 

KONZO, Seiclu* (A/ 1037, 1 103(>, J 1032). 
Specul Research Asaouatc, Umveraity of 
tlhnoH, 213 MccU Lngrg Lab , and (for mad). 
1108 W. Stoughton St , (Trbana, 111 
KOOISTRA, John h\ (A/ 1033), Engr (for maiD, 
( amei Coip , 748 IC Washington St , and 0063 
Roy St . Los Angeles, Cahi , , , 

KOKN, (lharlea B (A/ 1022), Member ot Firm, 
Rcber-Korn Co , 817 Cumberland St , and (for 
mad), 1022 S. ICighth St , Allentown. Pa 
KO'ITCAMP, Horace A, (Af 1015), Mgr (for 
mad), Kottcamp Construction Co, 147 N 
Second St , and 627 Philadelphia Avc , Chambers- 
buig, Pa, 

KOZtl, 'I'amilchiro (A/ 1030), Chief Engr (for 
mail), Japan Radiator Industrial Assoaation, 
.500 Manmouchi Bldg, and 1701 Yonchome 
ShimoocUisu, Yodobashiku, Tokyo, Japan 
KRAMIC;, Robert E., Jr. (A 1933). Vice-Pres , 
Trcah (foi mad), R E Kramig & Co, Inc, 
222-4 liaat 14 th St , Cincinnati, and 61 Central 
Teixacc, Wyoming, Ohio, 

KRAMINSKY, Victor (Af 1931)), Managing Dir 
(for mail), Air Conditioning & Engmeenng, Ltd , 
4-12 Palmer St , Wcatminster S W. 1, and 36 
Manor ('ourt, Aylmer Rd , Highgate, London, 


KRA^'Z^ AlonaM> P.* (Af 1925), Research Prof (for 
mad), Dept of Mech Engrg. University of 
nimois, and 1003 Douglas Avc, Urbaiu, 111 
KREISSL, Hans G. (M 1925), Mgr , Vento Dept 
(for mad), Amencan Radiator Co , 816 S 
Michigan Ave , Chicago, and 408 Lee St , 

S (A 19i5), 'em (for maiJ), 
Kren* St Co , 6114 W Center St , MUTOukee. 
and 1700 North 74th St , Wauwatosa, Wia 
KREZ, Leonard (A 1035), ^ (for ^1) . 

T Krez Co , 444 N. LaSalle St , and 4716 N 
Paulina St • Chicago, 111. 
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KRIBS, Charles L , Jr (Af 1936), Consulting 
Medi Engr , Kiibs & Landauer, 807 South- 
western Life Bldg , and (for mad), 4209 Shenan- 
doah Ave , Dallas, Tevas 

KRIBBEL. Arthur E. (M 1020), Sales Engr (for 
mail), Haynes Selling Co , Inc , Ridge Ave and 
Spiing Garden St , Philadelphia, and Warren 
Ave , Berwyn, Pa 

KRINTZMAN. Harry (5 19.36), Carnegie Tech 
(tor mad), 1920 P'orbes St , Pittsburgh, Pa , and 
41 Chamberlain Parkway, Worcester, Mass 
KROEKER.J Donald (Af 1930), Pres (for mad), 
Columbia Engineering Co , 010 Fading Bldg , 
and ()831 N E Siskiyou St , Portland, Ore 
KRUEGER. James I. (A/ 1921), Repr (for mail), 
Illinois Engineering Co , 357 Ninth St , and 1920 
&cramcnto St , San Franasco, Calif 
KUBASTA, Robert W. (J 1036), Sales Engr (for 
mad), Bryant Air Conditioning Corp , 230 
Park Ave , New York, N Y , and 1088 Summit 
Ave , Lakewood, Ohio 

KUEHN, Walter C ( 1 1933), Kuehn Heating & 
Ventilating Co , 015 Seventh Ave S , Minne- 
apolis, Minn 

KUEMPEL, Leon L (A/ 1030, J 1920), Delco- 
Fngidaire Sales Corp , Dayton, Ohio, and (for 
mail), f>43 Park Drive N E , Atlanta, Ga 
KUHLMANN, Rudolf (M 1928), Engr, 122 
East 42nd St . New York, N Y 
KUNS, Joseph W. (7 1936, 5 193.5), 2110 Haw- 
thorne Ave , Minneapolis, Minn 
KURTZ, Robert W. (7 1936), Htg and Air 
Cond Inspector, City of Minneapolis (for mad), 
213 City Hall, and 1513 W Uke St , Minne- 
apolis, Minn 

KWAN, I. K (A/ 1033), Gen Mgr , China Engi- 
neenng Co , 30 Brenan Rd , Shanghai, China 
KYLBERG, V. C (A 1034). Owner, Mgr , Contr 
Engr , 007 Ridgewood Rd , Maplewood, N J 
KYLE, W J. (A 193.5), Power Sales Engr (for 
mad), Byllesby Engmeenng & Management 
Corp ,231 S LaSalle St , and 1239 Jarvis Ave , 
Chicago, 111 

L 


LAFFOLEY, Laurence H (A 1036), Asst Engr 
ffor mail), Canadian Paafic Railway, Room, 401, 
C P R Windsor Station, and 17.5 Woodlands, 
Montreal, Oue , Canada 

LAGODZINSKI, Harry J. (A 1927, 7 1920), 
Sales Engr , Ilg Electnc Ventilating Co , 182 
N LaSalle St , and (for mail), 3628 N Tnpp 
Ave , Chicago, 111 

LAMBERT, Robert D. (Af 1936), Design Engr 
(Air Cond ), Amencan Radiator Co (for mad), 
P O Bok 356, New Rochelle, and 89 Young 
Avc , Pelham, N Y 

LaMONTAGNE, Arthur F (A 1936), Sales Mgr 
Htg Div (for mad), Gumey Foundry Co , Ltd , 
P, O Box 1149, Montreal, and 24 Pnnee Arthur 
St , St Lambert, Que , Canada 
LANDAUER, Leo L. (7 1932), Consulting Engr 
(for mad). Knbs & Landauer. Houseman Bldg , 
and 6705 Velasco, Dallas, Texas 
LANDERS, John J (M 1030, 7 1924), Mfra. 
Agent (for mail), 701 Crosby Bldg , Buffalo, and 
120 Burroughs Drive, Snyder, N Y 
LANE, D Duffy (Af 1934), Mgr (for mad), Weber 
& Memtt, Inc , 7M2 Roosevelt Ave , and 94-06- 
34th Rd , Jackson Heights, N, Y 


LANGE. Fred F. (A 1934), Asst. Vice-Pres (for 
mad), Mechanical Service Co , 602 Pence Bldg , 
Minneapohs, and Route 3, Box 80, Excelsior 
(Cottagewood L M ). Minn 
LANGE. Raymond T. (M 1930), Engr , Hartzell 
Propeller Fan Co .Box 909, and (for mad), 1700 
N Broadway St,, PiQua, Ohio 
LANGENBERG. Everett B. (M 1914), (Council, 
1926-1931), Pres (for mail), Langenbtfg Heating 
‘ ‘ “11 Ennght, St 


1926-1931), Pres (for mail), Lai 
Co , 3800 W Pine Blvd , and I 
Louis, Mo 


LANNING, E. K. (A 1927), Asst Secy and Sales 
Mgr. (for mad), Warren Webster & Co , Camden, 
and Box 311, Clayton, N J 
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LANOU, J. Ernest (AT 1931), Mgr (for mail), 
F. S Lanou & Son, 90 St Paul St, and 48 
Brookes Ave , Burlington, Vt 
LaROI, George, II, (J 1936), Engrg Correspon- 
dent (for mail), McDonnell & Miller, Room 
1316, Wngley Bldg, 5536 N Campbell Ave, 
Chicago, 111 

LARSON, Carl W. (M 1936). Service Engr , 
Barnes & Jones. Inc, 128 Brookside Ave, 
Jamaica Plain, and (for mail), 641 Hyde Park 
Ave, Roslindale, Mass 

LARSON, Clifford P. (J 1936), Sales Engr (for 
mail), Insuhte Co , 205 W Wacker Dnve, and 
6317 Kenmore Ave , Chicago, 111 
LARSON, Gustus L (Af 1023), (Prestdenttal 
Member), (1st Vice-Pres , 1935, 2nd Vice-Pres , 
1934 Council. 1929-1936), Prof , Steam and Gas 
Engrg , and Chairman of Dept of Mech Engrg 
ffor mail), Umversity of Wisconsin, Mech 
Engrg Bldg . and 1213 Sweetbnar Rd , Shore- 
wood Hills, Madison, Wis 
LaSALVIA, James J (M 1930), Mech Engr, 
Fngidaire Corp , and (for mail), 2250 Emerson 
Ave , Dayton, Ohio 

LAUER, Harold B. (Af 1930), Vice-Pres (for 
mail), Enghsh & Lauer, Inc , 309 West 12th St , 
and 1121 S Hayworth Ave . Los Angeles, Calif 
LAUER, Rodney F. (J 1936), Sales Engr . York 
Ice Machinery Corp , 1238 North 44th St , 
Philadelphia, and (for mail), 236 Glentay Rd , 
Lansdowne, Pa 

LAUFKBTTER, Fred C. (A/ 1936), Supt and 
Chief Engr (for mail), New Hotel Jefferson, 
12th and Locust St , and 7056 West I^k Ave , 
St Louis, Mo 

LAUTENSGHLAGER, Fred (M 1915), Vice- 
Pres , Treas , Kroeschell Boiler Co (Office and 
Factory), 100 Reichert Ct , Racine, Wis , and 
(for mail), 3846 Alta Vista Terrace, Chicago. Ill 
LAUTERBACH, Henry, Jr. (M 1933). Engr (for 
msul). Carrier Corp , 180 N Michigan Ave , and 
6959 Memll Ave , Chicago, 111 
LAUT2, Fritz A. (Af 1936), Dist Engr, Kelvi- 
nator Corp, and (for mail), 319 Howell Ave, 
Cmannati, Ohio. 

LAWLOR, John J. (Af 1935), Mgr Htg Div , ' 
James Robertson Co , Ltd , 215 Spadina Ave , 
and (for mail), 35 Tennis Crea , Toronto, Ont , 
Canada 


LEDGETT, F. Donald (5 1936), 108 Clinton St , 
Toronto, Ont , Canada 

LEE, Robert T. (5 1936), Eastman Kodak Co , 
343 State St , and (for mail), 300 Meigs St , 
Rochester, NY . 

LEEK, Walter (M 1903), Managing Dir (for 
mail). Leek 8e Co , Ltd , 1111 Homer St , and 
4769 W. Second Ave , Vancouver, B C , Canada 
LEES, Herbert K, (AT 1924; J 1912), Secy -Treas. 
(for mail), WiUiam Lees, Inc , 542 W washmg- 
ton St , and 5855 N Kenneth Ave , Chicago. Ill 
LEGLER, Frederick W (Af 1935; A 1933), Sales 
Mgr , Waterman-Waterbury Co , 1121 Jackson 
St N E , and (for mail), 2919 Johnwn St N.E 
Minneapohs, Minn 


LEICHNITZ, Robert W. (J 1936), Estimator. 
Leichmtz Engineenng Co , 14 E. A St , and (for 
mail), 2606 W Chestnut St , Yakima, Wash 

Ro^er L. (M 1922), Pres, (for mail), 
^hmore Heat Corp . 2000 W Pratt St , and 
2810 Elsmor Ave , Baltimore, Md 
LEJNROTH, J. Paul (M 1929). Gen Industnal 
Fuel Repr (for mail), Public Service Electnc St 
Gas Co , ^ Park Place, Newark and 37 The 
Fairway, Montclair, N J 

LEITCH, Arthur S. (M 1908), Pres and Manag- 
ing Dir^or (for mad), Arthur S Leitch Co . 
Ltd., 1123 Bay St , and 421 Rui^ll Hill Rd , 
Toronto, Ont , Canada. 


L^A^, Wwen B. (M 1929). Sales Engr, 
H. B Smith Co, Westeeld, and 34 Leyfred 
P O Box 1522, Spring- 

field, Mass 


LELAND, William E. (Af 1915), Consulting 
Engr (for mail), Leland & Haley, .58 Sutter St , 
San Franasco, and 704 The Alameda, Berkeley, 
Calif 

LENIHAN, William O ( 1 1936). Pres (for mail), 
W O Lemhan, Inc , 123 Pearl St , and 703 W. 
Ferry St . Buffalo, N Y 

LEONHARD, Lee W (Af 1036). Supv , Eastman 
Kodak Co , Kodak Park, and (for mail I, 107,5 
Winona Blvd , Rochester, N Y 
LEOPOLD, Charles S. (M 10 M), Consulting 
Engr (for mail), 213 S Broad St , Philadelphia, 
and 614 Elkins Ave , Klkma Park, Pa 
LESLIE, Donald E. (J lU3b, .S 10.i3), Sales Engrg 
Dept (for mail), Brsrant Heater Co , 1782,5 St. 
Clair Ave , Cleveland, Ohio, and 3,541 Blooming- 
ton Ave , Minneapolis, Minn 
LEOPOLD, Herbert W (J 1033), Time Study 
Engr , S S White Dental Alfg Co , Princes 
Bay, Staten Island, and (tor mail), 147 Sprague 
Ave . Tottenville, S I , N Y 
LBVEl^HAL, Bernard (.9 19.15), Estimating 
and Designing Engr , Schwerin Air Conditioning 
Corp , 670 Lexington Ave , New York, and (for 
mail), 891.3-13th Ave., Brooklyn, N Y 
LEVERANCE, Herbert J (.1 10,1.5), Salesman 
(for mail), J M O’Connoi Co , 434 N Rock 
Island, Wichita, Kans 

LEVY, Marion 1. (A 1036, J 1931), Sales. Mgr 
and C Engr (for mail), Viking Air Conditioning 
Corp , 1935 Euclid Ave , and 1273 West 108th 
St , Cleveland, Ohio 

LEWIS, GarroU E (Af 1030), Chief Engr . Delco- 
Fngidaire Conditiomng Division, General Motors 
Corp, 1420 Wisconsin Blvd, and (for mail), 
1660 Catalpa Dnve, Dayton, Ohio 
LEWIS, L. Logan ^ (M 1918), Chief Engr -Vice- 
Pres (for mail), Camer Corp, 8.50 Frclmg- 
huysen Ave, Newaik, and 724 Cnilton Ave., 
Plainfield, N J 

LEWIS, Samuel R."** (Af 1905), ^re^tdcnhal 
Member), (Pres , 1914, 2nd Vice-Prca , 1010; 
Board of Governors, 190')-1910-1012; Council, 
1914-1915), Consulting Mech Engr (for mail), 
407 S Dearborn St , and 4737 Kimbark Ave , 
Chicago, III 

LEWIS, Thornton* (M 1910), {PresidrrUtal 
Member), (1st Vice-Pres , 1028; 2nd Vice-Pres,, 
1927, Council, 1923-1930), Pulp Products C'o , 
Inc , 60 East 42nd St , New York, N Y , and (for 
mail), 156 Irving Ave , South Orange, N ] 
LIBBY, Ralph S. (7 19,43), Air Cond Engr. 
Arthur S Leitch Co . Ltd , 1123 Bay St , and (for 
mail), 275 Winona Dnve, Toronto, Ont., Cinada 
LICHTY, Gharies P. (M 1920), Pres (for mail), 

C P Lichty Engineenng Co , Inc , 400A/ South 
2l8t St , and 125 Windsor Dnve, Birmingham, 
Ala 

LIEBRECHT, Walter J. (7 1036), Sales Engr. (for 
mail), Amencan Radiator Co , Fouith and 
Chanmng Sts. N E., and 3032 Rodman St N W., 
Washington, D C 

LIGHTHART. Charles H (Af 1935), Mfra 
ales Engr. (for mail), 254 Court St , and 19 E. 
Wmspear Ave , Buffalo, N Y. 

LBLJA, Oscar L. (7 1036), Mech. Engr, Toltz, 
King & Day, Inc , 1500 Pioneer Bldg , St. Paul, 
and (for mail), 2543 Clinton Ave , Minneapolis, 
Minn 

LINCOLN, Roland L. (Af 1935). Engr , Hoffman 
Specralty Co , 193 Grand St , and (for mail). 
487 Farmington Ave , Waterbury, Conn. 
LINDBERG, Arthur F. (7 1936, S 1933), Admmi- 
strati^ Inspector of Colorado Parks, National 
Park Service, 915 Midland Savings Bldg , and 
(for mail), 428 Humboldt, Denver, Colo 
LmGO, Charles K (A 1936; 7 1935), Air Cond 
Kngr (for ^1), Fionda Power & Light Co , and 
22^ S W Sixth St , Miami, Fla 

^ Consulting Engr, 

321 S Ashland Ave., LaGrange, III 
L^SENMEYER, Francis J. (Af 193.5), Head. 
D^t, M^ Engrg (for mail), Umversity ot 
Detroit, LivOTOis & McNichols. and 17376 
Praine Ave . Detroit, Mich 
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LINTON, John P. (M 1027), Vice-Pics and 
Manamin; Da , G.nth Co , St Henry Postal 
Station, Drawer fi, and (tor mail), 247 Brock 
Ave N , Montreal W , P Q , Canada 
LmLE, Kenneth B (,l 10.15), Siiles Enqr (for 
iiiail). The Hrownell Co , 7.16 Di\ie Terminal 
Bids , and 21.‘12 C'ranc Ave , Cincinnati, Ohio 
Lm'LEFORI), Wallace 11 (M lO-IO), Estimating 
EniJr (lor mail), E T Febiey & Co. 616 New 
York Ave NW, Waslunj^ton, D C., and 
Ilyattsville R K D No 1, Md 
LIVAR, Allen P (M mr^). Mgr., Mech Equip 
IDiv (for mail), Reynolds Corp , 19 Rector St , 
New York, and 8d0 Bron\ River Rd , Bronxville, 
N Y 

LLOYD. Edmund tl (J 1930), Sales Engr, 
Washington Gas Light Co , 411 Tenth St N W , 
and (loi mail), 2001 Calvert St NW, Wash- 
ington, D C 

LLOYD. Edward C (M 1927), Director of Tech 
Scivice (for mail), Armstrong Cork Products Co,, 
and 129 W Walnut St , Lancaster, Pa 
LOCIlirEAD, Kenneth Y (J 1930), Asst, to 
Snpt of Bldgs (tor mail), Hudson’s Bay Co,, 79 
Main St , and 19 Royal Oak Court, Winnipeg, 
Man , Canada 

LOCKE, Robert A (^1/1035), Mgr , Steel Heating 
Boiloi Institute, and (for mail), 500 N Union St., 
Middletown, Pa 

LOCKUAR'r, Harold A (A 1930; J 193.5), Chief 
ICngr , Hell & (ionsett Co . 3000 Wallace St . and 
(ti)i mail), 11719 ILile Ave , Clncago, 111 
LOCKHART, William R. (J 10.10), Air Cond 
ICngt (loi mail), York Ice M.ichinery Coip , 215 
Investment Hldg, and 5310 Reno Rd NW. 
Washington, D C 

LOEFFLKR, I-YanlcX. (ilflOW), Pres (for mad). 
TaienUei-Gieene Supply Co, 1004 NW Fifth 
Sl„ and 320 Noithwcst 20th St , Oklahoma City. 
OUa 

LOEFFLER, Louis, Jr, (/ 1936, 5 1934), 1816 
W Ninth St . Oklahoma City, OkU 
LOtTE, John A. (J 19.10, 5 19,1.0, Engr , Pflugradt 
<V) , 215 W Kilbouin \ve , and (for mail), 2305 
W, Wisconsin Ave , Milwaukee, Wis 
L0<;AN, 'rhomaa M, (5 103.5), 330 North St. 
Murphvsboro, and (lor mail), 108 N Romine 
St , Ch.unpaign, III 

LOH, Nan-Sheo (M 19,1,1, A 1931; J 1927), Mgr. 
(ioi ninil), New Shanghai Heating & Plumbing 
Co , Room 330, National Commercial Bank 
Bldg , 400 Kiangbc Rd • Slianghai, China 
IwONC, Dewey J. (A 1937), Solcb Engr (for mail), 
Wni C; Boalos Co , 0430 Hamilton Ave , Detroit, 
and ‘KiO Prison Ave , Ferndale, Mich 
LONG, Wayne E. (i/ 1931)), A&soc. Prof, of Mech. 
ICngig, Tc’kis AgiiculLural & Mechanical Col- 
lege, ('ullege Station, Texas 
LON<JCX)Y, Grant B, (M 103.3), Maintenance 
Kngr„ ("leveland Roaid ol Education, E Si-icth 
St , <ind (tor mail), 1215 Ramona Ave., Lake- 
wood, Ohio, 

1.00, Pinft Yok (M 1033), Gen. Mgr. (for mail), 
China Engineering Co„ 774 N Chung San Rd , 
Niinkmg. and 271-73 Dumbarton Rd , Tientsin, 
China. 

LOUCHIRAN, Patrick H., Jr. (/ 1937), Cadet 
Fngi , Washington Gw Ught Co , 1100-29th 
St N.W., and (lor mad), 4513-49th St., Wash- 
ington, D. C. 

LOVE, Clarence II, (U 1919), Mfrs Agent, Nash 
Engineering Co., 317 Chambei ol Commerce, and 
(loi mail), 289 Norwalk Ave., Buffalo, N Y 
loving/ WUU am H. (J 1030), Htg Engr., 
Washington Gas Light Co , 411 Tenth St N W„ 
and (lor mail), 110 Maryland Ave N E , Washr 
mgton, D C 

LOWNSBERY, Benjamin F. (M 1920).^ Htg 
Engr, Benjamin F Shaw Co, Second and 
Lombard Sts , and (for mail), 21 S Sycamore 
St., Wilmin^on, Dd. 

LUCK, Alexander W.* (Lt/e Member, M 1919), 
Pres and Oen Mgr« (for mail), Reading 
& Supply Co., Church and Woodward Sts, 
Reading, and Reififton, Fa 


LUCRE, Charles E. (M 1924), Stevens Prof of 
Mech Engrg, Columbia Umversity, and Con- 
sulting Engr , Babcock & Wilcox Co (for mail), 
Pupin Laboratones Bldg , Columbia University, 
and ISb Riverside Dnve, New York, N Y 

LUDERS, Richard H. (J 1930), 5642 W Division 
St , Chicago, 111 

LUND, Clarence E (M 1036, J 1936, S 1933), 
Warm Air Htg and Air Cond Inspector, Bldg 
Inspector, City of Minneapolis, 213 City Hall, 
and (for mail), 4817 12th Ave S , Mmneapohs, 
Mmn 

LUTY, Donald J. (M 1933), Chief Engr Air 
Cond Div (for mail), Gar Wood Industnes, Inc , 
7924 Riopelle St , Detroit, and 911 Forest Ave , 
Ann Arbor, Mich 

LUTZ, James H., Jr. (M 1928), Owner (for mail), 
140 Paxton St , and 1001 Foster St , Hamsburg, 
Pa 

LYLE, Ernest T. (M 1919), 52 Grammercy Park 
N , New York, N Y 

LYLE, J. I.'' (M 1911), (PrestderUtal Member)^ 
(Pres, 1917, Council, 1917-1918), Pres (for 
mail). Carrier Corp , 850 Frelinghuysen Ave , 
Newark, and 1200 W Seventh St , Plainfield, 
N J. 

LYMAN, Samuel E. (A 1924), Buensod, Stacey 
Air Conditioning, Inc , 00 Eiast 42nd St , New 
York, N V , and (for mail), 820 Canton SL, 
Ehzabeth, N. J 

LYNCH, WiUiam L. (M 1028), Treas -Gen Mgr. 
(for mail), Rome Turney Radiator Co , Canal St , 
and 1413 N George St , Rome, N. Y. 

LYON, P. S. (M 1029). Sales Engr. (for mail), 
Turbine Equipment Co , 75 West St , New York, 
N Y . and 42 Hawthorne Place. Summit, N J 

LYONS, Cornelius J. (A 1932), Sales Engr (for 
mail), Nash Engmeenng Co , Wilson Ave , and 22 
Haviland St., &uth Norwalk, Coim 

LYONS, Michael A. {M 1936), Htg Contr , 238 
West 20th St , New York, N Y. 


MAGCUBBIN, Howard A. (M 1934), Buyer, 
Htg. Matenals, Montgomery Ward & Co, 
Chicago, and (for mail), 2135 Ridge Ave . 
Evanston, 111. 

MacDADE, Ambrose H. (M 1923), Sales (for 
mail), Burnham Boiler Corp , S E Cor. 31st and 
Jefferson Sts , Philadelphia, Pa , and 225 Haddon 
Ave, Westmont, N J 

MacDONALD, Donald B. (M 1930) , Mgr , C A 
Dunham Co , 101 E Walnut St , Kingston, Pa. 
MacDONALD, Douglas J. (Af 1935), Vice-I^es 
(for mail). Dominion Radiator & Boiler Co, 
Ltd , 1322 Duffenn St , and 96 Hudson Dnve, 
Toronto, Ont , Canada 

MacDONALD, Everett A. (A 1933), Branch Mgr. 
(for mail), Spencer Heater Co , 115 Broadwavi 
Cambndge, and 154 Standish Rd., Watertown, 
Mass ^ _ 

MAGHEN, James T. (/ 1934), Chicago Branch 
Mgr (for mail), The Ric-wiL Co , 111 W Monroe 
St , and 420 Diversey Parkway. Chicago, 111 
MACHIN, Donald W. (J 1935), Fuel Engr, 
Pittsburg & Midway Coal Mining Co., 810 
Dwight Bldg , Kansas City, Mo , and (for mail), 
2029 Vermont St , Lawrence, Kans. 

MACK, Ludwig (M 1935), Diet Mgr . Cooling & 
Air Conditioning Corp i Cresmont and Haddon 
Aves , Camden, N J , and (for mail), 246 W. 
Upsal St, Germantown, Philadelphia, Pa 
MacLEOD, Kennetli F. (A 1033), Mgr Htg 
Dept , Crane Co., 419 Second Ave S , and (for 
mail). 7703 First Ave N E , Seattle, Wash 
MacMfULAN, Alexander R. (M 1936), Sales 
Engr, Educational and Prom. Dept, Delco- 
Fngidaire Conditiomng Corp, and (for mail), 
130 Beverly Place, Da^on, Ohio 
MACRAE. Robert B. (/ 1936), Air Cond. Engr., 
E. J Ndl Co . Manila, P I 
MACROW, Lawrence U 1936), Engr (for mail), 
Gamer Coip , 850 FreUnghuysen Ave , Newark, 
and Kearny, N J. 




American SociExy of Heating and Ventilating Engineers Guide, 1937 


MADDUX, OUver L. (JJ" IGii, A 1933), Chief 
Engr , United Gas & Fuel Co of Hamilton, Ltd , 
88 King St E , and (tor mail), 18 Whitton Rd , 
Hamilton, Ont , Canada 

MADELY, Frederick J. (A 1936), Asst Contract 
Engr , Eastern Steel Products, Ltd , 1335 

Delonmier Ave , and (for mail), 6408 Louis- 
Hemon St , Montreal, Que , Canada 
MADISON, Richard D (M 1926), Research 
Engr (for mail), Buffalo Forge Co , 490 Broad- 
way, Buffalo, and 218 BranUood Rd , Snyder, 
N Y 

MAEHLING, Leon S. (^1/ 1932), Supervisor 
Sales, Equitable Gas Co , 427 Liberty Ave , and 
(for mail), 448 Sulgrave Rd , Pittsburgh, Pa 
MAGINN, Peter F (Life Memba, M 1908), 
Mfrs Agent, P F Maginn & Co , 207 Fulton 
Bldg , Pittsburgh, Pa 

MaGlRL, Willis J (M 1934, A 1931, J 1927), 
Chief Engr (for mail), P H MaGirl Foundry & 
Furnace Works, 401-13 E Oakland Ave , and 
108 Warner Ave , Bloomington, 111 
MAHON, B B (M 1933), Pnnapal, School of Air 
Cond (for mail). International Correspondence 
Schools, Ash St and Wyoming Ave , and 433 
Fig St , Scranton, Pa 

MAHONEY, David J (A/ 1930, A 1926), Branch 
Mgr (for mail), Johnson Service Co, 503 
Franklin St , and 130 Depew Ave , Buffalo, N Y 
MAIER, Albert H ( 1 1936), Chief Engr (for 
mail), Board of Education, Baltimore and 
Girard Ave , and 1021 Kuntz Ave , Middletown, 
Ohio 


MAIER, George M (M 1921), Asst to Vice- 
Pres and Gen Mgr of Mfg (for mail), Amencan 
Radiator Co , 8007 Jos Campau, Detroit, Mich 

MAILLARD, Albert L. (A/ 1934), Consulting 
Engr , Head of Air Cond Div (tor mail), Kansas 
City Power & Light Co , 1330 Baltimore Ave , 
P O Box 679, and 3740 Washington St , Kansas 
City, Mo 

MALLIS, William (A/ 1914), 330 Lyon Bldg, 
Seattle, Wash 

MALONE, Dayle G (A/ 1929, A 1925), Branch 
Mgr , Petroleum Heat & Power Co , 1725 S 
Michigan Ave , and 7315 Merrill Ave , Chicago, 
111 

MALONE, James S (A 1936), Dist Sales Repr 
(for mail), Hoffman Speaalty Co , 411 N Tenth 
St , and 7124 Waterman Ave , St Louis, Mo 

MALVIN, Ray C. (M 1929), Pres, (for mail), 
Malvin & May, Inc , 2427 S Michigan Ave , 
and 8220 Dante Ave , Chicago, 111 

MANAHAN, James E, (M 1934), Vice-Pres, 
Commeraal Engineering & Sales Coip , 283} 
Olive St , and (for mail), 3521 Juniatia, St Louis, 
Mo 

MANDEVILLE, Edgar W. (A/ 1914), 1171 East 
37th St , Brooklyn, N Y 

MANN, Arthur R. (JJ 1930), Owner, Mann & Co , 
Aicht -Engrs , 721 Wiley Bldg , Hutchinson, 
Kans. 


MANN. Lee B. (J 1930), Air Cond Engr (for 
mail), Gamer Corp , 830 Frelinghuyaen Ave, 
Newark, and 300 Montgomery St , Bloomfield. 
N J 

MINING, Walter M. (A/ 1930), Htg Engr , 
Crane Co , 115 E Front St , Grand Island, and 
P.O. Box 112, Clarks. Nebr 
MANNY, J Harvey (A 1936). Vice-Pres , Secy 
(for mail), Robinson Furnace Co , 213 W 
Hubbard St , and 5950 Midway Park, Chicago, 


M^CONETT, Vernon G. (A 1936), Engr. 
Factory Supt , Farquhar Furnace Co , and (for 
mail) , 208 Fulton St , Wilmington, Ohio 

1935), Ass^ Prof , Mech 
Engrg (for mail). University of Michigan, 241 
West Engrg Bldg, and P O Box 175, Ann 
Arbor, Mich 


MARKS, Alexander A. (A 1930), Asst Sales Mgr , 
Richmond Radiator Co , 2241 N Amencan St , 
Philadelphia, and (for mail) , 6635 McCallum St , 
Germantown, Philadelphia, 1^ 


MARKUSH, Emery U (3/ 19.31), Consulting 
Engr (for mail), 225 East 2lst St , New Yoik, 
and 8U2-S5th Rd , Woodhaven, L I , N \ 
MAROTTA, John A (.S lO.iO), 11116 Tustoia 
Ave , Cleveland, Ohio 

MARRINER, John M S (A/ 193D, Via*-Pics 
(for mail), Taylor & Engineering Consii action 
CO, Ltd, 11 King fat K, and lll'j Balsam 
Ave , Toronto, Ont , Canada 
MARSGHALL, Peter J (A/ 19 iO, T 1<)27), Engr , 
Kroeschell Engineering Co , 215 W Ontario fat , 
and (for mail), 2201 W Toiihy Av(‘ , Chicago, 111 
MARSHALL, Alexander G ( I 1936), Silcs 
Engr (for mail), Iranc Co ot Canada, Ltd , 660 
St Catherine fat W , and 235 i Wellington fat , 
Montreal, Que , Canada 

MARSHALL, William D (A/ 1935), Riaiich 
Mgr (foi maiB, Noland Co , Inc , 1S23 N 
Arlington Ridge Rd , and 1.107 N Wakeln^d fat , 
Ailmgton, Va 

MARTENIS, John V (M 1918), Vasoi Piol , 
University ot Minnesota, and (toi maih, ISOO 
Bloomington Ave , Minneapolis, Minn 
MARTIN, Albert B (A/ 1917), Kcwance Boilci 
Co , IS.’iS S Western Ave , Chicago, 111 
MARTIN, Georjlc W ^ (A/ 1911), faupei vising 
Engr (for mail), U S Realty & Improvement 
Co , 111 Broadway, New Yoik, N Y , ami 110 
Prospect St , Ridgewood, N J 
MARTIN, Leonard (J 19 hi), tvilcs ICngr (for 
mail), H L Peiler & Co , Ltd , 1.59 New Birks 
Bldg , and 1518 St Cathciinc St W , Montieal. 
Que , Canada 

MARTINEZ, Juan J. (J 1029). Rese.iich and 
Rate Engr , Mexican Light & Powei ('o , 1 td , 
Gante 20, and (for mail), Pasco dc la Reloima 
183, Mexico City, Mexico 

MARTINKA, Paul D (.S 1031), 13703 ChauLiii- 
qua Ave , Cleveland, Ohio 
MARTOCELLO, Joseph A (A/ 19,31), Pies , los 
A Martocello & Co , 229 North l.itli St , Phila- 
delphia, Pa 

MARTY, F^ftar O (U 191(0, Pies and Gen 
Mgr, Indun Head Anthracite, Inc, Thompson 
Bldg, and (tor mad), 1775 Howard \ve , 
Pottaville, Pa 

MARUM, Otto (A/ 1<>31), Plant Ifingr , \gta 
Anaco Corp, 29 Charles St, and (lor mail), 
12 Grand Klvd , Bingluimton, N Y 
MATCHETT, James O. (A/ 102.3), Vice-Pn s and 
Gen Mgi (toi mail), Illinois Engineering C'o , 
2l8t St and Racine Ave , and 9936 S. Winchester 
Ave Chicago, 111 

MATHER, Harry H (I 1920), Promotional 
Analysis Secy (foi mad), Philadelphia FleUiic 
Co , 1000 Chestnut St , Philadelphia, and i73 
Lakeview Ave , Drcxel IIill, Pa 
MATHIS, Euftene^ (A/ 1022). (tor mail), New 
York Blower Co , 32nd St and .Shields \ve , 
Armour P 0 Station, and 0151 S Iloyne \ve , 


Chicago, III 

MATHIS, Henry (ik/ 1921), New Yoik Blower 
Co, 32nd and Shields Ave, and (tor m.\il), 
10317 Oakley Ave , Chicago, 111 
MATHIS, Julien W (4 1021), New York Blower 
Co , 32nd St and Shields Ave , Chicago, III 
MATTHEWS, John E. (A/ 193 1; A 1934), Dist 
Mgr , B F Sturtevant Co , 1100 Commerce 


Bldg , and (for mail), .5042 Lydia St , Kanstis 
City, Mo 


MATZEN, Harry B. (A/ 1919), York Ice Ma- 
chinery Corp , 42nd St. and Second .Xve , 
Brooklyn, and (for mail), 16 Addison place, 
RockviUe Centre, L I , N Y, 

MAUTSCII, Robert (I 1928), Engr, Managing 
Dll (for mail), Corapagnie Beige Dcs Kreins 
Westinghouse, 97 Avenue Louise, Bru'wels, 
Belgium 

MAWBY, Pensyl (A/ 1934), Service Engr., 
Lehigh Navigation Coal Co , 143 Libcity St . 
New York, N Y , and (for mail), 718 Center 
Ave , River Edge, N J 

MAXWELL, George W. (M 1935, 5 19.32), Engi , 
Kenealy & Maxwell, Mam St , and (for nuil), 
P O Box 422, Harwich Port, Mass 
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MW, (llarcnce W (A/ 1083), Consulting Engr 
(tor mail), t2(S Smith Tower, and 902 W Halli- 
(1.U , Seattle, Wash 

M>VY, Edward M (AI 1931), Engr, Combus- 
tioneer, Inc , 1825 S Michigan Ave , Chicago, 
and (tor mail), 1022 Hayes Ave , Oak Paik, III 
MAY, CJeorfte E (A/ 1988), Utilization Engr (for 
mail), New Orleans Public Service, Inc, 317 
B.ironnc St , and 2081 Short St , New Orleans, 
La 


MAY, Janfies W. (J 1030). Asst Prof , H V & 
A C (tor nuiil). College of Engig , University of 
Kentucky, and 201 Lyndliurst St, Leungton, 
Kv 

MAY, Maxwell F (AI 1029), Secy-Treas (for 
nuul), Malvin & May, Inc, 332 S Michigan 
\vc , Chicago, and Palos Park, 111 
MAYES, Curtis (S lOSd). 1002 Northwest lOth 
St , Oklahoma City, Okla 

MAYETTE, Charles E (AT 1920), P O Box 523, 
Wa^hlngton, D C 

MAYNARD, Herbert R (J 1930; S 1935), 1725 
Woodland Ave , Duluth, Mmn 
MAYNARD, J Earle (il/ 1931), Chief Htg Engr, 
1 m ) v Furnace Co , Woodford St , and (for mail), 
324 Kiith St , Elyria, Ohio 
McCauley, James H (A/ 1021), Pres (for mad). 
J II McCauley, Inc. 5558 West 05th St, 

I hicago, and 707 William St , River Forest, 111 
McCLELIAN. James E. (M 1922), Branch Mgr 

(for mail), American Blower Corn . Room 1401, 
22S N La&lle St , Chicago, and 8844 LaCrosse 
Ave , Niles ('enter, 111 

McCUNTOCK, Alexander, Jr (M 1928, J 1920), 
Membei of Firm (for mail), A M McClintock’s 
Sons, 1037 Ridge Ave, and 121 Rochelle Ave, 
Philadelphia, Pa 

MtCLINTOCK, William (Af 1935), Supervising 
lingr , Department ol Parks, City of New York, 
.37-18 Wcbt Ofith St , and (lor mad), 2 N Pine- 
hnrst Ave , New York, N Y 
McCLOUGIIAN, Charles (I 1930, 5 19.34), 

II ('ottage St E, Norwalk, Conn, and (tor 
mail), 2?) Ryeison St , Brooklyn, N Y 

McCONACHIE, Lome L. ( 1 1928), Htg and 
Plbu , 1008 Marykind Ave , and (for mail), 
1379 M.iryland Ave , Detroit, Mich 
McCONNER, Charles R (A 1925, J 1022), Gen 
Sides Mgr (for mad), Clorage Fan Co , and 1904 
W.utc iVvc , Kalamaaoo, Mich 
McaiRMACK, Denis (A/ 1933), Mgr , Air Cond 
Instruments and Controls Dept (for mad), 
luhen P Friez & Sonb, Inc , 4 N Central Ave , 
Baltimore, and Lutherville Post Office, Balti- 
moic County, Md 

McCOY. C E (A/ 1930), Engr and Contractor, 
Brook Turner, Warren, Ark (for mail), P O. 
13o\ 222, Benton, and Little Rock, Ark 
McCOY, T. F. (A/ 1924), Mgr (for mad), Powers 
Regulator Co , 125 bt Botolph St , B(^on, and 
Gl<‘n Rd , WellcfeleyJ:''anns, Mass 
McCRAE, George W. (A 1930), Mech Engr, 
Tolm McCrae Machine & Foundry Co , 81 
Wilhara St N , and (for mail), 51 Bond St , 
Lindsay, Ont , Canada 

McCREA, Joseph B (M 1937), Owner, Heating 
Ik Ventilating, 3039 Cophn Ave , Detroit, Mich 
McCREERY, Hugh J (M 1922). (for mail), 
Marine Bldg , and 1617-49th Ave W , Van- 


couver, 13 C „ 

McCRlMMON, A Murray (A 1935), Asst Secy 
and Conti oiler (for mad), Hydro-Electnc Power 
Commission, 620 Umveraity Ave , Toronto 2, 
Dnt , and 83 Glen Rd , Toronto. Ont , Canada 
McCUDLOUGH, Henry G. (M 1936), Mct, 
Commeraal Dept , S S Fretz, Jr , Inc , 2614 N 
Broad St, Philadelphia, and (for mad), 328 
Glen Echo Rd , CSeraxantown, Philadelphia, Pa 


McCUNE. Byron V. (M 1928), 2310 W Yajama 
Ave, and (for mad), 101 W. Yakima Ave, 
Yakima. Wash 

MCDONALD, Antihony K (A 1936), Zone Mgr.. 
Oil Htg Div . Standard Od Co of New Je^y, 
201 Constitution Ave, and (for mail), 3035 
Rodman St N W , Washington, D C 


McDonald, Thomas (A 1931), Mgr (for mad), 
Minneapolis-Honeywcll Regulator Co , Ltd , 
117 Peter St , and 56 Kiugsway, Toronto, Ont , 
Canada 

McDonnell, Everett N. (M 192.3), Pres (for 
mad), McDonnell & Miller, Wngley Bldg , and 
Drake Hotel. Chicago, 111 

McDonnell, John E. (A lOSC), Sales Engr (for 
mad), McDonnell 8c Miller, 400 N Michigan 
Ave , and 0101 Shendan Rd , Chicago, 111 
McDowell, Bert W (J 1935), ScobeU & 
Winston, 2027 State St , Erie, Pa 
McELGIN, John W* (7 1931), 180 Rowland 
Park, Cheltenham, Pa 

McELHANEY, Gerald W. (7 1936), Air Cond 
Engr (for mail), Pennsylvania Power Co , and 
421 Noiwood Ave , New Castle, Pa 
McEWAN, Eugene E (M 1930), Sales Mgr , Air 
Cond Div (for mad), Fngidaire Corp , 224 
We&t 57th St , New York, and Seawane Club, 
Hewlett Harbor, L I , N. Y 
McGAUGHEY, John E , Jr. (7 1935), Air Cond 
Engr (tor mad), Gamer Corp , 408 Chrysler 
Bldg , New York, N Y , and Hotel Winfield 
Scott, Elizabeth, N J 

McGINNESS, J. E. (M 1903). Pres (for mad), 
McGinness, Smith & McGmness Co , 527 First 
Ave , and 142 Bellfield Ave , Pittsburgh, Pa 
McGONAGLE, Arthur (M 1932), Consulting 
Engr (for mad), 1013 Fulton Bldg , Pittsburgh, 
and 0815 Prospect Ave , Ben Avon, Pa 
McGRAIL, Thomas E (M 1920), Mgr. Htg 
Dept , Crane, Ltd , Beaver Hall, and (for mad), 
W A 9087, 3406 Belmore Ave, Montreal. 
P Q , Canada 

McGUIGAN, L. A. (4 1019), Salesman. National 
Radiator Corp , and (for mad), 724 Hastings 
St , Pittsburgh, Pa 

McILVAINE, John H + (ikf 1929), Pres and 
Treas (for mail), Mcllvaine Burner Corp , 663 
W Washington Blvd , and 1100 Lake Shore 
Drive, Chicago, 111 

MeINTIRE, James F. (M 1915, A 1014), (Coun- 
al, 1920-1928; 1932-1930), Vice-Pres (tor mad), 
U S. Radiator Corp , 1050-44 Cadillac Square, 
P 0 Bov 086, and 3261 Sherbourne Rd , 
Detroit, Mich 

McIntosh, Fabian C. (M 1921. 7 1917), 
Branch Mgr (tor mad), Johnson Service Co , 
1238 Brighton Rd , and 302 Marshall Ave , 
Pittsburgh, Pa 

McKEEMAN, Clyde A (M 1936), Asst Prof, of 
Mech Engrg (for mad). Case S^ool of Applied 
Saence, Cleveland, and 1359 Lynn Park Drive, 
Cleveland Heights, Ohio 

McEIEVER, William H.-*' (Life Member, M 1897; 
7 1896), Pres (for mad), William H McKiever, 
Inc , 247 West 13th St , New York, and 479 
Eighth St , Brooklyn, N Y 
McKINLEY, Carroll B. (7 1936, 5 1934), Service 
Mgr (for mail), New York Lipman Corp , 1716 
Main St , and 90 N Pearl St , Buffalo, N Y. 
McKinney, WUllam J. (A 1934), Mgr , Atlanta 
Diet , Amencan Blower Corp , 716-101 Manetta 
St Bldg , Atlanta, Ga 

McKITRlCK, Walter D. (M 1936), Htg- Vtg 
Engr (for mad), Mdls, Rhines, Bellman & 
Nordhoff, Inc, 518 Jefferson Ave, and 3038 
Gunckel Blvd , Toledo, Ohio. 

McKITTRICK, Percy A. (A 193^, Treas -Gen 
Mgr. (for mail), Psurks-Cramer Co , 970 Mam 
St . and 219 Blossom St . Fitchburg, Mass 
McLaren, Fred S. (7 1935), Air Cond Eassr , 
Fngidaire Corp , 4436 Toulouse St , and ^or 
mad), 1032 Broadway, New Orleans, La. 
McLARNEY. Harry W. (M 1933), Air Cond. 
Engr , Umon Electnc Light St Power Co , 315 
North 12th Blvd, St Louis, Mo 

McLaughlin, Joseph d. (a 1930, 7 1928). 

Owner (for mad), Braley & McLaughlin, 166 
Abom St , and 46 Roslyn Ave , Providence, R. I. 
McLEAN, Dermid (M 1917), McCoU-Snyder & 
McLean, 2304 Penobscot Bldg . Detroit, Mich 
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McLEAN, James E. (M 19 Bb), Supt , Buildings 
and Grounds Dept , Uni\ ersity of Pittsburgh, 
and (for maill, 520 Bigham St , Mt Washington 
Station, Pittsburgh, Pa 

McLEISH, WilUam S. (4 1932, J 1928), Dist 
Engr (for mail), Ric-wiL Co , 101 Park Ave , 
New York, and 4116 47th Ave , Long Island 
City, N Y 

McLENEGAN, Da>id W ' (JJ 19i.3), Asst Engr , 
Air Cond Dept (tor mail). General Electnc Co , 
5 Lawrence St , Bloomfield, and 73 Arlington 
Ave , CaldweU, N J 

McLOUTH, Bruce F (M 1936, J 1930 Chief 
Engr , Heater Div (tor mail), Dail Steel Products 
Co , E Mam St , Lansing, and 135 Gunson, 
East Lansing, Mich 

McMahon, John E (5 1936), Safety Engr. 
Liberty Mutual Insurance Co , 230 E Ohio St , 
and (for mail), 7712 N Pauhna St , Chicago, III 

McMAHON, Thomas W, (M 1928), Dist Sales 
Mgr (for mail), American Blower Corp , 1715 
Railway Exchange Bldg , and 6151 Waterman 
Ave , St Louis, Mo 

McMUNN, A H. (J 1936, S 1934), (for mail), 
4915 Forbes St , Pittsburgh, Pa , and 311 St 
Clair St , Clarksburg, W Va 

McMURRER, Louis J. (M 1928, A 1928, J 1924), 
Pres , McMurrer Co , 303 Congress St , Boston, 
and (tor mail), 190 Har\ard Circle, Newtonville, 
Mass 

McNAMARA, William (4 1930), Mgr (for mail), 
Trane Co , 2094 University Ave , and 1355 Como 
Ave W , St Paul, Mmn 

McPherson, William A (M1929),Ch'ef. Htg 
and Vtg Div , Dept of School Bldgs , 11 Beacon 
St . Boston, and (for mail), Sb Dwmnell St , West 
Roxbury, Mass 

McOUAID, Daniel J. (M 1934), Owner (for mail), 
D J McQuaid Engineenng ^rvice, 614 Coopw 
Bldg , and 1503 Milwaukee St , Denvei. Colo 

(McTERNAN, Felix J. (A 1931). 1523 Mam St, 
Buffalo. NY 

MEAD, Edward A, (M 1926), Asst Sales Mgr 
(for mail), Nash Engineering Co , and 5 Thames 
St , Norwalk, Conn 

MEAKIN, John B. (J" 1935), Sales Engr , Heating 
Equipment, 17 Farnsworth St , Boston, Mass . 
and (for mail), 673 Chestnut St , Manchester, 
N H. 


M£AR$, Leon A. (J 1935), 721 Alice St , and (for 
mail), 4035 Greenwood Ave , Oakland, Calif 
MEFFERT, George H. (J 1930), Engr (for mail), 
Camer-Bock Corp , 2022 Bryan St , and 4134} ^ 
Prescott Ave , Dallas, Texas 
MEHL, Oscar H. (J 1935), Engr (for mail), 
Carrier Corp , 2022 Bryan St , and 5002 Colum- 
bia Ave , Dalks, Texas 

MEHNE. Carl A. (M 1920), Htg and Vtg Expert 
(for mail) , 101 Park Ave (Room 821) , New York, 
and 35 Lmugston St , Valhalla, N Y 
MEINHOLTZ, Herbert W. (M 1930), Branch 
Mgr (for mail), York Ice Machinery (^orp, 
603H W Mam St , and 3012^ Classen, Oklahoma 
City, Okla 

MEINKE, Howard G (M 1933), Asst Engr (for 
mail), New York Edison Co , Inc , 4 Irving 
Place, New York, and 41 Harte St , Baldwin, 
L L. N Y 

MEISEL, Carl L. (A 1936, J 1931), 240 West 98th 
St , Apt ^D, New York, N Y 
MELLON, James T J. (A/ 1911), Owner (for 
mail), Mellon Co , 4415-21 Ludlow St , and 431 
, Nor^ 63rd St, Philadelphia, Pa 
MENDEN, Peter J. (M 1935), Secy , Thomas 
Heating Co , Inc . 1040 Hemck Ave , and (for 
• Racme, Wis 

MENSlfrlG, Frederick D. (Af 1920), Consulting 
Eaff , Menamg & Co , 2846 Frankford Ave , 
Philadelphia, Pa 

MERLE, Andr6 (AI 1934), Chief Engr,, Control 
Corp of Amenca, Inc (for mail), 37a2-S5th St , 
Jackson Heights, L I , N Y 
MERRILL, Carl J (AT 1919), Treas, (for mail), 
C J Me^l, Inc , M St John St , and 15 Long- 
fellow St , Portland, Maine. 


MERRILL, Frank A (M 1931), Consulting Engr 
(tor mail), Olfice of Hollis French, 210 South St , 
Boston, and 10 Vuburndale Rd , Marblehead, 
Mass 

MERRITT, C J (3/ 1925), Dinvtor, Mcrntt, 
Ltd , 8 Ficnch Bund, Shanghai, China 
MERTZ, W A (U 1919), Secy (tor mail), Kehm 
Bros Co , j 1 K Grand Vvc , and 37 53 N Heeler 
Vve , Chicago, 111 

MERWIN, Gile L (M 1921, 7 192 5), Secy- 
Treas , Rocktord Plumbing Supply Co , 700 S 
Main St, and (lor mail), 1536 Myott Ave, 
Rockford, 111 

MESSENGER, Theodore I. ( I 1936), Power 
Engr (for nnil), Birffalo Niag.ira & liastern 
Power Corp , 50 1 Electnc Bldg , and 110 Nor- 
wood Vve , Buffalo, N Y 

MEYER, Frank L. (A/ 1052, J 1928). Vice-Pres , 
Mej-er Furnace Co , and (lor mail), U Cole 
Court, Pcona, 111 

MEYER, Henry C , Jr i (M 1898), (Council, 
191 >-1916), Pres (lor maih, Meyer, Stioiig & 
Jones, Inc , 101 Park A\e , New York, N Y , and 
25 Highland Ave , Montclair, N ] 

MEYER, John W. (I 1920), 5000 Pine St, 
Philadelphia, Pa 

MIGHIE, D Fraser (,1 l‘)50), Engig S,iles Dept . 
Crane, Ltd , 93 Lombard bt , and (lor mail), 
5 B, >53 Wardlaw Ave, Winnipeg, Man, 
Canada 

MIDDLETON, David K (7 193<)), Branch Mgr . 
Johnson Service Co , and (toi mail), 1100 North- 
west 38th St , Oklahoma City, ( )kla 
MIDDLETON, Howard A ( I 1935), Prop , 
Middleton Electric Co , 511 S Ohio bt , Scdalia, 
Ohio 

MXLENER, Euftono D (3/ 1030), Secy , Iiidiihtnal 
Gas Section (tor mail), Amciiain Gas Associa- 
tion, 420 Lexington Ave , Suite 550, New York, 
and 3710-^3rd St , Jackson lleigUta, N Y 
MILES, James G (A/ 1911), Dept Mgr. (for 
mail), Henry Furnace & Foundiy Co, 3171 
East 49th St , and 1803 Ciawiord Rd , Cleve- 
land, Ohio 

MILLARD, Junius W. (A/ 1929), Dist Mgr, 
Carrier Corp , Statlcr Bldg , Boston, Mass 
MILLER, Bruce R. (Al 1935; A 1930), Mcch 
Engr , Leo Slanders Construction Co , Tradcb- 
man National Bank Bldg, and (lot mail), 1533 
Northwest 25tli bt , Okhilioma City, Okla. 
MILLER, Charles A. ( I 1917). S.ilesman (lor 
mail), H B Smitli Co , 10 IList llbt St., and 
2870 Manon Ave , New York, N Y 
MILLER, Charles W. (AX 1919, 7 1908), Pres (lor 
mail), Rado Co , 338 S Second St , Milwaukee:, 
and R-1, Box 42, Menomonee Falls, Wis 
MILLER, Edgar R (A 1035), Chief Engr (for 
mail), Winnipeg Cold Storage, Cor Jarvis and 
Salter and Ste O, Bexley Coiiit, Winnipeg, 
Man , Canada 

MILLER, Floyd A. (AX 1011), Asst Dist Engr , 
U S Treasury Dept , Public Bldgs Branch, and 
(for mail), 377 U. S Court House, Chicago, 111 
MILLER, George P. (Af 1936), Mgr Wablungton 
D C , Sales Olfice (for mail), C A Dunham Co , 
1625 K St N W, Washington, D C , and 209 
Connecticut Ave , Kenbington, Md 
MILLER, Harold A (7 1930; 1035), lO()<)-2Uh 

Ave S E , Minneapolis, Mmn. 

MILLER, H. M (AX 1920), 3038 N Stowell Ave , 
Milwaukee, Wis 

MILLER, Jacob (AX 1936), Pres (for mail), 
Umver^ Heating Co , Inc , 121 St Marks 
Place, New York, and 435 East 92iui St , Biookr 
lyn, N. Y 

MILLER, James E. (Af 1914, 7 1012), Heating 
Contractor, 2210 Colfax bt , Evanston, 111 
MILLER, John F. G. (AX 1916), Vice-Pies (tor 
mail), B F Sturtevant Co , Damon St , Hyde 
Park, Boston, and 20 Chapel St , Brookline, Mass. 
MILLER, Leo B. yX 1926), Mgr , Refngeration 
and Air Cond. Div (for mail), Minncapohs- 
Honeywell Regulator* Co , 801 Second Ave , New 
York, and 06 Charlotte Place, Hartsdale, N, Y. 
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MlfXKR, Lester L (S 10 il), <>2,»-14Lh Ave, 
Minneapolis, and (tor mail), 2127 Tenth Ave , 
IIibbinK, Minn 

MILLICK, Prof Lorin G. (A/ Head, Dept 

ol Mcdi hnmK (tor mail), MiLliiftau State 
('olleue, R K Olds Hall, and r)25 Albert St. 
h«ist I«insinvt, Mich 

MILLICK, Merl W (A/ 10.12, I 1012. J 102(0, 
Mirr ot I>ab (tin mail), Tiane Co , and .133 
Noith 2.1til vSt , l.aC'i(isse, Wis 

MILLRK, Robert A ‘ (A/ l‘Ml), fcth Siles 
Rmtt (toi mail), Pittsbiiidi Pl.ite Glass Co. 
2200 Giant HUIk , Plttsbllr^ll, and 1211 ( arlisle 
St , Taicntiim, Pa 

MILLKR, Robert IC (7 lO.l.’b, Kiles Rn^r (lor 
mail), AiiieiiC4in Radi.itor Co, l.llt Hioadway, 
and 18201 Riiclicieht Unve, Dctro't, Midi 

MILLER, Robert T (I 1027). Chid EnRi (for 
nuiil). Masonite ('otp , 111 W Washington St, 
Clucago, and 1228 Simnvbide Ave. Chicago 
Heights, 111 

MILLER, Tolbert G ( I 1020. J 1021), Supt and 
Kngr . Ilerfe Pros, beventli and Itmeralds St, 
llarnsbiug, and (ior mail), 11 N Second St. 
Wormleysbiiig, Pa 

MU.LIKEN, J II. »• (A/ 1023), Uist Repr (ior 
iiuul), Ameiican Air Filter Co , Inc , 20 N 
Warkor Diive, Cluuigo, and 1021 Ridge Couit, 
Evanston, III 

MILLIKEN, Vincent D (1 lO.JO), Min. Service 
(Appointing Agents), (lor mail), 0918 Noimal 
Rlvd„ ChiCiU^), 111 

MILLIS, Linn W. (Lf/< Umlnr 1<)31, U 1018). 
Secy , Sci'uiity Stove & Mig Co , lldO Oakland, 
and (lor iu<ul), 3.'>31 W.ibabh Ave , ICansab City, 
Mo 


MILLS, Clarence A (A/ 101(0, Plot of Evpen- 
meutal Medicine, llnivoisity of Cinannati (lor 
mail), Cimmuati (lencial IlobpiUl, and 5010 
Obeilin Hlvd , Ciiiunniiti, Ohio 
MILLS. IlartKcll C (A 1085), Scileaman, Minne- 
a polls Gas Light Co , 800 llemiepin Ave . and 
(tor nuul), IbOO RUubd<>ll Ave . Minuc.ipolis, 
Minn. 

MILWARD. Robert K (A 1020), Mgr (tor mail), 
H S Radiator Corp , 127 CumpbeU Ave , and 
2*111 Calvcit Ave , Detroit, Mich. 

MINER. Major H. ij 1030, 5 1931), 1510»^J 
Northwest 25th St., OkUlioma City, Okla. 
MINOR, Frod K (A 1030), Dist Repr , American 
Air Flltei Co , lAulkley Bldg , Cleveland, Ohio. 
MITCHELL, CJbarles II. (A/ 1924), Engi , The 
Pels Co, 12 Union St, and (loi mail), 3U 
Spnng St, Portland, Maine 
MITCHELL, John G. (6’ 1030), 704 Delaware 
St S K , Minneapolis, Minn 
MPITENDORFF, Edward M. (A/ 1932), Asst 
ICngr , Sarco Co., Inc , 222 N Bank Drive, 
Chicago, and (ior mail), 950 Greenwood Ave, 
Winnetka, III 

MJOLSNES. Leonard O. (/ 1930, S 1936), 
018-15th Ave S E , Minneapolis, Minn 
MODIANO. Rone (A/ 1023), Managing Dir, 
earner Contmcntale, 4, Rue d’Aguebseau, Pans 
(Rs) and (for mail), 66 Boulevara Beausejour, 
Pans, (IOj), France. 

MOELLER, Robert (6' 1935), 3266 East 119th St , 
Cleveland, Ohio 

MOlIRFELD, Herbert H, U 1936), Air Cond 
Engr (for mail), Mohrfeld Engineering Co , Lees 
and Atlantic Aves , Collingawood, and B-102, 
Haddon Manor, Haddonhcld, N J 
MOLER, William 11 {M 1027: J 1923), Sales 
Engr. (for mail), York Ice Machinery Corp , 
412 Houston St , and 1030 High Pomt Dnve, 
Atlanta, Ga 


MOLLENBERG, Harold J. (Jkf 1930), Vice-Pres , 
Mollenberg-Betz Machinery Co.. 22 Henry St., 
Buffalo, and (for mail), 172 Weatgate Rd, 
Kenmore, N Y 

MONIOK, Fred R. <A 1030;), Mgr ffor mail), 
Cochran Sargent Co , 005 E Eighth St , and 
1114 S Si-rth Ave , Sioux Falls, S D 


MONIER, Kurt A J. (5 1935), A J Momer & 
Co (for mail), 1146 N Floreb, and 135 Ligustrum 
Dnve, San Antonio, Texas 
MONTGOMERY, Ora C. (M 1933), Asst Supt 
of Power (for mail), New York Central Railroad, 
Grand Central Terminal, Room 1812, 70 East 
45th St , and 265 West 84th St , New York. N Y 
MOODY, Lawrence E. (A/ 1019), Member of 
Firm (for mail). Moody Se Hutchison, 1701 
Architects Bldg , 17th and Sansora Sts , Phila- 
delphia, Pa , and 237 Jefferson Ave , Haddon- 
field, N T 

MOON, Frank L (A 1935), Utilization Engr , Los 
Angeles Gas & Electric Corp , 810 S Flower St , 
Los Angeles, and (for mail), 12(>1 Ruberta Ave , 
Glendale, Calif 

MOON, L Walter (Af 1915), Pres (for mail), 
Bindley Heating Co . .3834 Olive St, and 5006 
N Kingshighway, St Louis, Mo 
MOORE, G Herbert (A 1936, J 193.)), 17th floor, 
6 N Michigan Ave , Chicago, 111 _ 

MOORE, Don R. (5 1936), (for mail), 163 Pierce 
St , West Lafayette, Ind , and 402 W Penn St , 
Hoopeston. Ill 

MOORE, H. Carlton (Af 1935). Instructor m 
Mech Engrg (for mail), Massachusetts ^ti- 
tute ot Technology, Mech Engrg Dept , Cam- 
bridge, and 145 Beaumont Ave. Newtonville, 
Mass 

MOORE, H. Lee (A/ 1919), Repr (for mail), 
Buffalo Forge Co , 431 Fulton Bldg . Pittsburgh, 
and Maccus Rd , Ben Avon, Pittsburgh, Pa 
MOORE, Henry W. (M 1935), Mgr , Air Cond. 
Dept , Smith Distributing Co , Inc , 831 E 
Broadway, Louisville, Ky , and (tor mail), 816 
Gioenland Dnve, Murfreesboro, Tenn 
MOORE, Herbert S (A 1923), Dist Repr , Iron 
Fireman Mfg Co of Canada, Ltd , 602 St 
W , and (for mail), 107 Clendenan Ave . Toronto. 
Ont , Canada „ , « 

MOORE, Robert E (J" 1933), Junior ^les Ei^. 
(Div of), Manning. MaweU & Moore, ^6 
Communipaw Ave , Jersey City, N J , and (for 
mail), 1730 East 46th St , Brooklyn, N Y 
MOORE, R. Edwin (A 1928), m 

charge ot bales, Bell & Gossett Co , 3000 Walla« 
St , Chicago, and (for mail), 714 Brummel St , 

MORG^”' Glenn C (if IWl), Partna (fm 
mail), Morgan-Gemsh Co . 307 Esae^ 

5 Tenth St , and 4308 Fremont Ave S , Minne- 

McSScAN.^SSibert C. (AJ 1915), 31 i W Seymour 

MofeSlOTslSfti^^eston {M 1933), Gen Air 
Cond Repr (foi mail), JPublic Service 

6 Gas Co, 80 Park Place, Newark, and 85 

Halated St , East Orange, N J, , 

MORRIS, Arnold M. (/ IW), She^ M^l 
Worker, Philadelphia Navy Yard, Sh^ Metal 
Shop Bldg , No. 17, and (tor mail), 3022 Baltz 

MOiiR?sflFred^^ 1929), 14704 Stratmore 
Ave . East Cleveland, Ohio 
MORRIS, John A. (J 1936). Htg 
Robertson Co , Ltd . 946 William St .and (tor 
mail), 4134 Marlowe Ave, Montreal, Que, 

MORRISON, Chester B (A/ Mgr. (gr 

mail), York Shipley, Inc , 81 Tmkee Rd., and 347 
Route Cohen, Shanghai, China. 

MORSE, Clark T. (Asf 1913). 

American Blower Corp , 0000 Rus^l St , and 
16222 Shaftsbury Rd , Detroit, Mich 
MORSE, Floyd W. (A 1934), Asst Gen &le8 
Mgr }for mail), C^berlin Metal W^^« 
Stnp Co., 62 Vanderbilt Ave , Nw York, and 
112 Sycamore Ave , Mt Vernon, NY 
MORSE, Louis S.. Jr. (/ 1030). Cond ^es 
Engr. (for mail), Westerlin & Campbell Co , 
111^23^ Cornelia Ave , Chicago, 111 , and 19710 
Roslyn Rd , Detroit, Mich 
MORSE, Robert D. (if 1938), ^ 

mail), Amencan Blower Corp , 15^ F^t Ave. 

S , and 4316 East 43rd St , Seattle, Wash. 
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MORTON, Charles H (.4 1931), 1106 Sherman 
St S E , Grand Rapids, Mich 
MORTON, Harold S (M 1931), Sales En^r . 
Sutherland Air Conditioning Corp , 385 Min- 
nesota St , St Paul, and (for mail), 4330 Wood- 
dale A.ve , Minneapolis, Minn 
MOSES, Walter B , Jr (S 1936), 1920 Broadway, 
New Orleans, La 

MOSHER, Clarence H (A 1919), C H Mosher 
Co , 423 Ashland Ave , Buffalo, N Y 
MOSS, Edward (M 1920), Htg and Vtg Engr 
(for mail), New York Rapid Transit Corp , 385 
Flatbush Ave Extension, Brooklyn, and 9053- 
204th St . Holhs, L I , N Y 
MOTZ, O Wayne (Jl/ 1932), Consulting Engr, 
232 Paramount Bldg , Cinannati, and (for mail), 
2387 Irving Place, Norwood, Ohio 
MOULD, Delmar E (Ai 1936), Mgr (for mail), 
J W Mould & Son, 10708 Jasper Ave , and 
10548-12Sth St , Edmonton, Alb , Canada 
MOULDER, Albert W * (A/ 1917), Vice-Pres (for 
mail), Gnnnell Co , Inc , 260 W Exchange St , 
and 12 Blackstone Blvd , Providence, R I 
MOZLEY, Raymond G (7 1933), 737 Johnson 
Ave , Lakeland, Fla 

MUELLER. Harold C (M 1936, A 1930), Sales 
Engr (for mail). Powers Regulator Co , 2720 
Greenview Ave , Chicago, and 2720 Lawndale 
Ave , E\anston, 111 

MUELLER, Harold P (A/ 1936), Pres (for mail). 
L J Mudler Furnace Co , 2005 W Oklahoma 
Ave , and 4721 N lArkin St . Milwaukee, Wis 
MULLEN, Thomas J., Jr. (/ 1933), Sales Engr , 
B F Sturtevant Co . S14 Mills Bldg . 17th and 
Pennsylvama A\e , Washington, D C 
MUNIER, Leon L (5/ 1919, J 1915), Pres -Treas 
(for mail), Wolff & Munier, Inc , 222 East 41at 
St , New York, and 63 Columbia Ave , Hartsdale, 
N Y 

MUNN, E Fitz (A/ 1935), Designing (for mail), 
Over & Munn, 903 McArthur Bldg, and 65 
Berrydale Ave , Winmpeg, Man , Canada 
MUNRO, Inward A {Cliarter Membet, L’fe 
Member), Htg -Vtg Engr , 49 N W 34th Terrace, 
Miami, Fla 

MUNSON, James L (4 1935), 15 Parkwold 
Dnve W , Valley Stream, N Y 
MURDOCH, John P , Jr. (A/ 1937). Pres , John 
P Murdoch Co (for mail), 30th and Oakford 
Sts , and 5423 Cedar Ave , Philadelphia, Pa 
MURPHREE, Robert L (7 1936), Engr (foi 
mail), C P Lichty Engineering Co , Inc , 400i4 
South 2l8t St , and 1907-1 4th Ave N , Birming- 
ham, .Via 

MURPHY, Charles G (A 1936, 5 1934), 2766 
WoodhuU Ave , New York, N Y 
MURPHY, Edward T.** (M 1915), Vice-Pres (for 
mail), Camer Corp , 180 N Michigan Ave , and 
Seneca Hotel, 200 E Chestnut St , Chicago, 111 
MURPHY, Howard C * (A/ 1923), Vice-Pres (for 
^il), Amencan Air Filter Co , Inc , 215 Central 
Ave , and 495 Lighttoot Rd , Louisville, Ky 
murphy, Joseph R. (M 1934, A 192.3), Vice- 
Pres (for mail). Taco Heaters. Inc , 342 Madison 
Ave, New York, N Y , and The Terrace. 
Riverside, Conn 

MURPHY, William W. (A/ 1930), Treas (for 
• ^24 Worthington a , 
and 26 Mansfield St , Spnngfield, Mass 
MTORAY, Hmrward G. S (7 1930), Sales Engr 
(for mail), Humidaire Co , Ltd , 020 Cathcart 
St , and Apt 14-A, 3721 De L'Oratoire, Montreal, 
Que . Canada 

J* 1933), Salesman-Vice- 
Ptm . Pierce Perry Co , 236 Congress St , Boston. 

(for mail), 60 Commonwealth Park West. 
Newton Centre, Mass 

F* (^ State Arch , 

and (for mail), 14 S Lake Ave , Albany, N Y 
MUSGRAVE, Merrill N, (A 1935), Pres (for 
Sales Co , 314 Ninth Ave N , 
and 1005 E Roy St , Seattle, Wash. 

Mp:RS, ChMles R (7 1936, 5 1936), White 
Bear Lake, Route No 2, Minneapolis, Minn 


MYERS, Frank L. (M 1931), Sales Engr , Owens- 
Illinois Glass Co , Ohio Bldg , and (lor mail), 22 
Proctor Place, Toledo, Ohio 
MYERS, George W F (A/ 1930, 1 192S, 7 1923), 
Pres, Myers Engineering Lquipinent Co, .1917 
W Pine Blvd , St Louis, and (lor mail), 476 
Pasadena Vve , Webster Groves, Mo 
MYTINGER, Kenneth L (A/ 1936). Mgr , Air 
Cond Div (toi mail), Fit/gibboiis Boiler ('o , 
101 Park Ave, New York, N Y , and IP) I£ 
Bergen Place, Red Bank, N J 


NAROWETZ, Louis L , Jr (A/ 1929, I 1012), 
Secy ^or mail), Narowct/ Heating & Venti- 
lating Co , 1711-17 Maypole Vve , Chicago, and 
112 Park Ave , Park Ridge, 111 
NASS, Arthur F. (Af 1927), Secy -Treas (for 
mail), McGinneas. Smith & McGinnehb Co , 527 
First Ave , Pittsburgh, and Llmliurst Rd , 
R D No 8, Grafton P P , Pa 
NATKIN, Benjamin'' (il7 1909 , 7 1907), Pret, 
(for mail), Natkin & C'o , 2020 Wv<ind()tte, and 
5211 Rockhill Rd , Kansas C'lty, Mo 
NEALE, Laurance I ( 1 1927), 125 ICast 57th St . 
New York, N Y 

NEE, Raymond M (A/ 1936), Head of Engrg 
and Utilisation Div (tor mail), Edison Electiic 
Illuminating Co , 39 BoylsLon St , Boston, and 

10 Orkney Rd , Brookline, Mass 

NEILER, Samuel G (Life Member, M 1898), 
Senior Member (for mail), Neiler, Rich & ( o , 
Consulting Engrs , 431 b Dearborn SL , C'hic.igo, 
and 7.37 N Oak Park A\e . Oak Park. Ill 
NEIS, Willard A (S 1935), 5.5.38 Foibes St, 
Pittsburgh, Pa 

NELSON, Arnold W ( / 1936) , fkilesman, Amci ican 
Radiator Co , 1 Manor St , ami (lot mail), US 
Lake Ave , Albany, N Y 

NELSON, Arthur W ( I 19.16), Mgi , Brockton 

011 Heat, Inc , 27 Legion Parkway, Hiotkton, 
and (for mail), 12 Sylvan Rd , Sharon, Maas 

NELSON, Chester L (7 1929), .\ir Corn! ICngr , 
Sears & Piou, 305 Arbcnal St , and (lor mail), 
4425 South 37th St , St Louib, Mo 
NELSON, D W “ (A/ 1928), Asst Prof ot Steam 
& Gas Engrg (for mail), Umvcisitv of Wifl<oiisin, 
Mech Engrg Bldg, and 390(> ('ounul Cieat, 
Madison, Wis 

NELSON, Edwin L (A 193(0, Eugig Dept (foi 
mail). Union Ice Co, 1315 E. Seventh St, and 
4313 Victoria Ave , Los A,ugelefa, ('alit 
NELSON, George O (M 1923), ICngi , C'aiBtens 
Bros , Ackley, Iowa 

NELSON. Herman W (Af 1909), Pr(‘s , Herman 
Nelson Corp , 1824 Third Ave , and (for mail). 
2500-11111 St . Moline, III ^ 

NELSON, Richard U (.1 1933, 7 1928), Seoy- 
Treas , Herman Nelson Corp , 1824 Thud Ave., 
and (for mail), 1303-.30th SL , Moline, 111 
NESBITT, Albert J.* (M 1921, 7 1921), Secy- 
Treas (for mail), John J Nesbitt, Inc , State 
Rd and Rhawn St, Phikidelplua, and 304 
Evergreen Rd , Jenkintown, Pa 
NESBITT, John J (M l‘)23). John J Nesbitt, 
Rliawn St , Philadelphia, P.i, 
NESMITH, Oliver E (.1 1<)28), Htg Engi . 
Williams Oil-0-Matic ne.Uing Corp , and (lor 
Warner Ave , Bloomington, 111 

NESS. WiUiam H. C. (M 19.31), Gen Mgr (for 
n^l), Master Fan Coip , 132,3 Cluinmng St , and 

. Kingsley Drive, Los Angeles, Calif. 
N]^S1, Andr6 (M 1930), Ingi dcs Arts et Mfrs., 
Expert pres le Tnbunal Civil de la Seme (for 
mail), 1 Ave du President Wilson, Pans, XVI, 
France 

NEST, Richard E (M 1936), Oil Burner Div , 
Anchor Post Fence Co , Baltimore, Md , and (for 
mail), 725 Taylor St N W , Waslimgton, D. C 

(,^ ^^^3), Pres , Etablisscments 
P‘2® Fpuner, Lille (Nord), France 
NEWCOMB, Lionel B. (A 1030, 7 1933), Junior 
Engr , Philadelphia Electric Co , and (for mail), 
0050 Walton Ave . Philadelphia. Pa. ^ ^ 
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Roll of Membership 


NEWPORT, Oharlcb F > (?l/ l‘)0()). Sales En«r , 
Co , Midiiiian City, Ind , and (for 
in,ul), lOOOl LoHKWood Chicai?o, 111 

NICIEI.V, lohn E (A Salcbman, American 

R^idiator Co , and (foi mail), 1208 M.mon St , 
Reading, P.i 

NlOnOLLS, Percy* (A/ l«20), Supcivismi? Ensr , 
Iniol Scdion, U S llineau ol Mints, Pittsburgh, 

NICKLE, Arthur J ( 1 l‘U(»), Saks Engr (tor 
mail), Dai ling lirotheis, Ltd , HO Pnnee St , and 
Maud ‘\ve , Monlrr il. Que , Canada 
NIGUTINCJALE, Gcoijk F, (1 1031). Western 
Sales Mgr (loi mail), luttle & Hailey, Inc , hi 
W Kin/ie St , Clucago, and 021 S Maple Ave , 

NO iillS.* Walter W {M 1010). Consulting Engr, 
100 Victoria St , lamdon. wS W 1, and (for i^il), 

NOBLtrJamS'p.’''ri I'KW. U-st 

Reliigeiation KdUipment Co, 32 E hirst St, 
and dor iiuul), 228 Fountain Ave , Dayton, Ohio 
NOLL W^ E. (M l‘12l), Iltg and Vtg 
Contiaaor (for mail). (.20 Not th 27th bt . and 
i!8r»0 Noith I7th St., Milwaukee, Wis 
NOORl^ Doiiald F \s lo:r.), '.IS Warren St. 
Albanv. N Y , and (lor mad). 5510 Foibes St . 
PittsbutKh, Pa 

NORDINE, Louis F (A/ 101 1). Branch Mgr gor 
mail), Trane Co, 720 lackaou Place NW. 
Waslungion, D (' . and 812 Silver Spnngs Ave . 

NORTuSn^^LoiH^^^ 1020), Conaulting Enipr , 
l,i2 Park Ave , Mt Vernon, NY 
NOTTI»ER<J, Oustav ( 1 

imul), 11 S Engineeting ( o , Oil Campbell St , 
and 1835 K<ihi ()8th St reiidce, Kansas City, 

NOTTUKRCJ. llanry Sf 

mail), 11 S ICngineeiinR C o , Oil Campbell St , 
and 213 S Hales, Kaus.is ( ity, Mo 
NOVOTNEY, Thomas A (Ai 1028), (ren Mgr. 
C'onvc'ctoi Kdes. National Radiator Lo^ , and 
(for mad), 103 Wayne bt , Jo ^htown, Pa 
NcWiTZKY, irermaii b. ^ ’ 

('onstinetion, Maintemiine and R«*P‘i\rs. Wilmes 
& Vinamt ('oip (lUeaLmal ( ham). New York, 
N V , and (foi mad), 151 Tenth St , Norfolk, Va 
NUSUAUM, Lee** (Af 1015), 

Pennsylvania KnginecimK Co, llltkil N 
Ilowaid St , and 315 t'aipentcr Lane, German- 
town, Philadelphia, Pa 

NVB L, Beit.Ji (J mi). IltR RnRi .WasjuM- 
^ ton Gas Light t‘o , '111 Tenth St N W , and (for 
mil)rf«)<n2>Kl St N.W , WaiUiiKSton, D C 


OAKBY, William E. (4/ 11)32). Conaultm* Engr . 

OAKs'^'^on 0. (4/ 1017). EmscuUvc Enxr , 
American Radiator C'o , 'll) West 10th St , New 
York, N Y , and (tor mail), 110 Oakiidge Ave • 

OATO^Walter A. (IX 1«31). Hts and Industnal 
ICnni Lynn G.i6 St Electric Co . iW Evc^nue 
St fkid 5oi mail). 28S Lynn Shore Drive. Lynn. 

O’BANNON, Leetor S •* (4X 1028). Prof of Hmt- 

‘’po^EnKrR.lIcad-Dcpt ofMedi Ews tfor 
mail). University of Kentucky, and 123 State St , 

OBER^^Sirry C. ( I 1033). Mgr Engrg Dept . 

°Cranp’Co ^Minnesota. Filth and U'g'dTOy. 
and (loi mail), 1302 W Mmnclulia St., St Paul, 

/MtwSr Caaln W.* (Af 1910), ConsultinR Enqr , 

®Sl’C^de ^rhon ReLjih Ub . 30 Ea^t 

ft’RRIENrWsatif N. (A 1935), Secy-Treas (tor 

^ ^l), O’Bnen Equipment Co , 2720^ust St . 
S 2221 Thurman Ave , St Louis. Mo 


O’CONNELL, Freely M (M 10H>), Resident 
Engr Inspector, Public Works Administration, 
Tevtile Towel, Seattle, and (for mail), R F D- 
Route No 1, Box No 5, Washougal, Wash 
OFFEN, Ben (M 1928). Owner (for mad), B Offen 
& Co , COS S Dearborn St . and 1100 N Dcar- 
boin St , Chicago, 111 

OFFNER, Alfred J *■ (M 1922), (National Treas , 
10.15-19 If), Council. 193>-19.jo), Consulting 
Engr (tor mail), 139 East 5*3rd St, New York, 
and KiO-l.Vlith Ave , Beechhuist, L I . N ^ 
OGARD, Noms L (S 193f)). 224 Walnut St 
S E , Minneapolis, Minn ^ 

O’GORMAN, John S , Jr (4 1031), Mgr (f^ 
mad), Johnson Service Co , 427 Biainuid St , 
Detroit, and 775 Kennesaw Rd , Birmingham, 
Mich 

OKE, William C (J 19,31), Air Cond Engr . 
Sheldons, Ltd (for mail), 1221 Bay St , and IJB 
Oriole Parkway, Apt 101, Toronto, Ont , 
Canada , - 

OLCHOFF, Maurice (M 1933), Mgr, Olchotf 
Engineering Co , 423 Dwight Bldg , and (for 
mad), 5311 Holmes, Kansas City, Mo 
OLDES, Willard E. (J 1930), Draftsman and 
Defaigner, Depaitment of Purchase, 326 Br^d- 
way, and (for mad), CIO West 204th St , Apt 
D-3, New York, N Y 

OLSEN, Carlton F ( 1 1925, J 1920), Combustion 
Engr , Kewanee Boiler Corp , 1838 S Wcbtcrn 
Ave , and (for mail), 7314 Stewart Ave , Chicaiso. 
Ill 

OLSEN, Gustav E. (M 1930), C809 Amstel Blvd . 

Arverne, L I , N Y ,, 

OLSON, Barney ( I 1920). Mfrs Repr (for mad). 
122 S Michigan Ave , and .57^ N Natoraa Ave , 
Chicago, III ^ 

OLSON, Gilbert E (Af 1030), 500 1 Nicholas St , 
Omalia, Nebr 

OLSON, Robert G (Af 1923), Eabtern Mgi (tor 
mad). Hydraulic Coupling Div , Amcriwn 
Blower Corp , 40 West 40th St , and 22 East 18th 
St , New York, N Y 

OLVANY, William J. (M 1912), Pres (for mail). 
Wm J Olvany, Inc , 100 Charles St , New York, 
and 109-40-7lBt Rd , Forest Hills, N Y 
O’NEIL, Joseph M (A 1934), Htg Contractor, 
332 Commonwealth Ave , Springfield, Mass 
O’NEILL, James W. (AX 1920, A 1927, J 102'>L 
Chief Engr , Trane Co of Canada, Ltd , iSu 
King St W , and (for mail), 8 Spnngmount Ave , 
Toronto, Ont , Canada 

OPPERMAN, Everett F. (J 1935, 5 1933). 
Estimator, Fredenck Opperman, Railroad Ave , 
and (for mail), 109 Milbank Ave , Greenwich, 
Conn 

OREAR, Andrew G. (M 1930), Sales Engr and 
Mtrs Repr (for mail), San Fernando Bldg » 
Room 501, and 406 S Main St , Los Angeles, 
Cjalif 

O’REAR, Lawrence R. (Af 1934), Pres (for mad). 
Midwest Plumbing & Heating Co , 2450 Blake 
St , and 3033 West 37th Ave . Denver. Colo 
O’ROURKE, Hufth D , Jr. (S 1936). Sales En^ . 
Trane Co , 24 Commerce St , Newark, and (tor 
mail), 703 Commumpaw Ave, Jersey City, 
N J 

ORR, Geoige M. (AX 1936), Pres (for mail), 
G M Orr & Co , Consulting Engrs , 542 Bak^ 
Arcade Bldg , and 2233 Emerson Ave N , 
Minneapolis, Minn _ 

OSBORN, Wallace J. (4 1927), Vice-Pres. 
Keeney Publishing Co, Grand Central Term 
Bldg , New York, N Y , and (for mail), 699 Old 
Post Rd , Fairfield, Conn 

OSBORNE, Gurdon H. (AX 1922). Gen Mff, 
Ventilating & Blow Pipe Co , Ltd , 714 St 
Maunce St , Montreal, and (for mail), 836 Pratt 
Ave , Outremont, Montreal, P Q , Canada 
OSBORNE, Maurice M. (AX 1925), 367 Beacon 
St , Boston, Maas ^ 

OSTERLE. William H. (AX 1934), West P^n 
Power Co , and (for mail), 1028 Woodberry Rd , 
New Kensington, Pa 
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OSTRIN, Albert (J 1936; S 1935). 1216 James N , 
Miimeapolis, Minn 

OTIS, Gerald E {M 1922), Vice-Pres ffor mail). 
Herman Nelson Corp, and 1921-23rd Ave, 
Moline, 111 

OTT, Oran W. (.V 1925). (Council. 1034-1936). 
Consultins Mech Engr (for mail), 006 Wash- 
ington Bldg . and 123 S Virgil Ave , Los Angeles, 
Calif 

OTT, Rush C. (AT 1931), Sales Engr . Refnger- 
ating Equipment Corp , 927-31 N M endian St , 
Indianapolis, Ird 

OURUSOFF. L. S (M 1931), Engr of Utilization 
(for mail), Washington Gas Light Co , 411 
Tenth St N W , Washington, D C , and 25 W 


Irving St , Chevy Chase, Md 
OVERTON, Sidney H (J/ 1929). Repr . N V 
Radiatoren, Amsterdam. Holland, and (for 
mail), 205 Mackay Mansions, Rissik St, Johan- 


nesburg, South Ainca. 


P 


PABST, Charles S. (M 1934), Pres and Mgr, 
Adams Engineering Co , Inc , 55 West 42nd St , 
New York, and (for mad), 8727-98th St , Wood- 
haven, L I , N Y 

PAETZ, Herbert E. (M 1922). Div Sales Mgr (for 
mail), Amencan Blower Corp , 2539 Woodward 
Ave , and The Wardell, Detroit, Mich 

PAGE, Arvin (1/ 1935), Asst Chief Engr. (for 
mail), Bahnson Co , 1001 S Marshall St , and 
600 Arbor Rd , Winston-Salem, N C 

PAGE, Harry W* (M 1923), Pres (for mail). 
Wisconsin Equipment Co , 918 N, Fourth St , 
Milwaukee, and 7927 Warren Ave , Wauwatosa, 
Wis 

PAGE, Vernon C. (A 1936), Director of Sales, 
Automatic Heating & Cooling Systems, 2101 N. 
Charles St., and (for mad). 5610 Greenspnng 
Ave , Baltimore, Md 

PALMER, Robert T (A 1935), Patent Lawyer 
(for mad). 49 Federal St , Boston, and 15 N 
Pleasant St , Sharon, Mass. 

PAPPENFUS, Wilfrid G (/ 1936, 5 1935), 
Production Engr , Collins Radio, 621 first Ave 
S E , and (for mad), 1615 Second Ave S E , 
Cedar Rapids, Iowa 

PAQUET, Jean-Marie (J 1936), Engr , J A Y 
Bouchard, Ltd., 9 Buade St, and (for mad), 
62, De Salabeiry, Quebec, Canada 

PARK, Clifton D. (AT 1929), 07 Woodlawn Ave , 
Needham, Mass 

PARK, Harold £ (J 1930), Salesman, Shaw- 
Perkins Mfg Co , and (for mad), 31 Vdsack St , 
Etna, Pa 

PARK, J. Frank (A 1936; J 1930), Sales Engr (for 
mad), Western Air & Refngeration, Inc, 1231 
S Grand, and 726 N. Occidental, Los Angeles, 
Calif 

PARK, Nicholas W. (M 1936), Htg Engr. 
Philadelphia Saving Fund Soaety (Real Estate 
Dept), 12 South 12th St, Room 309, Phila- 
delphia, and (for mad), 509 Jencho Rd., Abing- 
ton, Pa 

PARKER, Philip (M 1915), 8 Middle St , Woburn, 
Mass 

PARROTT, Lyle G. (M 1022), Consulting Engr , 
McCoU, Snyder & McColl, 2808 Penobscot Bldg , 
and (for mail), 4678 Seebaldt Ave , Detroit^ Midh 

PARSONS, Leonard D., Jr. (5 1036), Stoker 
Engr , Fairbanks-Morse & Co , 900 S Wabash 
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Camden, and 4453 Terrace Ave , Merchantville. 
N.J 

ROLLAND, S. U U 1934), Design Engr (for 
mail), Oldaboma Gas & B^ectnc Co, 321 N. 
Harvey Ave, and 2131 Northwest 20th St, 
Oklahoma City, Okla. 

ROOS, Erik B. J. (J 1936), c/o B N Petigrow, 

P 0 Box 872, Tel-Aviv, Palestine 

ROOT, Edwin B. (M 1936), Htg Engr . Nelson 
Co , 2604 Fourth Ave , Detroit, and,^(for mail), 
964 Pierce St , Birmin^m, Mich 

ROSE, Arnold A. (A 1935), Sales Engr. Fitz- 
gibbons Boiler Co , 185 Mam St , and (for mail), 
Bnar View Manor Apt , White Plains, N. Y 
ROSE, Howard J. (M 1934), Sales Engr , Fita- 
gibbons Boiler Co, Inc, 185 Main St., White 
Flams, and (for mail), 100 Siebrecht Place, New 
Rochdl^N Y. 

ROSEBROUGH, Robert M. Q£ 1920), Branch 
Mgr (for mail), L J Mueller Furnace Co., 4246 


ROBEIRTS, Ilfflury P (A 1030), Asst. Engr ffor 
Rol^ta-Hamilton Co , 713 S Third SL, 
and 1901 James Ave S., Minneapolis, Minn 
ROBMTS, Jamss R. (J 1034), Engrg Mgr. (for 
n^l), Sutherland Air Conditioxung Corp , 627 
Marciuette Ave, and 2423 Portland Ave., 
Minneapolis, Minn. 

ROBERTSON, James A. M. (A 1936), Vice- 
Prw. (for mail), James Robertson Co , Ltd , 946 
William St., Montreal, and 109 Sunnyside Ave , 
Westmount, Que , Canada 
ROBINSON, Arthur S (Af 1936), E I duPont 
' Wilmington, Del , and (for 
mail), 730 Ogden Ave , Swarthmore, Pa 


Mgr (for mail), L J Mueller Furnace Co., 4246 
Forest Park Blvd , St Louis, and 204 S Maple 
Ave , Webster Groves, Mo. 

ROSELL, Axel F. (M 1986), Mech. Engr , A. B 
Svenska Flaktfabnken, Kmgsgatan 8, Stockholm, 
and (for mail), Kv Atlas 8, Lidingo 1, Sweden. 
ROSENBERG, Philip (A 1928), Secy.-Tiess . 
Umversal Fudure Corp , 137 West 23rd St , and 
(for mail), 250 West 104th St , New York, N, Y. 
ROSENBURG, William £. (J 1935), Plbg.-Htg., 
John C. Roeenburg, Burch PW Rd., Locust 
Valley, L. I,. N.Y. 

ROSS, John D. (A 1937), Sales (for maiB, Railway 
and Engmeenim Speaaltiea, Ltd., 637 Cmig St. 
W , and 4376 EarnadLff Ave., Montreal, P Q., 

Cftnarffl. 
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ROSS, John O.* (M 1920), Pres . Ross Industnes 
Coip f 350 Madison Ave , New York, N Y 
ROSSITER, Paul A. (7 1936; S 1935), 136 S. 

Eighth St , Forest City, Iowa 
ROTH, Charles F. (A 1930), Mgr , International 
Heating & Ventilating E^osition, Vice-Pres, 
International ETPoaition Co , Grand Central 
Palace, and (for mail), 141 East 36th St , New 
York, N Y. 

ROTH, Harold R. (U 1935), Mgr Toronto Office 
(for mail), Canadian Sirocco Co , Ltd , 57 Bloor 
St W , and 18 Tichester Rd , Toronto, Ont , 
Canada 

ROTHMANN, S. C, (M 1936), Industrial Hygiene 
Ettgr. (for mail). West Virginia State Health 
Dept, State Capitol Bldg, and 207 Bradford 
St , Charleston, W Va 

ROTTMAYER, Samuel I. (A 1933, 7 1928), 
Mech Engr , Libby, McNeill & Libby, U S 
Yards, and (for mail), 7861-B South Shore Drive, 
Chicago, 111 

ROWE, Ixrina E. (A 1936), Shop Foreman and 
Estimator, Etie Sheet Metal Works, 1416 
Summer St . and (for mail), 3911 Searle Dnve, 
Houston, Texas 

ROWE, William A.* (M 1921), (Council, 1929- 
1931), Mech Engr , 718 Longfellow Ave , 
Detroit, Mich. 

ROWE, William M (7 1936), Sales Engr (for 
mail), American Blower Corp , 1302 Swetland 
Bldg , and 11433 Mayfield Rd , Cleveland, Ohio 
ROWLEY, Frank B.* (M 1918), (Presidenttal 
Member), (Pres, 1932, lat Vice-ftes , 1931; 
2nd Vice-Pms , 1930, CouncU, 1927-1933), Prof 
of Mech. Engrg and Director of Expenmental 
Engrg Lab , University of Minnesota, and (for 
mail), 4801 E Lake Harriet Blvd , Minneapolis, 
Mmn 

ROYER, Earl B. (M 1928), Designing Engr, 
Fosdick & Hilmer, Consulting Engrs . 1703 
Union Trust Bldg , and (for mail), 6635 Ins Ave , 
Gnannati, Ohio 

RUDIO, H. M. (M 1921), 126 Stolp Ave, Syra- 
cuse, N. Y 

RUEGER, Charles A., Jr. (A 1035), Salesman 
(for mail), Amencan Radiator Co , Box 505. and 
926 W Fourth St , Winston-Salem, N C 
RUFF, Adolph G. (M 1935), Suot of Power. 
U S Playmg Card Co , Park Ave .Norwood, and 
(for mail), 3824 Woodford Rd , Cinannati, Ohio. 
RUFF, DeWltt C. (M 1922), Healy-Ruff Co.. 

765 Hampden Ave , St Paul, Minn 
RUGART, Karl (A 1924), Branch Mgr , Warren 
Webster & Co , 26 South 20th St , and 5830 
Willows Ave . Philadelphia, Pa 
RUGGLES, Robert F. (Af 1936: A 1927, 7 1926), 
Dist. Mgr, Autovent Fan & Blower Co., 2 
Rector St., New York, and (for mail), 16 Gregg 
Place. Randall Manor, S I., N Y 
RUNKEL, Charles (M 1935), Pres, (for mail). 
Acme Heatmg & Ventilating Co , Inc , 4224 S 
Lowe Ave.. and 7921 S Hermitage Ave , Chicago, 
111 

RUPEE, Paul E. (A 1936), Mm » Bradford OU 
Burner Co , 61 Mam St , Bradford, Pa. 
RUSSELL, Edward A. (M 1936). Chief Engr , 
Vapor (Tu Heating Co , Inc , 1600 S. Kilboum 
Ave. and (for mail), 8103 Dorchester Ave, 
Chicago, 111 

RUSSELL, J. Nelson (M 1899), Managing Dir 
(for mail), Rosser & Russell, Ltd. Romney 
House, Maxsham St, Westminster, and Fern- 
acres Fulmer near Slough, Buckinghamshire, 
England 

RUSSELL, Wayne B. (A 1936), Htg Engr, 
RuaseU Furnace Co , 608 N. Monroe, and (for 
mail), 1203 S Cedar, Spokane, Wash 
RUSSELL, WilUatn A. (M 1921), (Council, 1934- 
1936), Branch Mgr. (for mail), TJ S. Radiator 
Corp.. 1221 West llt^ St , and 628 West 57th 
Terrace. TTqTtm ji City. Mo. 

RYAN. Harry J. (M 1922), Branch Mgr. (for 
mail), Trane Co , 47 Kama Ave , Albany, N. Y. 


RYAN, James D (If 1935), Supt and Engr , 
Whitney National Bank, St Charles and Gravicr 
St . and (for mail), 215 N Rendon St , New 
Orleans, La 

RYAN, William P. (7 1033), Sales Engr, Ue 
Hardware Co, 260-62 N Santa Fe, and (for 
mail), 310 W Republic, Salina, BCan 
RYDELL, Carl A. (M 1931; 7 1928), Owner, 
C A Rydell Associates (for mail), 168 Dait- 
mouth St . Boston, and 286 Quinobequiii Rd , 
Waban, Mass 

s 

SABIN, Edward R. (A/ 1919), Pres , Edward R 
Sabm Co , 4710-12 Market St , Philadelphia, Pa 
SADLER, C. Boone (Af 1028), Associate Civil 
Engr (for mail), Public Works Office, 11th Naval 
District, and 4071 Newport Ave, San Diego, 
Cahf. 

SAITO, Shozo (Af 1923). Saito Shozo Shoten, Ltd 
(for mail), Marunouchi Bldg , Tokyo, Japan 
SAKOUTA, Mathieu L. (M 192 1). Consulting 
Engr and Eyiert, Gavan, Simanskaia 4-A, 
Lemngrad, USSR 

SALTER, Ernest H. (Af 1930), Engr (for imul), 
Electncal Testing Laboratories, SOtli St and 
East End Ave , New York, and 182 Cleveland 
Ave . Great Kills, S I , N Y 
SALZER, Alfred R., Jr. (S 1930), Box 7255, 
Oakland Station, Pittsburgh, Pa , and (for mail), 
2322 N Villere St , New Orleans, 

SANBERN, E. Nute^ (Af 1023), Engr , Hoffman 
Specialty Co , 500 Fifth Ave , New York, and 
(for mail), 317 Windsor Ave , Rockville Centre. 
L I . N Y 

SANDS, CUve C. (Af 1929), G P 0 Box 601 
F F , Sydney, N S.W , Australia 
SANFORD, Arthur L (M 1015), Mcch Engr, 
C H Johnston, Archt , 360 Robert St , St. ]^ul, 
and (for mail), 4240 Aldneh Ave S , Minneapolis, 
Mmn 

SANFORD, Sterlinit S ♦ (M 1030), Sales Engr 
(for mail), Detroit Edison Co , 2000 Second Ave., 
and 1503 Seybum Ave , Detroit, Mich. 

SAPP, Charles L. (A 1936), Sales Mgr , Farquhar 
Furnace Co , and (for mail), 620 N. Walnut St , 
Wilzmngton, Ohio. 

SAUER, Robert L. (A 1930), Sales Mgr (for 
mail), Riley Stoker Coro , Ft of Walker St , and 
3315 W Philadelphia, Detroit, Mich. 
SAUNDERS, Laurence P. (M 1033), Chief Engr . 

Hamson Radiator Corp , Lockport, N Y 
SAWDON, WiU M.* (M 1020), Piof , Expert- 
mental Ei^g (for mail), Cornell Umver^ity, 
College of Engrg., and 1018 E State St . Ithaca. 

SA^ELL, R. V. (A 1929), Exec. Vicc-Pics (for 
noail). Domestic Engineenng Co . 110 East 12nd 
St , New York, and 116 Townsend Ave , Pelham 
Manor, N Y. 

SAWYER, J. Neal (7 1933), Engr . Gustin-Bacon 
Mfg Co , 1412 West 12th St., Kansas City. Mo 
SGAl^ON, Edward S. (A 1934), UtiUzaUon 
Engr , Equitable Gas Co , 427 Liberty Ave., and 
(for mail), 35 W. Francis Ave , Brentwood. 
Pittsburgh, Pa 

SCARLETT, William J. (Af 1930), Dist Rrar. 
(for mail). Gamer Corp, 6017 Walnut St, 
Kansas City, Mo. 

SGHBCHTER, John P. (7 1935). Engr., House 
Htg Dept , Detroit City Gas Co , 415 Clifford, 
and (Tor mail), 1812 Bums Ave , Detroit, Mich, 
SGHEIDECKER, Daniel B (A 1919), Sccy (for 
mail), Hunter-Clark Ventilating System Co., 
2800 Cottage Grove Ave , and 4626 N Kilboum 
Ave , Chicago, 111 

SGHERMER, Richard (5 1936), 2324 West 111th 
St , Chicago, 111 

SGHERNBEGK, Fred H. (A 1930), Salesman (for 
mad), William Bros Boiler & Mfg. Co , Nicollet 
Island, and 6046 Portland Ave., Minneapolis, 
Mmn. 
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SCHIERRER, Kenneth C. (/ 193G), Engr , 
Natkm & Co , 2020 Wyandotte, and ffor mail), 
HOll Holmes St . Kansas City, Mo 
SCUERRER, Leon B (J 1930), Engr . Housing 
Service, Inc , 505S Delmar Ave , and (for mail), 
(»U2 Simpson Terrace, St Louis, Mo 
SCHICK, Karl W (A 1931), Dist Mgr, Minne- 
apolis- Honeywell Regulator Co , 601 Reading 
Rd , Cincinnati, Ohio, and (for mail), 37 Audubon 
Place, Ft Thomas, Ky 

SCULICIITINC, Walter G (Af 1932), Mgr . Air 
t'ond Dept , Claiage Fan Co , North and Porter 
Ktb, and (foi mail), 1117 W Lovell St, Kala- 
mazoo, Mich 

SCHMIDT, Richard H. (J 1930, 5 1934). 2139 
Abington Rd , Cleveland, Ohio 
SCllMUTZ, Jean (A/ 1933), Administrateur- 
Delcguc, Soaete P R S M , 8, Passage de 
r Atlas, and (tor mail), 18, rue Dufrenoy, Pans 
109, Fiance 

SCHNEIDER, WUliam G. (A/ 1932), Engr (for 
mail), Amencan Brass Co , 25 Broadway, New 
York, and 45 Wayne Ave , White Plains, N Y 
SCHNITZER, Sidney (5 1935), 2110 N. Spaulding 
Ave , Milwaukee, Wis 

SCIIOENIJAHN, Robei t P (A/ 1019), Consulting 
Engl (for mail), 301-5 Industrial Trust Bldg, 
and 719 Nottingham Rd , Wilmington, Del 
SCHOEPFLIN, Paul II (M 1920), Pres (tor 
mail), Niagara Blower Co , 0 East 45th St , New 
Yoik, and 91 Valley Rd , Laichmont, N Y 
SOHUGANV, Oscar W. (J 1936, 5 1935), 4927 
Columbia Ave , Dallas, Texas 
SCHUETZ, Clyde C ( 1 1936). Research Engr . 
IT S Gypsun Co , 1253 Diverse Parkway, and 
(for mail), 3125 N Avers Ave , Chicago, 111 
SCHULTZ, Albert W (Ai 1930), Engr (for mail), 
GnnncU Co , Inc , 210 Seventh Ave S , and 
5112 Penn Ave S , Minneapolis, Mmn 
SCHULZ, Howard L (A 1915), Crane Co , 1223 
W. Broad St., Richmond, Va 
SCHULZE, Benedict H (M 1921), Eastern Sales 
Mgr (for mail), Kewanee Boiler Corp , 37 West 
39tli St , and 67 Park Ave , New York, N Y 
SCHURMAN, John A., Jr. (A/ 1936, J 1935), 
Regional Air Cond Engr (for mail), York Ito 
M achinery Corp , 27(X) Washington Ave N W , 
Cleveland, and 1029 Parkside Drive, Lakewood, 
Ohio 


SCHWANTES. Arno R. (J 1935), Sales Engr , 
Waterman-Waterbury Co , 1121 Jackson N E , 
Minneapolis, Mmn , and (for mail), 200 Washing- 
ton St , Lake Mills, Wis. ^ 

SCHWARTZ, Harold (5 1930), 3450 Amslie St,, 
Chicago, III. 

SCHWARTZ, Jacob (A 1936; J 1929). Contractor 
(for mail), Samuel Schwaila & Son, Inc , 30 
West 27th St , Bayonne, and 12 Van Houten 
Ave , Jersey City, N J ^ 

SCHWARTZ, Simon B (4 1930), Consulting 
Engr (for mail). 1060 Constance St , and 2417 
Broadway. New Orleans, La , « 

SGHWEIM, Henry J. (A^ 1928), Secy and 
Engr. (for mail). Gypsum Assoaation, 211 W 
Wacker Dnve, and 1637 Estes Ave , Chicago, III 
SCOFIELD, Paul C.U 1933). Engr. (for mail). 
Gamer Corp, 748 E. Washington Blvd , and 
3879 Edenhurst Aye , Angela, Cahf 
SCOTT, George M. (M 19151, Vice-^ (for 
mail), Child & Scotb-Donohue, Inc, 153 East 
38th St . New York, and 654 King St., Port 

S<SyrT?*^’Lloyd G- (J 1936). Asst to Supt of 
Bldgs (for mail), Hudson's Bay Co , Hudsons 
Bay House, iV^n St , and Ste 42 Dalkeith 
Apts., 6 Balmoral Place, Winnipeg, Man , 

Cnnnnn. 

SCRIBNER, Eugene D. (A 1933: J 1920), Pur- 
cliasmg Agt., Qumn Emgineenng Corp , 151 E^ 
5(Hh St.. New York, N Y., and (for mail), 261 
Clark St. Westfield. N J. 

SCUDDER, Barrett (A 1936), Vice-Prea , Jamw 
P Marsh Co., 2073 Southport Ave , Chicago, and 
(for mail), Washington Rd , Lake Forest, 111 


SEEBER, Rex R “ (M 1934), Head-Mech Engrg. 
Dept, Michigan College of Mining and Tech- 
nology, Houghton, Mich 

SEELBAGH, Herman (M 1931), Pres (for mail). 
Equipment Sales, Inc , 800 Eric County Bank 
Bldg , Buffalo, and 31 Central Ave , Hamburg. 
N Y 

SEELERT, Edward H. ( I 1935), Secy -Treas (for 
mail), McQuay, Inc , 1600 Broadway N E , and 
2927 Ulysses St N E , Minneapolis, Minn 
SEELEY. Lauren E.*-(A!n930), Asst Prof Mech 
Engrg (for mail). Mason Laboratory, Yale 
Umversity, and 130 Event St , New Haven, 
Conn 

SEELIG, Alfred E (AJ 1920), Pres and Gen Mgr. 
L J Wing Mfg Co . 154 West 14th St , and (for 
mail), 310 Convent Ave , New York, N Y 
SEELIG, Lester (A/ 1925), Mech Engr , Museum 
of Saence and Industry, Jackson Park, and (for 
mail), 725 Irving Park Blvd , Chicago, III 
SEELY, Irving R. (J 1936, 5 1935). General 
Electnc Co , and (for mail), 1059 Wendell Ave , 
Schenectady. N Y 


SEIDEL, Glenn E. (5 1930), Tulane University, 
and (for mail), 143/ Audubon St , New Orleans, 
La 

SEITER, J. EarU (Ai 1028), Asst Mgr, New 
Business Dept , Consolidated Gas Electnc Light 
& Power Co , and (for mail), 7117 Bristol Rd , 
Baltimore. Md 

SEKIDO, Kunlsuke (M 1903), Consulting Engr , 
685 Marunouchi Bldg, and (for mail), 19 
Momozono, Nakano, Tokyo, Japan 
SELIG. Ernest T , Jr (M 1930), Treas (for mail). 
Fuel Savers, Inc , 1501 Herr St., and 3520 
Montour St , Hamsburg, Pa 
SELLMAN, Nils T. (Af 1922). Asst Vice-P^ 
and Asst, (for mail). Consolidated Gas Co 
of New York, 4 Irving Place. New York, and 56 
Walworth Ave , Scarsdale, N Y 
SENIOR, Richard L. (Af 1925), ftes (for mail), 
R L Semor, Inc , 103 Park Ave , New York, and 
10 Cherry Ave , New Rochelle, N Y. 

SENNET, LoweU E. (7 1936; 5 19^). Engr, 
Central Bureau for Heating and Air Condition- 
ing, 309 Euclid 30th Bldg , and (for mail), 1719 
East 115th St , Cleveland, Ohio 
SEVERNS, William H.* (M 1933), Prof. 

Engrg. (for mail), Umversity of Illinois, and 609 
Indiana Ave., Urbana, III 

SIIAER, I. Ernest (A 1934), Sales Engr . B F 
Sturtevant Co , 89 Broad St., Boston, and (for 
mail), 35 Fessenden St , Dorchester. Mass 
SHANELIN, Arthur P. (Af 1929), Sales Engr (for 
mail) , Gamer Corp • 12 South 12th St , Phila- 
delphia, and 40 Amherst Ave , Swarthmore, Pa. 
SHANEXIN, John A. Of 1928), Sw-T^ ffor 
mail). West Virginia Heating & Plumbing Co , 
233 Hale St , and 1507 Quamer St , Charleston, 
W Va „ ^ 

SHARP, Henry C. (Af 1936), Mgr Oil Htg Div. 

g or mail). Smith Oil & Refamng Co , and 1928 
ockton Ave , Rockford, 111 
SHAVER, Herbert H. (A 1929), Asst Gen Sales 
Agt. (for mail), Hudson Coal Co , 424 Vfyommz 
Ave , and 1607 Wyoming Ave . Scranton, Pa 
SHAW, Burton E • (A 1936, / 1934). 

Chief (for mail), Penn Electnc Switdi Co , 2000 
E Walnut St, Des Momes, and 505 Rapids, 
Adel, Iowa 

SHAW, Charles G. (A 1936), Engr . Texas Air 
Conditiomng Corp , 407 Capps Bldg , Fort 
Worth, Texas. 

SHAW, Norman J. H. (M 1927; J 1925), Barnes 
& Jones, Inc., 128 Brookside Ave, Jamaica 
Plain, and (for mail), 37 Benjamin Rd , Arling- 
ton, Mass 

SHAWLIN, Walter C. (A 1931). Mgr . Industrial 
Air Cond (for mail), Northwestern Ventilation 
Co , 2640 W. Wdls St , and 2677 North 46th St, 
Milwaukee. Wis 
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SHEA, Michael B. (M 1921), Sales Dept (for 
mail), Amencan Radiator Co , 1344 Broadway, 
Detroit, ana 104 Massachusetts Ave , Highland 
Park, Mich. 

SHEARS Matthew W. (M 1922), Engr (for 
mail), C A Dunham Co , Ltd , 1523 Davenport 
Rd , and 39 Sylvan Ave , Tcaronto, Canada. 
SHEFFLER, Morris (Af 1921), Pres (for mail), 
Sheffler-Gross Co , 203 Dre-rel Bldg , and 54ol 
Lebanon Ave . Philadelphia, Pa 
SHELDON, Nelson E. (M 1927). Dist Sales Mgr 
(for mail), Camer Corp , 620 Reynolds Arcade 
Bldg , and 41 Lanark Crescent, Rochester, N Y 
SHELDON, William D., Jr. (A 1936, J 1934), 
Chief Engr , Sheldon’s, Ltd , and (for mail). 
Cedar St , Galt, Out , Canada 
SHELNEY, Thomas {M 1931), Pres, (for mail). 
Pierce Blower Corp, 100 Rhode Island St, 
Buffalo, and Grand Island, N Y 
SHENK, Donald H. (M 1934), 106 Forest Lane. 

and (for mail), Riggs Hall, Clemaon College. S. C 
SHEPARD, Edward C. (M 1932), Mech Engr. 
Penberthy Injector Co , Detroit, Mich , and (for 
mail), 2294 Umversity Ave , New York, N Y 
SIffiPARD, John deB. (/ 1929), Air Cond. Repr 
nor mail), ConsohdatM Electnc laght & 
Power Co , 406 I-eiangton Bldg , and Tudor 
Arms Apts , W. Umversity f^kv^y, Baltimore, 
Md 


SHEPPARD, Frank A. (Af 1918), Salesman (for 
mail), Johnson Service Co , 1031 Wyandotte St , 
and 27 East 70th St , Kansas City, Mo 
SHEPPARD, William G. F, (M 1922), Partner, 
Sheppard & Abbott, 119 Harbord St , and (for 
mail), 1 (Clarendon St , Toronto, Ont , Canada 
SHERET, Andrew (M 1929, A 1925), Pres (for 
mad), Andrew Sheret, Ltd , 1114 Blanshard St , 
and 1030 St Charles St , Victona. B C , Canada 
SJ^RMAN, Ralph A. (M 1933), Ftiel Engr, 
Head, Fuels Div (for mail), Batt^le Memonal 
Institute, 603 King Ave , and 1893 Coventry Rd , 
Columbus. Ohio 


SI^RMAN, Victor L. (M 1935), Acting Head, 
Dept Mech Engrg, Lewis Institute, 1951 W 
Madison St, Chicago, and (for mail), 643 
^^HiUaide Ave , Glen Ellyn. Ill 
SHIELD^ Carl D. (5 1936), Merchandising 
Engrg. Dept (for mail), Airtemp, Inc,, 1119 Leo 
£md 117 Monument Ave , Dayton, Ohio 
SHILLING, Howard C. (A 1936), Salesman (for 
mail). Barber-Colman Co , 221 N LaSalle k . 

N Paulina St , Chicago, 111 
SHIVERS, Paul F. (M 1930), Chief Engr. 
Research Div (for mail), Minneapohs-Honeywell 
Regulator Co , 113 Canal St , and 75 W Maple 
— Wabash, Ind 

SHODRON, John G, (Af 1921), Consulting Engr 
Md Research, 419 E Milwaukee Ave., Ft 
Atkinson. Wis 

shoemaker, Forrest F (A 1936), Pres and 
Mgr. (for mail), Air Conditiomng Co , Inc , 222 
Central Bank Bldg , and 2118 N Denver Blvd . 
Tulsa. Okla. 

ISO®)* Tieas,, Reid & Shorb 
Co , 705 N Pme St , and (for mail), 3 Lincoln 
Place, Decatur, 111. 

SHOTWELL, Roger W. (M 1935), Designing 
Engr.. W J. Spoelstra Co.. Inc , 154 Parker Avei 
Hawthome, and (for mad), 97 Frankhn St, 
Verona, N J ' 

SHROCK, John H. (Af 1924). Vice-Pres (for 
Blower Co , 171 Factory St., 
Indiana Ave , LaPorte. Ind. 

SHWLTZ, Earl (A 1919), Vioe-Pies (for mail), 
Ilhnms Maintenance Co , 1136-72 W. Adams St., 
and Edgewater Beach Apts , C^cago, 111. 

1936). Mgr Htg Div , 
Perfex Radiator Co , and (for mad). 2178 N 
Sherman Blvd , Mdwaukee, Wls 

T. (A 1927), Service Systems 
Engr. (for in^), Western Electnc Co , Inc , 196 
Broadway, New York, and Ward Estate. 636 
Serpentine Rd , Grymes Hill, Staten Island, N. Y 
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SIGMUND, Ralph W (M 1932), Diet Mgr (for 
mad), B F Sturtevant Co , 913 Provident Bank 
Bldg , and 304 Oak St , Cmannati, Ohio 
SIMKIN, MUton (/ 1936, S 1933), Assoc Engr , 
Charles Simkin, 103 Bnghton Ave , Peith 
Amboy, N J. 

SIMPSON, Arthur M * ( 1 1935). Chief Engi and 
Sales Mgr (for mail). Van Kannel Revolving 
Door Co , 101 Park Ave , New York, and 37-31- 
85th St , Jackson Heights, N Y 
SIMPSON, Donald C (M 1932), Mgr , Product 
Analysis Dept (for mad), Owens-Illinois Glass 
Co , Case Ave , and 47 Day Ave , Newark, Ohio 
SIMPSON, William K. (M 1919), Vice-Pres (for 
mad), Hoffman Speaalty Co . 193 Grand bt , and 
9 Sands St . Waterbury, Conn 
SKAGERBERG, Rutcher (M 1921, J 1921), 
Market Development Engr (for mad), Biown 
Instrument Co . Wayne and Roberts St , and 211 
Rockglen Rd , Penn Wynne, Philadelphia, Pa 
SKIDMORE, John G. (7 1930), Air Cond Engr . 
Camer Corp , 408 Chrysler Bldg , New York, 
and (for mad), 5l01-39th Ave , Long Island 
City, N Y 

SKINNER, Henry W (Af 1920), Consulting 
Engr (for mad), 4816 Dc\tci bt , Fort Woith, 
Texas. 


SKLAREVSKI, Rimma (J 1936), Sales Engi (for 
mad). Amencan Radiator Co , 1512 Mcichantilc 
Trust, and 226 E Umversity Parkway, Balti- 
more, Md 

SKLENARIK, Louis (7 1928). 305 ICast 72nd St.. 
New York, N Y 

SLAYTER. Games {M 1931), A%t Gen Mgr , 
Industnal Materials Div , Owcnb-lllinois Glass 
Co , and (for mail), Box 720, Newark, Ohio 
SLUSS, Alfred H. (A/ 1936). Prof Mech. and 
Industnal Engrg, Umversity of Kansas, and 
(for mail), 827 Mississippi Ave , Lawrence, Kans 
SMAK, Julius R. (A 19.31), Siipt of Service 
Depts , Crane Co , South Ave , .ind (lor mad), 
3135 Park Ave , Bndgcpoit, Conn 
SMALL, Bartlett R. (7 10.12), Silica ICngi (lor 
mail), T. C Heyward, 1408 Independence Bldg , 
and 326 W Tenth bt , Cliarlottc, N C 
SMITH, Elmer G* (Af 1929), Asat Prof of 
Physics (for mad). Agncultuial and Meclunical 
College of Texas, College Station, Texas. 
SMITH, Frank J. (7 1030), Engr , Noithem Air 
Conditioning Corp , ,382 Central Ave , New«irk, 
and (for mad), 1 Fernwood Place, Uppet Mont- 
clair, N J 


OMii Jti, uard w. (M 1027), Salesimin, Piemier 
Wara Air Heater Co , Dowagiac, Mich , and (ior 
mail), 248 Roche St, Huntington, Ind 
SMITH, Jared A. (A 1033), Distributoi (tor mad), 
9^9 Bioadw.iy, Cinenin.iti, 
and 3817 Indian View Ave , Manemont, Ohio. 
SMITH, J. Darrell (A/ 10,33), Mech. Engtg. 
Dept , Philadelphia & Reading Coal 8c lion Co., 
and (for mad), 317 North 10th St. Pottsville, Pa 
SMITH, Uoyd E. (M 1035), Mgr . Sales Kngig 
Dept , Fhgidaire Corp.. 300 Taylor St , and (for 
mad), 1327 Amherst Place, Dayton, Ohio. 
SMITH, MUton S. (Af 1919), Tieas (foi mad), 
Stecey Air Conditioning, Inc., (K) lilast 
42nd St , New York, N. Y . and 13 N Teiracc. 
Maplewood, N J 


Mgr., Smith & 

Elston, 71 Thud Ave , and (for nuid), P. O. Box 
Ont , Canada. 

^ 

Plbg-Htg (for mad), Sears Roebuck 8c Co., 201 
Brooldine Ave , Dept 8703-42, Boston. Mass , 
and 629 N. Giant St , West Lafa 3 rettc, Ind, 
SMITH, Stimrt (A 1936), Branch Mgr. (for mad), 
Times bear Bldg.. 
• Cincinnati, Ohio. 

1®20), Consulting Engx , 
W M. Andersim Co., 000 Scliuylktll Ave,, 
Philaddphia. and (for mad), 422 Bryn Mawr 
Ave , Cynwyd, Pa. 




Roll of Mbmbership 


SMITH, William D (4 l<^3r)). Pres (for mail), 
W O Smith, Inc , 2147 Prospect Ave , and 
17707 Winslow Rd , Shaker Heights, Cleveland, 
Ohio 

SMOOT, Thco II. ai 1935), Chief Engr, Fluid 
Heat Uiv , Anchor Post Fence Co , Eastern Ave 
and Kano St , and (foi mail), 2512 Talbot Rd , 
Salt I more, JVfd 

SMYERS, Edwaid C (.1 1033), Sales Engr, 
Minnoapoliir- Honeywell Regulator Co , 1013 
Penn Ave , Wilkinsbiiig, and (for mail), 148 
Kmiiuca Ave , West View, Pittsburgh, Pa 
SNAVELY, A. Bowman (^M 1937), Chief Engr . 

Hershev Chocolate Corp , Hershey, Pa 
SNEED, Richard B (J 1930, 5 1931), 505 West 
11th St, Bnstow, and (for mail), 320 South 
Hlvd , Norman, Okla 

SNELL, Ernest (M 1920), 3911 LcMay Ave, 
Detroit, Mich 

SNIDER,^ Lewis A (Af 1927), Pres (for mail), 
L A Snider Engineenng Service, Inc , 605 N 
Michiyan Ave , and 019 Buena Ave , Chicago, III 
SNYDER, Allen K (7 1930), Engr m charge of 
Air Cond , Richmond An EQUipment Co , Inc , 
180! W Broad St, and (for mail), 4309 Grove 
Ave , Richmond, Va 

SNYDER, Jay W. (M 1917), McCoU-Snyder- 
Mcl-ean, 230 1 Pcnobbcot Bldg , Detroit, Mich 
SNYDER, Joseph S. (A 1925), Sales Repr. 
I)(‘troit Lubricator Co, 1807 Elmwood Ave, 
Bufif.ilo, and (for mail), 9 Knowlton Ave , Ken- 
moie (Bulfalol, N Y 

SODEMANN, Paul (A/ 1926, 7 1920), Sales Engr . 
Sodemann Heat & Power Co , 23(X) Delmar 
Hlvd , and (for mail), 4130 Farlm Ave , St Louis, 
Mo 

SODEMANN, WUliam C. B. (M 1919), Pres (for 
mail), Sodemann Heat & Power Co , 2306 
I^olmar Blvd, St Louis, and 7542 Teasdale 
Ave , Umversity City, Mo 
SOLSTAD, Lester L. (7 1936), Como Station 
Route 5, St Paul, Minn 

SOMMERFIELD, Sumner S. (7 1930), Design 
Engr , H A Phillips & Co , 155 N Umon Ave , 
and (for mail), 5705 School St , Chicago, 111 
SONNEBORN, Charles {M 1930), Vice-Pres m 
charge of Production, Shaw-Perbns Mfg Co, 
Wt'st Pittsburgh, and (tor mail), R D No 3. 
New t'astlc, Pa 

SONNEY, Kermll J. (7 1930, S 10,141, L B, 136, 
Wilcox, Pa , and (for mail), 310 W Symmes 
St , Nonuan, Okla 

SOPER, Horace A. (JH 1910), Vice-Pres (for 
mail), American Foundry & Furnace Co, and 
1122 E Monroe St , Bloomington, 111 
SOULE, Lawrence C.* (A/ 1908), Secy and 
Consulting Engr (for mail), Aerohn Coro., 850 
Frelmghuysen Ave , Newark, and Cor Stewart 
and Gordon Rds , Essex Fellb, N J 
SOUTHMAYD, Ricliard T. (7 19.30), Salesman, 
American Blower Corp. (for mail), 11433 May- 
Oehl Rd , Clevdand, (jhio 
SPECKMAN, Charles 11. (M 1018), Prof Engr,, 
375 Bourse Bldg , Philadelphia, Pa 
SPELLER* Frank N * (Af 1908), Director, Dept 
ot Metallurgy and Research (for mad), National 
Tube Co , Fnck Bldg , and 6411 Darlington Rd., 
Pittsburgh, Pa. 

SPENCE, Morton R (7 1934), Asst. Purch, Agt , 
Hundlc & Spence Mfg Co , 445 N Fourth St , 
and (for mad), 709 E Lexington Blvd , Mil- 
waukee, Wl8 

SPENCE, Robert T. (A 1935), 1656 South 80th 
St , West Allis, Wis 

SPENCER, J. Boyd (M 1935), Owner, Spencer 
Cooling & Air Conditiomng, Co , 413 S. Sixth, 
Minneapolis, Mmn 

SPIELMANN, Gordon P. (A 1931, 7 1923), 
Vico-Pres (for mail), Hamson-Spielmann Co, 
408 Milwaukee Ave, Chicago, and 730 N 
Prospect Ave , Paik Ridge, 111 


SPIELMANN, Harold J. (JW 1933), Air Cond 
Engr , Vdter Mfg Co , ,53 W Jackson Blvd , 
Chicago, and (for mail), 607 Elmore Ave , Park 
Ridge, 111 

SPITZLEY, Ray L. (M 1920), 1200 W Fort St , 
Detroit, Mich 

SPOELSTRA, Wilham J (A/ 1935>, Pres, 
W J Spoelstra Co , Inc , 154 Parker Ave , 
Hawthorne, N J 

SPOFFORTH, Walter (Af 1930), Chief Mech 
Services, U S Penitentiary, McNeil Island, and 
(for mad). Route 5, Box 398, Day Island, 
Tacoma, Wash 

SPROULL, Howard E (M 1920), Div Sales Mgr 
(for mad), American Blower Corp , 1003-6 
American Bldg , and 3.588 Raymar Drive, 
Cincinnati, Ohio 

SPURGEON, Joseph H (Af 1921), Salesman, 
Spurgeon Co (for mad), 5-203 General Motors 
Bldg , and 17215 Penmngton Drive, Detroit, 
Mich 

STAGEY. Alfred E, Jr* (M 19U), Buensod- 
Stacey Air Conditioning, Inc , 60 East 42nd St.. 
New York, N Y , and (for mad), Wootton Rd , 
B^ssex Fella, N J 

STACK. Arthur E (A 19.3.5), Ub Supv , Wash- 
ington Gas Light Co, 411 Tenth St NW, 
Washington, D C , and (for mail), 911 Gist Ave , 
Silver Spring, Md 

STAGY. Lloyd D (4 193b), Sales Engr, Ilg 
Electnc Ventilating Co , 182 N LaSalle St , and 
(tor mad), 2247 Greenleaf Ave, Chicago, 111 
STACY. Stanley C. (Jtf 1931), Mech Engr gor 
mad). Board of Education, 13 S Fit^hugh St, 
and 1224 Genesee St , Rochester, N Y 
STALB, Joseph G. (4 1934). Promotion Sales 
Orgam/ationa, Reynolds Corp , 19 Rector St , 
New York, N Y , and (for mail), 22 Partridge 
Ave , Ridley Park, Pa 

STAMMER, Edward L. (Af 1919). Supt Htg and 
Vtg , Board of Education, Ninth and Locust Sta . 
and (for mail), 4430 Tennessee Ave , St Louis, 
Mo 

STANGER, Ralph B. (Af 1920), Owner (for mad), 
Robinson & Stanger, Empire Bldg , Pittsburgh, 
and Middle Rd , Glenshaw, Pa 
STANGLAND, B. F. {Charter Member), (2nd Vice- 
Pres , 1908, Board of Governors, 1906-1906- 
1909; Board of Mgrs , 1895.1899, Council. 1896- 
1897) , Retired, Kendall, N Y 
STAPWARD, James M.* {Ltfe Member, M 1906), 
Pres and Treas (tor mad), Stannard Power 
Equipment Co , 53 W. Jackson Blvd., Chicago, 
and 1402 Elinor Place, Evanston, 111 
STARK, W. Elliott* (Af 1926), (Council, 1932- 
1930), Air Cond Sales Dept , Biyant Heater Co , 
17825 St Clair Ave , Clevehind, and (for mail), 
1875 Rosemont Rd , East Cleveland, Ohio 
STEELE. John B. (M 1932ji, Chief Operating 
Engr , Wmmpeg School Board, Ellen and 
WiUiam Ave , and (for mad), 184 Waterloo St , 
Riverheights, Winnipeg, Man , Canada 
STEELE. Maurice G. (if 1929), Tech Advisor 
(for mad). Revere Copper & Brass, Inc , 1301 
Wicomico St , and 4109 Roland Ave , Baltimore, 
Md 

STEENEGK. Kenneth C. (7 1935), Htg Engr . 
John G Kelly, Inc , 210 East 45th St , New York, 
and (for mail), 9410~211th St , Bellaire, L 1.. 
NY 

STEFPNER, Edward F. (7 1934), Htg and Air 
Cond Engr , Henry Furnace & Foundry Co , 
3471 East 49th St, Cleveland, and (for mail), 
1429 East 133rd St , East Cleveland. Ohio 
STEGGALL, Howard B. (A 1934), Branch Mgr. 
(for mail), U S Radiator Ckirp , 941 Behan St. 

N S , and 1166 Murray Hdl Ave , Pittsburgh, Pa. 
STEHL, Howard V. (A 1936). Sales Engr. (for 
mad), Campbell Metal Window Corp , Bush and 
Hamburg Sts , Baltimore, and 5 Beacon Hill Rd , 
Woodlawn, Baltimore Co . Md 
STEINHORST. Theodore F. (M 1919), Pres. 
Emil Stemhorst & Sons, Inc , ol2-16 South St , 
and (for mad), 1664 Bnckerhoff Ave , Utica, 

N y. 
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STEINKELLNER, Edvvard J (J 1936; S 1933), 
2162 South 32nd St , Milwaukee, Wis 

STEINMETZ, C. W. Arthur (M 1934), Branch 
Mgr (for mail), Amencan Blower Corp , 249 
High St . Newark, and 60 Oakwood Ave , 
Bogota, N J 

STENGEL, Frank J. (4 1935), Secy (for mail), 
R F Stengel & Son, 76 Rosehill Place, and oO 
Elmwood Ave , Irvin^on, N J 

STEPHENSON, Louis A. (M 1917), Branch Mgr 
(for mail), Powers Regulator Co , 409 East 13th 
St , and 801 West 57th St Terrace. Kansas City, 
Mo 

STERLING, James G , Jr (5 1936), 1841 Wilton 
Rd , Cleveland Heights, Ohio 

STERMER, Clarence J (M 1936), Engr , Crane 
Co , 836 S Michigan Ave , and (for mail), 7830 
Qyde Ave , Chicago, 111 

STERNBERG, Edwin (A 1932, J 1031), Air 
Cond Engr , Armo Cooling & Ventilating Co , 
30 West 15th St , and (for mail), 315 East 68th 
St.. New York. N. Y 

STERNE, Cecil M. (A 1934), Chief Engr (for 
mail), Metropolitan Rehmng Co , Inc , 23-28- 
60th Ave , Long Island City, and 115 Harold Rd , 
W oodmere, L I , N Y 

STERNER, Douglas S (A 1936), Air Cond. 
Specialist (for mail), Tennessee Public Service 
Cio , 626 S. Gay St , and 614 W Hill Ave , 
Knoxville, Tenn 

STETSON, Layrrence R. (M 1913), Engr (for 
mail), McMurrer Co , 303 Congress St , and 35 
Bradfield Ave , Roslindale, Boston, Mass 

STEVENS, Harry L. (M 1934; A 1927, J 1924), 
Secy-Treas. (for mail), M M Stevens Co , ICfS 
W Sherman St , and 7 West 22nd St , Hutchin- 
son, ICans 

STEVENS, Kenneth M. (J 1936), Sales Engr (for 
mail). Powers Regulator Co , 409 East 13th St , 
an d 1326 E Armour, Kansas City, Mo 

STEVENS, William R. (A 1934, Partner. L E 
Stevens Co , 626 Broadway, Cmannati, Ohio, 
and (for mail), 159 Tremont Ave, Ft Thomas, 
Ky 

STEVENSON. Melvin J. (M 1935). Mgr . Air- 


Engr (for mail), Allegheny County Steam 
Heatup Co , 435 Sixth Ave , and 1125 Lancaster 
Ave , Pittsburgh, Pa. 

STEWART, Charles W (M 1910, A 1918), Asst 
Secy. (Tor mail), Hoffman Speaalty Co , Water- 
bury National Bank Bldg , and 21 Yates Ave , 
Waterbury, Conn 

STEWART, Duncan J. (M 1936, A 1930), Mgr., 
Electncal Div. (for mail), Barber-Colman (To . 
and R R. No 3, Rockford, 111 

STOW^T, John C, ^ 1934), Owner, Plbg and 
Htg (for mail), 1844 Smith St , and 2807 Victoria 
Regina, Saak , Canada 

STILES, Gordon S. (/ 1936), Sales Engr , Sidles 
Airtemp, 208 David^n Bldg , Dee Moines, and 

ruff?*: tnaLd)i 229 Stanton Ave , Ames, Iowa 

SraX, R.* (M 1904). (Prestdenhal Member), 
V**^®*^' 1917, Council, 
1916-19^), Vice-Pres (for mail), Amencan 
Blowff Corp., 40 West 40th St , and 1 East End 
Ave , New York, N Y 

STILLER, W. (/ 1933). Estimator (for 

n^l), F C Stiller & Co , 129 S Tenth St . and 
» Mumeapolia, Minn 

STINARD, Rutherford L. (J 1934). Engr., 
Co * ^ West 40th St . New 

SmT, ArAur B. (i 1935, 5 1933), Mech Engr., 
5 ? & Co , 51 East 42nd SL, New 

York, N Y , and (for mail), 30 Bundy Apts, 
Middletown, Ohio 

STOCK, Chttles S. (M 1936), Dist. Repr.. 

Corp . Room 404, H08-16th St. 
N,W . Washin^n, D. C , and tfor mail), 6752 
Fairfax Rd , Bethesda, Md 


STOCKWELL, William R (M 1903, J 1901). 
Gen Mgr, Mtg Div , Wcil-McLam Co, 
Michigan City, Ind 

STOEIES, Alvin D. (A/ 1936), Ercctum Supt , 
Coordinator, York Ice Machinciv Cotp , 215 
Imestment Bldg, and (for mail), .^SS.V-llth St 
N W , Washington, D C 

STOKES, Arledge (7 1036), Bianch Mgi (for 
mail), Sidles Co . Ait temp Div , SIS Stuart Bldg , 
and 1432 G St , Lincoln, Ncbr 
STONE, Eugene R (M 1013), 78 Woodbine St . 
Quincy, Mass 

STONE, George F. (Ltfe Member, M 1918), 1.510 
Cayuga St , Philadelphia, Pa 
STORMS, Robert M. (M lOHO), Consulting Engr , 
Storms & Gibba, 00 1 Architects Bldg, Los 
Angeles, and (for mail), 351: W Wilson Ave, 
Glendale, Calif 

STRAKOSH, Walter C. (5 1035), 911 S Fourth 
St , Champaign, 111 

STRAUCH, Paul C. (A 1930, S.ilcs Kngr , 
Henry Furnace & Foundry Co , 18tU and Mem- 
man Sts , and (for mail), Sherwood Hall, Cam- 
bndge Court Apts , Edgewood Boio, Pittsburgh, 
Pa 

STRAVITSCII, Joseph J (J 1036). Estimator 
and Salesman, Standard Air, Inc , 10 West 40th 
St , New York and (for mail), 9.508 Linden Blvd , 
0^one Park, L I., N Y 

STREVELL, Roger P. (Af 1030, Secy-Treas (tor 
mail), William R Hogg Co , Inc , 900 Fourth 
Ave, Asbury Park, and State Ilighw.iy and 
Victor Place, Neptune, N J 
STRICKLAND, Albert W. (A 1920), Iltg and 
Vtg Engr . Big Timber, Mont 
STRINGFELLOW, Jack C. (7 1936; S 10.35), 
A. M Lockett & Co. 305 Magnolia Bldg, 
Dallas, Texas 

STROCK, Clifford (A 1029), Associate Editoi (for 
mil), Heating & Ventilating, 148 Lafayette St . 
New York, and 82-15 Britton Ave , Elmhurst, 
L. I , N Y 

STROUSE, Sidney B. (M 1021), Consulting 
Engr (for mail), S B & B 11 Stiouse, r>(X)-20 
Guarantee Trust Bldg , and 22 S lUmow Ave., 
Atlantic City, N J 

STTIUNIN, Jay (7 10.3.3), Engr , .ind Contmetor 
(for mail), Strunin Plumbing & Heating Co. 
Inc , 408 Second Ave , and 64 West 89th St . 
New York, N Y. 

STOART, MUton C.* (M 193.5), Piof of Mech 
Engrg. (for mail), Lehigh Umvcralty, Mech. 
E^g Dept , and M5 Norway Place, Bethlehem, 

WlUtam C. (M 19.34), Associate Naval 
A^t, U S Government (for mail), Hull 
Drawing Room, Norfolk Navy Yard, and 30 
« Ave , Portsmoutli, Va 

william (S 1036), 511-.12th Ave. E., 
Duluth, and (for mail), 315-16th Ave. S E., 
Minneapolis, Minn. 

Sl^DERra, Leo, Jr. (7 1036), Bxanch Mgr., 
Johnson Service Co , 702 Bona Allen Bldg , and 
Lamer Place N E.. Atlanta, Gn. 
SIMMERS, Ernest T. (A 1980), Pres, (tor mail), 
Summe^Darlmg & Co, 121 Smith St., and 
Ste 22 Newcastle Apts., Winmiicg, Man , 
Canada 

ST^ELL, Samuel S. (7 1936; 5 1033), Kngr , 

3040 Longfellow Ave., Minneapolis, Minn. 
SUPPLE, Graeme B. (M 1934), Sales Engr. (for 
m^), Amenmn Blower Corp., 626 Architects 
and Buildera Bldg., and 6224 Park Ave,, India- 
napohs, Ind. 

SUTCLIFFE, Arthur G. (M 1922; A 1018), Chief 
9® Electnc Ventilating Co, 2850 N. 
Crawford Ave , and (for mail), 4146 N. St. Louis 
Ave , Chicago, 111 

SUTHERLAND, David L. (A 1934), Pres and 
Treas ffor n^l), Sutherland Air Conditiomng 
Corp, 627 Marquette Ave., and 181,5 Colfax 
Ave. S., Minneapolis, Minn. 




Roll of ^Membership 


Sim'liR, Edftar E {A 1930). Sales Engr . MueUer 
Brass Co , Port Huron, Mich , and (for mail), 
0700 Si\tii St N W , Washmfiton, D C 

SWANICV, Carroll R. {M 1029, J 1921), Sales 
Lnp:r (for mail), Gilbert Ilowe Gleason & Co , 
25 lluntinKton Ave , Boston, and 43 Clyde St , 
Ncwtimvillc, Mass 

SWANSON, ICarl C. (.1 1935), Research Engr (for 
mail), Anclorsen Ftarae Corp , Bayport, and 616 
W Mulbeiiy St . Stillwater, Mmn 

SWANSON, Nils W. (A 1036), Sales Engr (for 
mail), McDonnell & Millci, 190 N Michigan 
Ave , Room 1310, and 7 138 N Artesian Ave , 
Chicago, 111 

SWANSON, Rolf G. (J 1930; S 1936), 321 Walnut 
St S 1C , Minneapolis, Mmn. 

SWANSTROM, Alfred E (J 1936; 5 1932), 
('onsti action Foreman, U S Dept of fntenor, 
and (tor mail), 1414 Van Buren St, St Paul, 
Minn 

SWEArr, Charles 11. (7 1030, 6’ 1936), 4269 
Unity Ave , Kobbinsdalc, Mmn 

SWEIVKN, C E, (7 1030, & 1935), 400 Walnut 
St S h. , Minneapolis, Mmn 

SWENSON, John E (A 1930), Industrial Engr 
(lor imul), Mmnccipolib Gas Light Co , 8^ 
Ilennepin Ave, and 1853 South 14th Ave, 
Minneapolis, Minn 

SWlhT, Paul F. (A 1935), Secy . Carl F Scheffer 
C'u , 838 S Mam bt , and (for mail), 1115 Old 
Crchiiid Ave , Dayton, Ohio 

SWISHER, Scephon G., Jr. (M 1936, A 1034). 
Blanch Mgi (for mail), Trane Co , 125 E Wells 
St , and 1711 E Dean Rd , Fox Point, Mil- 
waukee, Wis 

SYOOW, Louis J. (M 193C), Owner (lor mail). 
Colonial Heating & Sheet Metal Co , 14^ 
lloduimont Ave,, and 3841 Maffit Ave , St. 
Louib, Mo 

SYSKA, Adolph G. (M 1033). Consulting Enm. 
Syska & Hennessy, 420 Lexington Ave, New 
York, N Y. 

S/^EKKLY, Ernest (M 1020), Vice-Ptes and Gen. 
Mgr (tor mad), Bayley Blowei Co , 1817 South 
0()tli St, and 3104 W. Kilboum Ave, Mil- 
waukee, Wis 

SZOMBATUY, Louis R. (A 1030), Pres , Fergu- 
son Shw't Metal Works, 31 N Florissant Blvd , 
Ferguson, Mo. 

T 


TABOR, Charles B. (7 1930, 5 1935), 1816 
Univcisity Ave. S Pv , Minneapolis, Mmn. 

TACKJART, Ralph €.♦ (M 1912), 14 Lyon Ave . 
Menanda, Albany, N Y. 

TALIAFERRO, Robert R/ Control 
Engr, Gamer Corp, 850 Frelmghuysen Ave, 
Newuik, and (for mad), 133 Mountam Ave. 
Summit, N. J 

TALLMADGE, Webster (Af 1924), Pres, (for 
nwd), Webster Tallmadge & C.o, Inc, 256 
Not til ISth St, Ifiast Orange, and 7 Claremont 
IMaie, Montclair, N. J. 

TANKER, 

Weatherliwid Co , 020 PYankfort Ave , Cleve- 
land, and (for mail), 1303 Virgirua Ave , Lake- 
wood, Ohio 

TARR, Harold M. (ilf 1931), Htg and Vtg Engr . 
21 Montague St , /Xrlmgton Heights, Maas 

TASKER, C.* (A/ 1935), Research FeUowm Fuels 
(for mall), Ontano Research Foundajhon, 43 
Oueens Paik, and 737 Avenue Rd, Toronto, 
Ont, Canada. 

TAVBRNA, Frederick F. (M 1928, A 1927, 
7 1924), Engr., Raialer Heatup Co , IM Amatw- 
dam Ave., New York, N. Y , and (for mad), 
too 12th St , Union City, N J. 

TAYLOR, Edward M. (A 1?34), Cfor 

mad). Taylors. Ltd , 3^A Lichfidd St » and Or 
Kahu Rd, Totara St, Christchurch, New 
Zealand. 


TAYLOR, Harold J. (M 1937), Htg -Vtg Con- 
tractor, 17514 Greenlawn Ave , Detroit, Mich 
TAYLOR, John J. (M 1936), Partner (for mail), 
John Taylor & Son, 15 Hamilton St, and 37 
Kay's Ave , Dulwich Hill, Sydney, NSW, 
Australia 

TAYLOR, R. F (M 1915), Consulting Engr (for 
mail), 1306 Santa Fe Bldg , and 6144 Prosp^, 
Dallas. Texas 

TAYLOR, WxUiam E. (A 1934), Factory Sales 
Engr, Air Cond Div (for mad). Gar Wood 
Industries. Inc , 7924 Riopelle St , and 2008 W 
Grand Blvd , Detroit, Mich 
TAZE, Donovan L (M 1931), Mgr, Amencan 
Blower Corp , 1302 Swetland Bldg , Cleveland, 
Ohio. 


TEAL, Edwin T. (7 1936, S 1935), Graduate Asst , 
Dept of Mech Engrg (for mail), Agricultural 
and Mechanical College of Texas, Cdlege Station, 
and 6416 Velasco, Dallas, Texas 
TEASDALE, Lawrence A. (M 1026), Partner (for 
mail), Office of Hollis French. 20 Ashmiin St., 
and 262 W Rock Ave., New Haven, Conn 
TECKMYER, Fred C , Jr. (5 1936), 1515 Wood- 
ward Ave , Lakewood, Ohio 
TEELING, George A. (M 1930), Consulting 
Engr , 11 N Pearl St., Albany, N Y 
TEMPLE, Walter J. (M 1931), Engr, J A. 
Temple Co , 120 Red Arrow Parkway, and (for 
mad), 1215 Reed St , Kalamazoo, Mich 
TEMPLIN, Charles L. (M 1921), (for mail). 
Carrier Corp , 404 Bona Allen Bldg., and 781 
Sherwood Rd* N E , Atlanta, 

TENKONOHY, Rudolph J. (M 1923), Vice-Prea. 
(for mml), Airtherm Mfg Co , 1474 S Van- 
deventcr Ave , and 3050 Shaw Blvd., St. Louis, 
Mo 

TENNANT. Raymond J. J. (A 1929), (for mail), 
Pittsburgh Business Properties, Inc , Oliver 
Bldg, Room 2237, and 529 Navato Place, 
Pittsburgh, Pa 

TENNEY, Dwight (M 1932), Pres, and Chief 
Engr (for mad), Teimey Engineenng, Inc., 
Bloomfield Ave at Grove St , Bloomfield, and 
83 Summit Rd , Verona, N J 
TERHUNE, Ralph D. ^ 1936), Rwr , Amencan 
Gas Products Corp., Fourth and Channing Sts 
N E., Washington, D. C., and (for mail), 4516 
Highland Ave , Bethesda, Md 
TERRY, Matson C. (M 1936). Chief Engr (for 
mail). Standard Air Conditiomng, Inc , Second 
and Beechwood Sts , and 138 Calhoun Ave., 
New Roch^e, N, Y 

THEORELL, Hugo G. T.* (Life Member M 1902), 
Consultmg Engr , Hugo Theorells Ingemorsbyra, 
Skoldungagatan 4, Stockholm. Sweden 
THETFORD, James E. (7 1936, 5 1935). 411 E 
Healey St , Champaign, 111. 

THINN, Christian A.* (M 192D. Chief Engr . 

C A Dunham Co , 450 E. Ohio St , Chicago, lU. 
THOMAS, Glegge (M 1923), Branch Mar. (for 
mail), Clarage Fan Co., 816 Distnct National 
Bank Bldg , Washington, D C , and 4225 
Lorcom Lane, Lee Heights. Arlington, Va. 
THOMAS, L G. Lee (M 1934), Vice-Pres. (te 
mail), Economy Pumping Machinery Co , 3431 
West 48th Place, Chicago, and 426 Forest Ave., 
Oak Park, 111. 

THOMAS, Melvem F. CM 1909), ConaulH^ 
Engr (for mad), Thomas & Waidell, 863 Bay St., 
and 24 Rivercrest Rd , Toronto. Ont , Canada. 


THOMAS, Norman A- (Af 1928), Pres (for mad), 
Thomas Heating Co , 11th and Hemck Ave., and 
824 Monroe Ave , Raane, Wis 
THOMAS, Richard H. {Ltfe Member, M 1920), 
Pres , Economy Pumping -.Machinery Co , 3431 
West 48th Place, Chicago, 111 


HOMMEN, Adolph A. (A 1929), Metalworker. 
John W Thomson, 1437 West 103rd St , and (for 
mad), 3400 West olst Place, Chicago, lU 
HOMPSON, Donald (7 1932), Engrg Dept . 
Carbide & Carbon Chemicals Corn . and (for 
mail), 514 Simms St , Charleston, W. Va. 
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THOMPSON, Edwin F. (A 1035), Drattsman, 
E. I duPont de Nemours Co . Wilmington, Del , 
and (for insul), Atglen, Pa 
THOMPSON, Frank (M 1933), Chief Engr . 
Vulcan Iron Works, Ltd , Sutherland Ave., and 
(for mail), 343 Newman St , Winnipeg, Man , 

CanflHn 

THOMPSON, Nelson S.+ (M 1917, J 1897), 1615 
Hobart St N W , Washington, D C 
THOMSON, Thomas N> (M 1899), Consulting 
Engr , Plbg and Htg , 37 Irwin Place, Hunt- 
ington, L I , N. y 

THORNBURG, Harold A. (M 1932, J 1020). 
c-'o N V Industneele Mi j Gebr Van Swaay, 
Soaeteitstraat 16, Soerabaia, Java 
THORNTON, WUliam CM 1931), Sales Engr . 
Norge Nestor, Inc , 1024 W Adams St , and (for 
mail). 3329 Randall St . Jacksonville. Fla 
THRUSH, Homer A. (M 1918), Pres, H A 
Thrush & Co , 21-23 Riverside Drive, Peru, Ind 
THUNEY, Francis M. (/ 1936). ApplicaUon 
Engr (for mail), William E Kingswell, Inc 
(Minneapolis-Honeywell Regulator Co), 3707 
Georgia Ave N W., and 2700 Que St N W , 
Washington, D C. 

TIBBETS, John G. (M 1920), Engrg Dept. 
B & O R. R Co , and (for mail), P O Box 106, 
Elhcott City, Md 

TILLER, Loum (A 1935; 5 1933), Air Cond Engr , 
Oklahoma Gas & Electnc Co , 321 N Harvey, 
and (for mail), 1724 Northwest 20th St , Okla- 
homa City, Okla 

TILTZ, Bernard E. (M 1930), Pres (for mail), 
Tiltz Air Conditioning Corp , 230 Park Ave , 
New York, and 24 Bamum Rd , Larchmont, 
N Y 

TIMMINS. W. W. CM 1937), Dist Mgr (for mail), 
Canadian Powers Regulator Co , Ltd , 314 
Umversity Tower Bldg , Montreal, and 351 
Brock Ave. N , Montreal West, Que , Canada 
TIMMIS, Pierce (M 1920), Service Equip Dept 
(for mail), Umted Engineers & Constructors, Inc , 
1401 Arch St , Philadelphia, and 202 Midland 
Ave , Wayne, Pa 

TIMMIS, W. Walter (A/ 1933, A 1925), Mgr , 
Product Development Sales Engrg (tor mail), 
Amencan Radiator Co , 40 West 40th St , New 
York, and 32 Oak Lane, Glen Cove, L I , N Y 
TITUS, M, S. CM 1928), Carbide & Carbon 
Chemical Com, and (for mail), 124 Rosemont 
Ave., South Charleston, W, Va 
TJERSLAND. Alf (Af 1916, J 1906), E Sunde & 
_ Co , Ltd , Oslo, Norway. 

TOBIN, George J. (M 1905), Owner (for mail), 
187-191 North Ave , and 510 Grant Ave , 
_ Plainfield, N J 

TOBIN, John F. (A 1934), Salesman (for mail), 
Amencan Blower Corp , 228 N LaSalle St , and 
11256 S Artesian Ave , Chicago, 111 
TODD, Meryl L. (J 1936), Mech Engr (for mail), 
901 Waterloo Bldg . and 1119 Vme St , Waterloo, 
Iowa 

TODD, Stanton W., Jr. (/ 1935), Sales Rcpr , 
Amencan Radiator Co , 13^ Broadway, Detroit, 
and (for mail), 606 Lyon N E , Grand Rapids, 
Mich 


TOLHURST, George G. (Af 1936), Htg Expert, 
Gurney Massey Co, Ltd., Pnnapal St, and 
(for mail), 142 Blvd St Germain, St. Laurent, 
near Montreal, Canada. 

TONRY. Robert G. (M 1936), Mgr. (for mail), 
Wiedebusch Plumbing & Heating Co , 511 First 
St , and 507 First St .Fairmont, W Va 
TOpNDER, Clarence L. (M 1933). Air Cond. 
Engr , Sales Engrg Dept , Kelvinator Corp , 
Plymouth Rd., and (for mail), 13391 Marlow, 
Detroit, Mich 

TGRNOUIST, Earl L, (A 1934), Utilization 
Supv (for mail). Public Service Co of Northern 
niinois, 72 W Adams St, Chicago, and 465 
Parkside Ave , E^hurat, 111 
TOROK.. Elmer (AT 1936), Supt of Power (for 
mail). North Amencan Rayon Corp , Elizabeth- 
ton, and 708 W Maple St,, Johnson City, Tenn 


TORR, Thomas W. (A/ l').i3). Chid h.njji , Rudv 
Furnace Co, and (for mail), P O Bok 73, 
Dowagiac, Mich 

TORRANCE. Henry (A/ 1933), Pn‘H . C'.nbonclale 
Machine Co , 175 Chiistophei St , and (loi mail), 
112 East 17th St , New York, N. Y 
TOUTON, R. D. (Af 1<)33). Tocli Ditoctoi (for 
mail), Bayuk Cigars, Inc , Ninth and ('oliimbia 
Ave , Philadelphia, and 19 Lodges Lane, C'vnwyd, 
Pa 

TOWER, Elwood S. (Af 1930), Kngi (loi mail). 
2422 Koppers Bldg, and 5(511 hoibes St , Pitts- 
burgh, Pa 

TR\MBAUER. Charles W. (7 19.i(»), S.deH Kngi 
(for mail), Hoflman Specialty Co , 1>()0 bilth 
Ave , and 1051 University Ave , New Yoik, N Y 
TRANE. Reuben N ♦ (A/ 1915), Pies (toi m.!!!), 
Trane Co, and 120 South 15th St , Lat'rosse, 
Wis 

TRAUGOTT, Mortimer (I 1930), ICast S^dos 
Mgr (for mail), Biyant lle.itci Mfg ('o , 152 
North 15th St , Philadelphia, and 721 Meeting 
House Rd , IClkms Park, Pa 
TREADWAY. John 0 (4 19.3(5, J 19,32), Sale?. 
Engr (for mail), t'latiige ban C'o , 707 Si*cuiity 
Bank Bldg, and 3 M3 (rodd.ti<l Kd , Toledo, 
Ohio 

TROSKE, Joseph J (.1 19311, Vic(^Pi(‘h and 
Gen Mgr (foi mad), Vandei-rioske ('o, 2.i(» 
Winter Ave N.W, and 2,t3 Itiown Si. .S.K , 
Grand Rapids, Alich 

TROSTEL, Otto A. (Af 19.3.3), Kun (loi uuiil). 
Kem Enginccnng Co, Inc, .308.5 IMankinion 
Bldg , and 3156 N SeveiiUi St , Milw.iiikee, Wh 
TRUITT, G. Scott (.V 19.3()), S,ilch Promotion 
Dept, (for mail), HaHtian-Moiley (o, Inc., Ui 
Porte, and Dana, liid 

TRUMBO, Silas M (.1 192(5), .S,il(*h (lot m.ul), 
Buffalo Forge Co , 20 N War kci 1 )i ive, < 3u<'ai»o, 
and 021 Franklin St , Downen <hovc. 111, 
TRUMP, Charles C (Af 19.11), Pres (loi mail). 
Tames Spear Stove it Heating C'o , 182,1 Market 
St, Philadelphia, and 50,1 Il.iiid Kd , Me^rion 
Station, Pa. 

TUCKER, Frank N. (A/ 1926), bield ICngi , llg 
Electnc Ventilating C'o., Room 1108, 1,1 Patk 
Row, New York, and (lor mad), 2.39 Wh.iley St , 
Freeport, L 1 , N Y 

TUCKER, Leonard A. (Af 1935), Uwi. Kngr., 
J J Pocock, Inc , 1920 (Tiestnut SI , Phiki- 
delpliia, and (for uiad)» 518 Ave, 

Ard&lcy, Pa 

TUCKER, Thomas T. (A 19,1(5), Kngr , Annor 
Insulating Co., C & S Bank Bldg , ami (lot 
mad), 3519 Ivey Rd N 1C , Atlanta, (hi. 
TUCKERMAN, George E. (Af 1932), Mgi , An 
Cond. Dept, (for mad), York la* M.ii Inner v 
Corp , 1238 North 4 1th St , IMidadelphia, and 
.302 Rodman Ave , Jenkmtown, Pa 
TURLAND, Charles U. (A/ 19, *14: A 10,30), Mgr , 
Htg and Vtg Dept, Kipp- Kelly, Ltd., (i8 
Iliggins Ave., and (lor xnail), .125 Centennial St , 
Winmpcg, Man , Canada 
TURNER, George G. (A 19,31), Western Kepi 
(for mad). Industrial Press, 228 N. l^iStdle St., 
Chicago, and 714 llinimin Ave , Kvanstoii, 111 
TURNER, Ilany S., Jr. (.V 193(5), Oall.is Power 
& Light Co , 1001 Dallas Power «t Light Bldg., 
andjfor mad), 226 N. bklgefield, Dallas, Texas 
TURNER, John (A/ lOJlO), S.de8 ICngt. (lor mad), 
Minneapolis-Honeywell RegiiKitor t\>., 285 
Columbus Ave., Boston, Muss , and Contoorook, 
New Hampsliiic. 

TURNER, Prescott K. (J 1<)3.3), IIwwl ICngr. 
Crescent Auto Parts, 62 Welistei St., and (tor 
mail), 22 Maplewood Ave , Bxadfoid, Pa. 
TURNO, Walter G. W. (Af 1917; A 1912), Seey., 
H W Porter & Co., Newark, and (f(»r mud), 71 
Lafayette Ave , East Oninge, N. f* 

TUSCH, Walter (M 1917), Htg and Vtg ICngi., 
Tenney & Ohmes, Inc., 101 I'ark Ave., New 
York, and (for mad), 881 Sterling Place, Brook- 
lyn, N. Y 
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TinTLE» Gcorjie H (A t'J36; J 1034), Htg 
ICngi. (ioi null), Detroit Edison Co , 2000 Second 
Avc , and 1 1242 Rutherford, Detroit, Mich. 
TUITLE, J. Frank (Ai lOl.i), bales Agt (for 
mail), Warren Webstei & Co, 127 Federal St, 
Boston, and l,ewia Rd , Wmdieatcr, Mass 
'niVE. Cicorfte h » (Af 1032). Prof of Hcat- 
Powci EngiK (foi null), Case School of Applied 
Si lem e, and UO 1 Cleveland Heights Blvd , 
Cleveland, Ohio 

TUXIIORN, David B (Af lO.Jd), Iltg Engr . 
L V Steiiart & Uio , Inc , 138-12th St N E , and 
Ooi^muil), 112;M3th St NW, Washington, 

TWIST, Charles F. (A/ 1921), Pres (for mail), 
Aahwcll-TwiMt Co, M(>7 Thomas St, and 2310 
Tenth Avc N , SOiittle, Wash 
TYLER, Roy I). (A/ 1028). Mgr (for mail). 
Module Mlg t'o , 101 Paik Ave , New York, and 
ir» llighlnook Ave , Pelham, N Y 
TYSON, William II (A/ 1028), Mgr of Engrg 
(tor mail), (roodye,ir lyie & Rubber Co, Ltd, 
and “Kipewa" Codsall Rd , Nr Wolverhamp- 
ton, ICngland 


u 

CIIL, Edwla J. (A/ 1025), Partner (for mad), 
(Ihl ('o. 132 S. renth St, and 4830 Pleasant 
Ave S., Minne.ipolu*, Minn 
IJIIL, Willard F. (A/ 1018), Partner (for mail), 
Uhl C'o, 132 S Tenth St, and 4710 Lyndale 
Ave S , Minneapolis, Minn 
UHLIIORN, W. J- (A/ 1020), 733 S. Highland 
Ave. Oak Paik, III. 

IILLMAN, llorbcrt G. (A 1028), American 
Rtiduitoi C'o , '10 West 40tii St , New York, and 
(tin mad), 107 White Rd , Scaisdale, N Y 
URDAlll^, Thomas 11 (A/ 1030), Consulting 
ICngt (1 01 mail), 720 Jackson Place, NW, and 
1505 44th bt N W , Washington, D C 


VALE, Henry A L (Af 1020), Managing Directoi 
(loi mad). Vale ik Co , Ltd , 141-13 Armagh St , 
and 2tl 11am Rd , Fendalton, Christchurch, 
New ZisiLincl 

VAN ALKN, Walter T, (Af 1021), Htg Engr and 
S.ile» Agt (tm mad), 1010 Seventh Ave , and 
1300 DatlingUm Rd , Beaver Falls, Pa 
VAN ALwSBOIUJ, Jorold 11 * (Af 1031}. En^ of 
Appheatioii, Hart & Cooley Mfg. Co., 01 W. 
Kiii/ie St , Chicago, 111 

VANCE, Louis CJ. (A/ 1910), Partner Vance- 
Met'iea Sales Co, 2700 Sisson St, and (for 
imul), 1K)2 Maine Ave, Baltimore, Md 
VANDKRHOOF, Austin L. (A 1933), Northern 
Ohio Dist Mgr. (lor mail). Wan en Webster & 
(‘o, 2311 Carnegie Avc., Cleveland, and 2762 
lamdon Rd , Sliakcr Ileiglits, Oluo 
VANDERLIP, P. J. (A 
(tor imul), Od Heating Co , 200 S. Grand Ave . 
and 008 W. Shuiwassec St , Lansing, Mich 
VAN HORN, Howard T. (A 1933), Dist, Mgr . 
^ Ih'troit vStokei Co., 1217 McKnight Bldg , and 
lUn m.ul), 4537 Ciaiid Avc., Minneapolis, Minn 
VAN NUYS, Jay C. (5 1030), 56 W Cliff St. 

SomeiviUe, N. J. « , . 

VARNER. John L, (A 1035), Air Cond and 
('ommerci^U Kngr, Jacksonville 
Inc , 35 W. Momoe bt., and (for mail), Seminole 
Hotel, Jacksonville, l«'la. ~ 

VAIKHIAN, John G., Jr. (/ 1936), &les Engr , 
Ametican Radiatox Co., Fou^ and Clmnmng 
Stb N K., and (for mail), 3701 Massachusetts 
Av<*., Washington, DC. 

VAIKHIN, Frank R (A 1936), %les and Epjjg. 
(tm mad), Green Foundry & Furnace Works, 
and 1)82-38111 St , Des Moines, Iowa 


VELTMAN, Benjamin M. (M 1930), Htg Div 
(for mail). Brown Sheet Iron & Steel Co, 964 
Berry St , and 1818 Goodnch Ave , St Paul, 
Minn 

VERNON, J Rexford (M 1928, A 1026), (for 
mail), Johnson Service Co , 1355 Washington 
Blvd . Chicago, and 733 Brummel St , Evanston, 
111 

VERVOORT, Edward L. (S 1936), House Htg. 
Engr , Brooklyn Umon Gas Co , 180 Remsen 
St , Brooklyn, and (for mail), 31 Yale Place, 
Rockville Centre, L I , N Y 

VETLESEN, G Unger (A/ 1930). 3 East 84th St 
New York, N Y 

VIDALE, Richard (AdT 1935), Air Cond Engr (for 
mail), Qumby Air Conditioning Corp , 618 E 
Mam St , and 572 Flower City Park, Rochester, 
N Y 

VIESSMAN, Warren (Af 1030), Mech Engr, 
Public Buildings Branch, Procurement Div , 
U S Treasury Dept , Washington, D C , and 
(for mail), 2205 Lake Ave , Baltimore, Md. 

VINCENT, Paul J. (Aif 1931), Owner (for mail), 
P J Vincent Co , 2133 Maryland Ave , and 
3807 Beech Ave , Baltimore, Md 

VINSON, Neal L. (J 1936, 5 1932), Engr . H -P 
Regei & Co , 1501 East 72nd Place, and (for 
mail), 6724 Stony Island Ave , Chicago, 111 

VIVARTTAS, E. Arnold (Jkf 1910), Consulting 
Engr , 247 Potter Ave , West New Bnghton, 

5 I,N Y 

VOGEL, Andrew (Af 1020), Engr, General 
Electric Co , 1 River Rd , and (for mail), 1821 
Lenor Rd , Schenectady, N Y 

VOGELBACH, Oscar (Af 1923), Consulting 
Engr , Chamber of Commerce Bldg , Newark, 
and (for mail), 23 William St , North Arlington, 
N.J 

VOGT, John H. (A 1925), Mech Engr (for mail). 
New York State Dept of Labor, 80 Centre St , 
New York, and 87 (^nt Ave , Brooklyn, N Y 

VOISINET, Walter E. (Af 1930), Sales Repr (for 
mail), Buckeye Blower Co , 250 Delaware Ave , 
Buffalo, and 151 Warren Ave , Kenmore, N Y 

VOLBERDING, Leroy A. (A 1930), Air Cond 
Engr , Norge Div of Borg-Wamer, 670 E 
Woodbndge, Detroit, and (for mail), 1019 Rnox 
Ave , Birmingham, Mich 

VOLK, Joseph H. (Af 1923), Pres and Treas (for 
mail), rhos E Hoye Heating Co , 1906 W St 
Paul Ave , and 2905 South 43rd St , Milwaukee, 
WlB 

VO YE, Vernon J. (A 1936), Salesman, Richardson 

6 Boynton Co , 17 Farnsworth St . Boston, and 
(for mail), 20 Richview St , Dorchester, Mass 

VROOME, Albert E. (Af 1932), Air Cond Ena , 
Phoenix Engineenng Corp , 2 Rector St , Ntw 
York, N Y., and (for mail), 412 Morton Ave , 
Rutledge, Pa, 


w 

WAGHS, Louis J. (A 1036; J 1930), Salesman, 
Carrier Corp , Chrysler Bldg , New York, and 
(for mail), 364 East 2lBt St , Brooklyn, N. Y. 

WAECHTER, Herman P (A 1930, J 1927), Air 
Cond Engr., W. T Grant Co , 1441 Broadway, 
New York, and (for mail), 89 Sherman Ave , 
Staten Island, N Y. 

WAGNER, A. M. (A 1921), Branch Mgr. (for 
mail), Amencan Radiator Co , 1741 W St Paul 
Ave , and 1725 E Kane Place, Milwaukee, Ww 

WAGNER, Edward A. (Af 1937), Pies , Wagner 
Engineering Corp , 22 Dunham St , and (for 
mail), 28 Waverly St , Pittsfield, Mass 

WAGNER, Frederick H., Jr. (Jf 1934), Vice- 
Pres (for mail), Niagara Blower Co , 6 East 46th 
St , New York, and 1126 Post Rd , Scarsdale, 
N Y 

WAHRENBROCK, Orln K. (/ 1936), Engr, 
Automatic Appliance Corp , 36 Richmond Hill 
Ave , Stamford, and (for mail), 118 Lenox Ave , 
Glenbrook, Conn. 
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WAITE, Harry (-1 1929), Secy-Treas (for mail), 
Gray Plumbing Co , 1214 Ogden Ave , and 1409- 
17th St , Supenor, Wis 

WALDON, Charles D (4 1932), Consulting 
Engr , Spencer Foundry Co , Penetang, and (tor 
mail), 32 Ferndale Ave , Toronto, Out , Canada 

WALKER, Edmund R (3/ 1934), Sales Mgr (for 
mail). Fedders Mfg Co , Inc , 57 Tonawanda 
St , Buffalo, and 365 McKinley Ave , Kenmore, 
N Y 

WALKER, James £. (5 1936). 214 Rockwood 
Ave, Dayton, and (for mail), 2139 Abington 
Rd . Cleveland, Ohio 

WALKER, J. Herbert* (M 1916), Engr , Asst to 
Gen Mgr. (for mail), Detroit Edison Co , 2000 
Second Ave , Detroit, and 432 Arlington Rd . 
Binmngbam, Mich 

WALKER, William K. (1/ 1935), Development 
Engr., Amencan Radiator Co , 40 West 40th St , 
New York, N Y 

WALLACE, George J (3/ 1923), Fnnapal, Engr 
and Contractor. 96-19-35th Ave , Corona, and 
|fo^^mail), 27-36 Encsson St, E^t Elmhurst. 

WALLACE, Harry P., Jr. (A 1936), Sales Mgr 
(for mail), Crane Co , 400 Third Ave N , and 
ol00-28th Ave. S , Minneapohs, Minn 

WALLACE, James B (A 1935), Dist Repr . Taco 
Heaters, Inc , 342 Madison Ave , New York. 
N Y , and (for mail), 16921 Sorrento, Detroit, 
Mich 

WALLACE. Kenneth S. (3f 1931), Dist Engr. 
(for mail), Waterola Southwest Sales Corp., 
316-18 S San Pedro St . and 1438 West 83rd St . 
Los Angeles, Cahf 

WALLACE, Wilham M., 11 (M 1929), Mgr, 
Temperature Sales Co , 139 North MiU St . 
LeMngton, Ky 

WALSH. Edward R., Jr. (Jkf 1936, A 1935), Sales 
Mm , Automatic Heat & Air Cond , Herman 
Nmson Corp , Moline, 111 , and (for mail), 
Mississippi Hotel, Davenport, Iowa 

WALSH, James A. (A 1932, J 1929), Air Con- 
ditioning Co , Mam at Richmond St , Houston, 
Tc\as 

WALSH, Malcolm (Af 1924), Vice-Pres (for 
mail), Walsh & Wertheim, 604 W. Broadway, 
New York, and 91 Penbroke Ave , S I , N Y 

WALTERS, Arthur L. (M 1920, A 1925, J 1924), 
Chief Engr. (for mail). Green Foundry & Furnace 
Works, Thud and Elm Sts , and 900-29th St , 
Des Moines. Iowa 

WALTERS, William T. (M 1917), Engr , Illinois 
Engrg Co., Cor 21st St and Raane Ave , and 
(for mail), 7966 Phillips Ave , Chicago, 111. 

WALTERTHUM, John J. (4 1922), Htg and 
Vtg Contractor, 212 East 68th St , New York, 
N. Y , and (for mail), 42-a Van Reipen Ave , 
Jersey City, N J 

WALTON, Charles W., Jr. (M 1934). Mech 
Engr. (for mail), Rockefdler Center, Inc, 30 
Rockefeller Plaza, New York, N Y , and 120 
Monte Vista Ave , Ridgewood, N. J 

WANDLESS, Franklin W. (3f 1925), Registered 
Engr. (for mail), 1518 Fairmount Ave , Phila- 
delphia, and Berwyn, Pa 


^®35), Owner, Frank J 
Ward Co., Cold Spnng, Ky. 

J. (A 192p, Pres (for mail), 
Wenzler & Ward, Inc , 1703 Textile Tower, and 
ii07-31st Ave , Seattle, Wash 

WARD, Oscar G. (3f 1919), Dist Repr (for mail), 
Johnson Service Co , 1230 California St , and 
1607 Jasmine St., Denver, Colo 

WAj^ELL, C^W36), Partner (for mail), 

Thomas & Warden, 863 Bay St , and 124 Melroi 
Ave , Toronto, Ont , Canada 

WARE, John H., 3rd (M 1937), Utilities Con- 
tracting (for mail), 45 S. Third St., and “The 
Woods?’ Oxford, Pa 

WARING, Jmnes M. S. (M 1932), Consulting 
Engr., 277 Park Ave , New York, N. Y 


WARREN, Charles W (J 10.10, .'J 103.5). Mech 
Engr , A J Warren (for mail), 231.1 Ave E, and 
3317- Galveston, Te\as 
WARREN, Francis C (A/ 103 n. Kianch Mgr, 
American Blowei Corp , 200 Division Ave N , 
Grand Rapids, Mich 

WARREN, Harry L. (A/ 1030), Siles RoHCaicU 
Engr , Southern Calif oinia (Jas C'o , O.'iO S, 
Broadway, Los Angeles, and (lor mail), 130«t 
Huntington Drive, South I*.isadcn*i, ('alif 
WASHBURN, Marcus J (1 1931), Insulation 
Engr (for mail), ICagle-Pichci I^ad ('o , Temple 
Bar Bldg , and 2213 Paik Ave , ('im inn.iti, Ohio 
WASHINGTON, George (A/ 1931), Kngi , 

Hoffman Specialty Co, Watoibury, ('onn and 
(for mail), 4327 Johnson Ave . Westein .Springs, 

WASHINGTON. Laurence W. (A/ 192<)), Vire- 
Pres (for mail). National UeguUtoi ('o , 2,101 
Knox Ave , Chicago, and 77S Laiiiol Ave , Des 
Plaines, 111 

WATERMAN, John H. 1931), ICugr (for 
mail), Charles T Mam, Inc , 291 Devonshire 
St , Boston, and 7 Centre St , C'ambzidge, Mass 
WATERS, Frank A. (A 19.3(>), Sales ICngr , Auto- 
matic Appliance Corp , 3b Rithmond Hill Ave , 
Stamford, Conn , and (tor mail), Hedfoid Hills, 
N Y 

WATERS, George G. (Af 1931. 1 192(0, Dust 
Mgr (for mail), Amcncan Blower C'orp , M33 
Oliver Bldg, and 52 Vernon Drive, Pittsburgh 
(16), Pa 

WATKINS, George B. (A 1939), Dnectoi ot 
Research (for mail), Libbv-Owens -Koid Glass 
Co , Research Dept , Oakdale and IC BiOiUlwav, 
and 3001 Berdan Ave., Toledo. Ohio 
WATSON, H. Dalton (A 193.5), Hraruh Mgr. (for 
mail), Linde Canadian Rcrngeuition ('<>. 121 
King St , and 61 Fmby St , Winnipeg, Man , 
Canada 


WATSON, M. Barry (Af 1028), Consulting ICugi , 
121 Welknd Ave , Toronto 5, Canada 

WAUNG, Tsing-fi (M 1935, J 1933), Htg. tCngi. 
(for mail), Andersen Meyet & ('o , Ltd., Yuen 
Mmg Yuen Rd , and lb Umc, 152 lOdinbuigh 
Rd , Shanghai, China 

WEATHERBY, Edward P., Jr (7 193(», .V 193.5). 
813 N 2jangs Blvd , Dallas, Tcvis. 

WEATHERLOW, Guy P. (A/ 193b), Htg. ICugr, 
E I. duPont dc Nemourb & Co , and (I or mail), 
207 Beaston Ave , Hillcrest, Wilmington, Del. 

WEBB, Ernest C. (A/ 1035), ICngrg ServKx» Mgr. 
(for mail). Iron Fireman Mfg, Co., 3170 West 
106th St , Cleveland, and 1202 Wooiltude 
Rocky River, Ohio 


WEBB, John S. (A/ 1920), S,ilc8 ICrutr , W D. 
Caskn Co , 60 A St , Boston, .md (lor mail), 
345 Brookline St , Needham, Mass 


wAoo, jonn w. ^ Managing Dircitor 

(for mail), Webb Dust Removing & Drying Co , 
Works, Town r«inc, Denton, and 
Ebor Bnnnmgton, Stockport, England 

t'«>»wiilLing Engr, 

534 Medical Arts Bldg , Seattle, Wash. 
WELTER, E. Kessler (M 191,5), Wanen Webster 
& Co , 17th and Federal Sts , Camden, N J. 

A/tfwAi-r, M 1909, 
A 1899), l^es, Warren Webster & Co., 17tU ami 
Federal Sts , Camden, N. J. 

WEBSTER, Warren, Jr. (Af 1932; J 1027), Vice- 
Pres. and Treas (for mail); Wainm Webstei & 
Co , 1725 Federal St , Camden and Washington 
Ave, and Colonial Ridge Drive, IladdonlieUl, 


WEBSTER, William IL, Jr. (A 1035), Vicc-Pioa. 
or mail), Hurst Heating Engineers, Inc, 400 
York St., and 200 N Shore Rd , (Academy 
Terrace), Norfolk, Va 


WEpISBERG, Otto (Af 1932), Pres and Gen 
My , Coppus Enginecnng Corp . 344 Park Ave.. 
wd (for maxi), 1006 Mam St , Apt. 4, Worce,qter, 
Mass. 
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Roll of Membership 


WKDDLLL, <;corfte <) (M lU.'lfl), Hrancli Mrt, 
Yiuk Uo Miulimciy Corp , 2‘U)0 Ciihon bt, 
Pittshiinili, .itul (lor mail), 3114 Wainbcll Ave , 
DontKmi, IMtsbiiiKli. Pa 

WI'X;MANN, Albert (A/ 1<)1H), (,200 Noith 17th 
bt , l»h,l.icl( Ipliui, Pa 

WhIL, Martin ( I PUr,), Vice-Pres (for mail), 
\V<iI-MtUun (\, , <»n W Lake bt., and 12S9 
lla/d Avo , t'hicaKo, 111 

WHL, Maurke I. ( 1 l‘>28). Pres (for mail), 
t'lu<ano Pump C'o , 2330 Woltiam bt , and ItOO 
W I'.liUfkilo \ve , C'iiic.i}! 0 , 111 
WKIMER, Fri^d (L (.1 191<)). Sales. Kewanee 
lioi Un < (Up , 1711 \V St P.ml Ave, and (for 
mail), 30r>S N Stowell Ave , Milwaukee, Wia 
WKINFELD, Charles (J 103()). bales Enwr (for 
mail), 11 k tiic VeiitilatiiiK Co , 415 Biainard 
St , ami 107 Wimma St , Detioit, Mich 
WEINSII ANK/i Ueodoro'*' (Life Member, M 100(>). 
(Uoaid ol (roveinois, 1913), Consulting Kngr, 
,1307 HeUlen \vi‘ , Chicago, 111. 

WKISS, Aithur P. (A/ 1028), BurnUam Boiler 
t'oip . IiviiiKtoii, .iiid (toi mail), 131 KamnKton 
A\e , Noitli Taiiytown, N Y 
WEISsS, Call A (A/ 1030; 1 1920. Supt (tor 
mail), koinbiodt Koinice Co., 1811-15 Troost 
Ave , ,ind 20 b^ist (,8tli bt., Kansas City, Mo 
WKrrZBL. Cameron B (A/ 103(0. Owner and 
Opeiatox. 122 1C IHkIi St . Manhcim, ^ 
WKri'ZKL, Paul U (J 103G; .S’ 1931). Junior 
ICiiKt , ('aiueron B. WeiLel, 122 1C Hifih St, 
Maulieim, Pa 

WKLCll, Louis A., Jr. (A 1020). U3 Second St , 
Si lieued.idy, N Y 

WICLDY, Lloyd (). (A/ 1930), BiancU Mgi. (for 
mail), Po\v«‘Ui RoKulatoi Co , 2;i‘ll Cainegie 
Ave, ('levelaml, and 10258 Malvern Ave, 
Riu ky Rivet, Ohio 

WICLSa, Harvey A. (4 10.%). Soivicc Supv ICngr . 
llmlson Air ('ouditiouinK Cori> • 1G17 Con- 
iiei lieut Ave , Washington, D (' , and (lor m,ul), 
<1118 I IS* IliKhway, C'lienydale, Va 
WKI/riCR, M. A. (.1 1025), Kiigr (lor mail). Twin 
City lMnnai.e ('o , 41(kl2 W loilcc St , and 4300 
CailieUl S., M iniietipoliB, Minn 
WICNIVr, ICdftar F. (A/ 1018), Pics (for mail), 
Bullalo hoiye Co, 400 BitmUway, and 120 
lamoln Paikw.iy, BuUalo, N Y. 

WKNIvr, ICdwIn IL (J 1030), ICstiraator and 
UMttuinau (lot mail), Wendt Sc Clone Co , 2121: 
Southpoit Ave , and 3800 N Tioy bt , Clncago, 
ill. 

WKRNFR, Richard K. (AI 103(1), Consulting 
Mwli I^'iigi (lor mail), 310 W T Waggoner 
BUIk , timl 3071 Moiiticello Diive, Fort Worth, 
Tevas 

WKS'r, Peiry» (A/ 1011), (Council, 1020-1925, 
Tie.m., 102‘1-192.5), Coiwulting ICngr. and Piof 
(toi uuul), l/iuveiriity ot Kentucky, College of 
ICiiRiK., and 185 1C. MunwcU bt , Lesmgton, Ky, 
WKS'IX)VICR. Wendell (A/ 1030), Pies (toi mail), 
West ovei-W Pile, Inc, 170 Washington Ave, 
AllianVi and 1350 Wendell Avc„ Schenectady, 

N. y. 


WK'i'ZUJ., Hoiace E. (A/ 1034), Chief Engr, (for 
mall). Smith ifi Oby ('o., 0107 Carnegie Ave,, and 
8700 lUsmeie Diive, Cleveland. Ohio. 
WIIALLON, Fletcher (/ 1036: 5 1935), 3862 
Lyndale Ave S . Minneapolis, Minn 


WinCLLICR, Harry S. (M 1910). Vicc-Pres , L J. 
Wing Mtg. Co . 15*1 WiMJt 14th bt., New Yor^ 
N Y., awi (inr nuul), 725 Umon Ave , EJzmbetb, 


N. J. 


WHITE, Kudono B. (Af 1)34), Arch, and Engr. 
(tor mail), Y M C A.,10S USe^e St . Chicago, 
ami 300 N. Taylor Ave . Oak Park, lU 


WHITE, Everett A. {M 1921), Engrg Dept , 
Crane Co , 30 South 16th St., and (tor mail), 
52 U Nottingham St., St. Louis, Mo. 


WHITE, Elwood S. (M 1921), Prea (for mail), 
y. S Radiator Corp., 106b National Bank Bldg , 
Detroit, Mich , and Meadowbank Rd , Old 
Greenwich, Conn. 

WHITE, Harry S. (A 1936), Mgr Sheet Metal 
Dept (for mail), Sellers & Marquis Roofing Co , 
2201 Broadway, and 20 W. Dartmouth Rd , 
Kansas City, Mo 

WHITE, John C (M 1932), State Power Plant 
Engr , Wisconsin Bureau of Engineering, Power 
Plant Div (for mail), 624 E Mam St , and 622 E 
Mam St , Madison, Wis 

WHITE, Waiiam R. (A 1936), Air Cond Engr. 
(for mail), Nebraska Power Co , 17th and Harney 
St , and 4339 Lanmore Ave , Clmaha, Nebr. 

WHITELAW. H. Leigh (M 1916), Vice-Pres (for 
mad), American Products Corp , 40 West 
40th St , New York, N Y , and Overbrook Lane, 
Danen, Conn 

WHITELEY, Stockett M. (M 1933), Consulting 
Engr (for mail), Baltimore Life Bldg , and 
3931 Canterbury Rd , Baltimore, Md 

WHITMER, Robert P. (M 1936) Secy (for mad). 
American Foundry & Furnace Co , McClun and 
Washington Sts , and 1402 £ Washington St., 
Bloomington. Ill 

WHITNEY, C. W. (M 1936), Pres, ABC Oil 
Burner & Engineering Co , 2012-14 Chestnut SU, 
Phdaddphia, and (for mad), Apt F-3, Sevilla 
Court, Bala-Cynwyd, Pa 

WHITT, Sidney A. (J 1937), Air Cond- and 
Refrg Engr (tor mail), Kelvinator Corp, 14250 
Plymouth Rd , and 11950 Ohio Ave , Detroit, 
Mich 

WHITTAKER, Wayne K. (A 1935), Bldg. 
Maintenance Co , 1 Wall St , New York, and (for 
mad), 221-14:-114th Ave , St Albans, L I , N Y. 

WHITTALL, Ernest T. (A 1933), Vice-Pres. 
May Oil Burner of Canada, Ltd , 1/ Elm St . and 
gor mad), 11 Cottmgham Rd , Toronto, Ont , 
Canada. 

WHITTEN, Horace E, (M 1924), Pres and Treas . 
H E Whitten Co , 9 Federal Court, Boston, and 
(for mad), 56 Highland Rd , Somerville, Mass. 

WHITTINGTON, James A. (M 1936) , UtdizaUon 
Testing Engr (for mail). Peoples (Sas Light & 
Coke Co , 3921 S Wabash Ave , Chicago, and 
022 Shendan Square, Evanston, 111 

WIEGNER, Henry B. (M 1019), Branch Mgr., 
Johnson Service Co , 20 Winchester St , Boston, 
and (for mad), 143 Standish Rd , Watertown, 
Mass. 

WIERENGA, Peter O. (A 1931), 231 Brown St 
S E , Grand Rapids, Mich 

WIERIMAN, William J. (J 1930), Machimst (for 
mad), Kearney & Trecker, 1329 South 7l8t SL, 
West Allis, Wis , and R F D Box 152, Aurora, 
Minn. 

WIGGINS, Oswald J. (/ 1935; 5 1933), Chemist, 
Midwest Oil Co , and (for mail), 2708 East 37th 
St , Minneapolis, Mmn 

WIGGS, G. Lome (M 1930, A 1932; J 1924), 
Consulting Engr, (for mail), Umversity Tower, 
and 4797 Grosvenor Ave, Montreal, Oue, 
Canada 

WIGLE, Bruce M. (A 1926), Prea (for mad), 
Bruce Wigle Plumbing & Heating C^o, 9117 
Hamdton Ave , and 18114 Oak Dnve, Detroit, 
Mich. 

WILDER, Edward L. (M 1915), Mgr , Gas Sales 
(for mad), Utility Management Corp, 150 
Broadway, New York, and 12 Mereland Rd., 
New Rochdle, N Y 

WILEY, Donald C. (/ 1936), Sales Engr. (for 
mail), John J Nesbitt, Inc , 205 W Wadeer 
Dnve, and 451 Wnghtwood, Chicago, 111. 

WILHELM, Joseph B. (7 1936, S 1934L Office 
Engr , Avery Engineenng Co , 2341 (Jamegie 
Ave , and (for mad), 1355 West 87th St , Qeve- 
land, Ohio 
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WILKINSON, Arthur (A 1936), Mgr (for mail), 
Wilkixison Engineenng Agenaes, 1253 McGill 
College Ave., and 1469 Drummond St , Montreal, 
Que , 

WILKINSON, Farley J. (M 1933), Mgr Engrg 
Service, Montgomery Ward & Co , and (for 
mail), 18257 Martin Ave , Homewood, 111 
WILLARD, Arthur C * (M 1914), (P}estdenltal 
M ember) t (Pres , 1928, 1st Vice-Pres , 1927, 2nd 
Vice-Prea , 1926, Counal, 1925-1929), (for mail). 
President, Umversity of Illinois, and 711 Floncm 
Ave , Urbana, 111 

WILLER, Murray D. (S 1936), 10713 Drerel 
Ave , Cleveland, Ohio. 

WILLEY, Earl C. (M 1934), Mech Engrg. 
Instructor, Oregon State College, and (for mail), 
1652 “A’* St , Corvallis, Oregon 
WILLIAMS, Allen W. (A 1915), Managing 
Director (for mail), Natiomd Warm Air Heating 
& Air Conditiomng Association, 50 W Broad St , 
Columbus, and 51 Meadow Park, Bexley, Ohio. 
WILLIAMS, Clinton R. (M 1936), Draftsman. 
E I duPont deNemours Co , Wilmington, Del , 
and (for mail), 155 Pnmoa Ave , Folcroft, Pa 
WILLIAMS, Frank H. (J 1934), Test Engr (Air, 
Cond), Fngidaire Div of General Motors, 
Taylor St., and (for mail), 118 Maplewood Ave , 
Dayton, Ohio 

WILLIAMS, Gordon S. (5 1936), Lab Asst . 
Dept of Mech Engrg, Yale Umversity (for 
mail), 400 Temple St , New Haven, Conn , and 
88-02-193rd St . Hollis, L I . N Y 
WILLIAMS, J. McFarland, Jr. (4 1928 ,V 1927), 
Sales Engr, 1407-35th St Nw, Washington, 
D C. 

WILLIAMS, J. Walter 1915), Pres (for mail), 
Forest City Plumbmg Co , 332 E State St , and 
923 E State St , Ithaca, N Y 
WILLIS, Leonard L. (J 1936, 5 1935), Engr , 
Conrad Refrigeration Co , 17 E Hermepin Ave , 
and (for mail), 6036 Lyndale S, Minneapolis, 
Minn. 

WILMOT, Charles S. (M 1919), (for mail), 
Bmlding Insulation Co, 106 South 16th St, 
Philadelphia, and 406 Eskx Ave , Narbertli, Pa 
WILSON, Alexander {M 1936], Consulting Engr 
(for mail), 315 New mks Bldg , and 3750 Cote 
des Neiges Rd , Montreal, Canada 
WILSON, Andrew (M 1936), Htg and Estimating 
Engr , Montgomery Ward & Co , 150th St , and 
Jamaica Ave , Jamaica, L I , and (for mail), 
5523 Seventh Ave , Brooklyn. N Y 
WILSON, Eric D. (Af 1936), Air Cond Engr (for 
mail), Cramer Co , Ltd , ^ Buckingham Gate, 
London, S W 1, and Gorof House, Ystradgynlais, 
Swansea, England 

WILSON, George T. (M 1926), Sales Engr, 
Gurney Foundry Co , Ltd , 4 Junction Rd., 
Toronto, and (for mail). Tyre Ave , Islington. 
Ont , Canada 

WILSON, James W. (J 1936; 5 1935), Route 1, 
Box 132 A, Irving, Texas 

WILSON, Raymond W. (Af 1934), Member of 
Firm (for mail), Wilson- Bnnker Co , 412 Pythian 
Bldg , and 429 C^eston Ave , Kalamazoo, Mich. 
WILSON, Robert A. (M 1936), Sales Engr, 
Minneapolis-Honeywell Regulator Co , 4601 
Prospect Ave , Cleveland, and (for mail), 1620 
Grace Ave , Lakewood, Ohio 
WILSON, W. H. (A 1932), Steamfitter Foreman, 
PuUman-Standard Car Mfg Co , 11001 Cottage 
Grove Ave , and (for mad), 22 West 110th Place, 
Chicago, 111 


WILSON. WUliam H. (A 1923). Branch Mgr., 
Johnson Service Co , 607 K Michigan St , and 
(for mail), 2023 E Ohve St., Milwaukee, Wis. 


WILTBERGER, Constant F. (M 1935), 'M'fch. 
Engr , Stevyart A. Jellett Co , 1200 Locust St . 
and (for mail), 2650 N. Ninth St, Philadelphia, 


WINANS, Glen D. (Af 1920), Engr of Steam 
Distribution (for mail), Detroit Edison Co , 2000 
Second Ave , and 16183 Wisconsin Ave., Detioit, 
Mich 

WINOUIST, Walter J. {A 1030), Iltg and Vtg 
Engr , 204 Nostrand Ave , Brooklyn, N Y 
WINSLOW. C.-E. A.* (M 1932), Prof oi Public 
Health (for mail), Yale irniversity, .310 Cedar 
St , and 314 Prospect St , New Haven, C'ciin 
WINTERBOTTOM, Ralph F. (M 1023), Engr , 
Wmtei bottom Supply Co, and (for mail), 100 
Campbell Ave , Waterloo, Iowa 
WINTERER, Frank C. (M 1020), Sales Mgr (for 
mail), Cochran Sargent Co , Broad w.iy and 
Kellogg Blvd , and 830 Juno St , St Paul, Minn. 
WINTHER, Anker (A 1030, J 1032), An Cond 
Engr, York Ice Machineiy Coip , 21l(; Gilbert 
Ave , and 3020 Stettimus Ave , Cmcmiuti, Ohio 
WISE. Daniel E. (5 1931), 400 Temple St, 
New Haven, Conn 

WISSING, Clement B. (A 1030), Secy and tides 
Mgr (for mail), Ebncr Ice & ('old Storage Co , 
Locust and Chestnut Sta , and 702 N. Sixth St , 
Vincennes, Ind 

WITHERIDGE, David E. (J 10.30), Engr , W A 
Withendge Co , 746 S Fourth Ave , Saginaw, 
Mich 


WITMER. Charles N. (J 1030), Dist Dealer 
Supv (for mad). Carrier Corp , 2022 Bryan St . 
and 41 m^^ Prescott St , Dallas, Te\.»s 
WOESE, Carl F. (M 1931), Consulting lingr (lor 
mail), Robson & Woese, Inc , 1001 Bin net Ave , 
and 250 Robineaii Rd , .Syiacuse, N Y 
WOHL, Maurice W. (A/ 1031), 100 Linden Blvd . 
Brooklyn, N. Y. 

WOLF, John C. (Af 192,3), Iltg and Vtg Engr, 
(for mail), B F Sturtevant Co , and 70 Beacon 
St , Hyde Park, Mass 


WOLF, PhUip (Af 10,15), City Contiacting Co . 
2026 Fifth Ave , New York, NY 


J^-ngr , Bell & (Jossidt 
Co, 3000 Wallace St, and (lor m,ul), 7250 
Champlain Ave , Chmigo, III 


WOOD, Frederick C. (A 103(), J 1011), Sides 
Engr , Air Cond (for mad), An temp, Inc , Div, 
Chrysler Motors, 8021 ('omuit Rcl , and 16220 
Normandy, Detioit, Mich 


WOODMAN, Lawrence E. (Af 10,31), Pies (for 
Appliance « Enginemmg ('orp., 
203 E Capitol, and 101 1 Imirmouiit, jelferson 
City, Mo 


^ ' rop (for mail), 

F H Higgins, 311 E. State St , and Hook Place, 
Ithaca, N Y. 


M^n S. (Af 1034), Diaftsmau, 
H H Angus, Consulting Engr , 1221 Bay St . 
and (for mad), 31 Hillcicst Park Ave , Tonmto. 
Ont , C:anada 


WOOLLEY, J. Herbert (A 19,30). Vice-Piea. (for 
mad), Woolley Coal Co , Inc , 12 Bin nett Ave , 
Maplewood, and 75 Oakview Terrace, Slioit 

axIHSi j 

Woolston-Woods 

Co., 2132 Cherry St , Philadelphia, Pa 

Stiuctural and 
^ J Mackenzie Watcis, Arclit , 
96 Bliwr ^ W., and (for mad), 102 Gcolfiey St., 
Toronto, Ont , Canada 

Hemun fJlf 1025! / 1018), National 
majp, pelco-hngidairc* Condition- 
ing Division, 1420 Wisconsin Blvd , and 510 W. 
Norman Ave , Dayton, Ohio, 

WORTHING, Stanley L. (M 1930), Consulting 

WRIGHT, Clarence E (J 1935. 5 103,i), Htg 
Plastw Co., and (for mad), 
506 Ogden Ave , Fairmont, W Va 

^*9n**'^*«I*^^**' 1^17), Mfrs. Repr (for 

Terrace, Kansas City% Mo. ^ 
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Roll of Membership 


WRI<;nT, Kenneth A. (A/ lOlil), Hianch Mgr 
(i«>i mail), Ifilinson Servire Co, lllS Race St, 
('iminnati, t)hm, and lilt OrcUaid Rd , Ft 
Mitihell, (N»\im*t<»n, Ky 

WKUiiri, M Blrney (*1 1<):W; / 1<)21)), Mech 
1< iigi (tor iii.iil), R 1 dulNnit dcNcmours & Co , 
i» () Itov ir>,t7, and Cedar Ave , S Hills, 
Cliaileston, \V Va 

WRICHIT, William J. {T 1030, .S lilt W, 

niinois St , Ihbaiu, lU 

WHNDKRMCn, Milton S * (A1 102r)), Chairman 
Ki'seauli .iiid Test ('ommittce, Inbulite Co, 
1100 Buildi’ti RNthange, Minneapolis, and (tor 
m.ul), 61a Mt C'uive lilvd,, St Paul, Mmn 

WYA'IT, DeWitt 11 (A/ llM(i), t'ousulting lingr., 
22(i Noitliiidre Kd , (Nilumbiis, Ohio 

WYMK, Howard M. (A/ 1026, J l‘)17), Vice- 
PioM 111 t'h.iii'e ot vSalos (fox mail), Nash Engi- 
neeiiny ('o., .iiul 51 IClmwoud Avc., South 
Noiwalk, ( oun 


Y 


YA<;KR, John J. (Af 1021), 425 Woodbndge Ave , 
Buiialo, N V 

YACilLOO, tlonstantin P.-** (A/ 102.1), Asst Pi of 
ol Iiului.tiial Hygiene (ioi mail), Hat yard School 
ot Vuhlie lleaUh, .55 Shattuek St., Boston, and 
10 Vet non Rd , Belmont, Mass 
YA'I'KS, <;eonle L. {J 1020; S lO.'U), Instructor, 
Dept < »il iC this Plod , (Inivetsity ot Pittabuigh, 
Pittshmgh, Pa, and (lot iu.iil), 1220 Johnstime, 
UatthNsville, OUa. 


YATKS, lames K, (Af lOJM), Mgx (lor mail), 
YuLes‘Neale Co , 2111 Tenth St , and dUl-lOth 
St , Hi.indon, Man, ('anada 
VA'I'RS, James h , Jn (J 1020), Setvicc and 
Inst.iIl.itKin Mgt (lor mail), Autoiiuitic Heating 
t'o,, Ltd , 207 holt St , .uid 502 Rivet Avc, 
Winiiip<T. M.in,, (\iiuula 
YAT’KS, Waller (/w/r Mmhir, M 1002), Oovern- 
mg Diieelot (lot niail), Matthews & Yates, Ud , 
Cvdotie Woihs, and PatLsend, Swinton, Man, 
I''iiglati(l 


YOUNG, Emil O. (A 1935), Pres, (for mail). 
Young Ventilating Co , 2703 Woodland Ave., 
and 2040 Bast 83rd St , Cleveland, Ohio 
YOUNG, Forest H., Jr. (A 1936), Mgr, Young 
Heat Engineering Co , 116 North 26th St , 
Billings, Mont 

YOUNG, J. T , Jr. (A 1936), Sales Engr (for 
mad), Crane Co , Bo\ 1410 (307 W. Second So ), 
and 237 D St . Salt lAke City, Utah 


z 

ZACK, Hans J {M 1928), Pres , Zack Co , 2311 
Van Buren St , Chicago. Ill 

ZANGRILLI, Albert J. (5 1935), 537 Turrett St , 
Pittsburgh, Pa 

ZIBOLD, CbtI E. (Af 1929). Mech Engr . Htg. 
and Vtg , 13 Chadwick Rd , Westminster Ridge, 
White Plains, N Y 

ZIEBER, William E. (Af 1935). Asst. Chief Engr. 
(ior nmd), York Ice Machinery Corp . Roosevelt 
Ave , and 112 S Penn St , York, Pa. 

ZIESSE, Karl L. (A 1931), Secy -Treas (for mail), 
Phoeniv Sprinkler & Heating Co , 116 Campau 
Ave N W , and 315 Hampton Ave S E , Grand 
Rapids, Mich 

ZIMMERMAN, Alexander H (A 1930), Venti- 
lation Engr , Chicago Board of Health, Randolph 
and LaSalle St, and (for mail), 5449 N St 
Louis Avc , Chicago, 111 

ZINK, David D (M 1931), Consulting Engr (for 
mad), 220 West 47th St, Kansas City, and 
Hickman Mills, Mo 

ZOKELT, Carl G. (AI 1921). Consulting Engr., 
3810 -24th Ave S, Seattle, Wash 

ZUllLKE, William R (Af 1928), Exec Engr , 
American Radiator Co , 40 West 40th St , New 
York, and (for mad), 54 Midland Ave , Yonkers, 
N Y 

ZWALLY, August L. (A 1937), Air Cond Engr., 
Interstate Electric Co , 300 Spring St , and (for 
mad), 908 Elmwood, Shreveport, La 




Summary of Membership 

(Corrected to January 1, 1937) 


UNITED STATES AND ISLAND TERRITORIES 

Alabama 3 Nebraska .... 6 

Arizona 2 New Hampshire 1 

Arkansas 4 New Jersey 106 

California 49 New York 381 

Colorado 7 North Carolina . 12 

Connecticut. 30 North Dakota I 

Delaware 9 Ohio 161 

District of Columbia.. 61 Oklahoma 35 

Florida 11 Oregon. 2 

Georgia 16 Pennsylvania 237 

Hawaii 1 Phillipine Islands ... 2 

Illinois 253 Puerto Rico 1 

Indiana 22 Rhode Island 5 

Iowa 14 South Carolina 2 

Kansas 9 South Dakota 2 

Kentucky 13 Tennessee 9 

Louisiana 14 Texas 42 

Maine 4 Utah 2 

Maryland 30 Vermont 3 

Massachusetts... 102 Virginia 13 

Michigan. 120 Washington 26 

Minnesota 119 West Virginia 9 

Missouri 109 Wisconsin 66 

Montana 4 2130 

Canada 157 


FOREIGN COUNTRIES 


Australia.. 

Belgium. 

Brazil 

China 

Czechoslovakia 

Denmark.. 

England... 

France 

Germany. 

India.... 

Ireland.. 

Italy. 

Japan. 

Java 


4 Mexico 

1 Manchouko 

1 New Zealand 

Norway 

j Palestine 

- Scotland 

South Africa 

Spain 

® Sweden 

2 Trinidad 

1 Turkey. 

1 U. S. S. R.... 

4 Venezuela 

5 

1 Total Membership... . .. 


SUMMARY OF MEMBERSHIP 

Honorary Members 

Presidential Members 

Members 

Associate Members 

Junior Members 

Student Membeirs 


BY GRADES 

- 3 

25 

1366 

540 

357 

91 

2372 


2 

1 

3 

2 

1 

1 

2 

2 

3 

1 

1 

1 

1 

85 

2372 


66 



LIST OF MEMBERS 
Gcoftraphically Arranged 


UNITED STATES 
and 

ISLAND TERRITORIES 


ALABAMA 

Bli nilnithtiHi 
ImkmI, 11 V 
i.Khtv. t‘ r 

akk/ona 

Phomix 
1mIw.lt (K II. B 
k<*V'U I# I* 

AKKANSA.S 

<’ K. 

Fort Mrnlth 
Ilriiu k, L. 

IHtw lUnlY 
<}jm, W, K 

Silottfii SprlnUH 
<’ R, 


CALIFORNIA 


<;i<xxkilol4^ 

Mono, 1*. L. 

SuniUN* K. M. 

I lolly wood 

lUitmriitlml, M, I. 
ItunifiMloKL L. 

I«OA AnA<sl«^ii 
Amlrrmm, t\ S. 
llnulutKl. N. VV. 
Wnloftl. W, M, 
llultiH'k. IL II 
<‘.LWh>% I'k I. 

< 'out. id, K. 

A. \V, 

('latiMtotu W, M.» Jr. 
DU'kiOMin, T. 
Douitkiii, II. IL 
KtlinkWiifiiU R L. 
RnKliMh. II. 

Rrmuan. J, <k 
Il<*itUt{rkw»n. ir. M. 
II«“a A. J. 
n»Ik R M, 

Houur, \V. M. 
KlljuUlrk, VV. S. 
KtKHuttd. J. K 
Lutirr. It. H. 

NflHtm, M. L, 

New, W. iL <\ 


OrrMI. \ 

ott, (). w. 

r.itk. I K 
IMiilliin. K h 
h I) 

pMltl(‘i 10,111, I. n 
SioliHd, I* <' 
Wall.UT*, K .S 

Onklund 
t'uminiTjK'i, <r J 
Mr.ii.j, L A. 

FiiHndcim ■ 
<;iiloi<i, K. L 
Sun Olo^o ' 
RkIIci, (' B 


Sucromcnto - 
K«*iiiu‘(ly, M 
Sun FninrHco 
Hoitoy, A. J, 
t^Khtan, L H 
( OII.LO, I 

IlaW, H. h 
tlud'ioii, K. A. 
Kno'm. J I 
l.rkuui, W. R 

SttUNUlltO 

Howr, \V VV 


South C;u(o 

IkiiiLum, W, K„ Jr. 
Sikuth l^rukdtxna 
Wuiieii, IL 1.. 


COLORADO 


< kdomdo SprlnjBt * 
Janhui*, I), C'. 


Doim^r ' 
l),LV»*i, A. K. 

LiiicIIh'I'r, a, R 
Me-UimuL I>. J. 

O'Rr.ir, L K, 
Waul. O. O. 


Fortlkdllnu * 
C'uitirr, J, M. 


CONNKCncUT 

llrldftoport - 
Smdk, J. R. 
FulrWdd - 
Oiiborn. W. J. 


C;ienbrook — 
Wahrenbiock, 0 K 

< Greenwich — 

I ones, A. L 
Oppennan, E F 

New Ilavon — 
Hlakclcv, ir. J 
IIukUcs, (' E 
Rodee, E F 
S<*<‘lev, L E. 
TiMstlale, L A 
WilluiuiH, (r S 
Winslow, 0-E A 
Wise. D E. 


Now London— 
Ohtipm, C, G. 
borhlxMK, W. 
IIopHon, W T. 

South Norwalk- 
Adiims U E. 
Ilaivey, A D 
JttnnlnKS. 1 C 
Lyons, C. J. 
M(suL E A 
Wylic, It. M. 


Stamford — 
Hoyt, I.. W. 


Torrlnftton- 
Doatcr, A. 


Walllnitrord - 
Bmnti, J R. 


Watorbury— 
Davis, O K 
Lincoln, R L 
Simpson, W K 
Stewart, C. W. 


West Hartford - 
Corey, CL R. 


DELAWARE 


Wllmtnitton— 

Holt, N. O. 
trawtlirop, F. It. 
Ilayman, A. E,, Jr 
Kershaw, M G. 
Lownsbery, H F. 
PonselU F. I 
Robinson, (». L. 
Schoennahn, R P 
Weatherlow, G P 
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Sheppard, P" A. 
Stephenson, L A 
Stevens, K M 
Weiss, C A 
White, II S 
Wiiidit. H 11 
Zink, D D 

Normandy — 

Uulle, W L 

St loscph — 

Plynn, F T 
llarton, A J 

St. Louis — 

Barry, I G , Jr 
Bayse, H V 
Bociiter. C. F 
Bradley, K P 
Carlson, E E 
Carter, J II 
Chapman, W A 
Cooper, J W 
Corrigan, J A 
Davis, C R. 
Edwards, D. F. 
Eskm. S G. 

Ifagm, D T 
Foster, J M 
(him ore, L A 
Giossni.inn, H A 
Hallei, A. L 
Hamig, L L 
Hamilton, J E. 
Ilartwem, C E 
Hester, T J 
Hugoniot, V E 
Kent.J K 
l/angtmbeig, 1C B 
I.aiitkctter, P\ C 
Malone, J S 
Mnnaluin, J E 
McLaincy, IT W 
McMahon, T W 
Moon. L W 
Nelson, C L. 
O’Buen, W, N 
Rml, P L 
KixleiiheibCi, G B, 
Rosebrough, R M 
Scheiiei, L B 
vSodeinann, P, W 
Sodemann, W C B 
summer, E L 
Sydow, L J 
Tenkonohy, R J 
White, PC. A 

Sprinftficld — 
latacs, R E. 
Karchmer, J H 

University City — 
P'iUvev, J D 

Webster (Jroves— 
Fdlo. F. B. 

Myers, G W. F, 

MONTANA 


Bift Timber— 
Stnckland, A. W, 

BllUngs- 
Collagen, C C. 
Young. F. H„ Jr, 

Great Falls— 
Ginn, T. M 


NEBRASKA 

Clarks — 

Manning. W M 

Lincoln — 

Prawl, F E 
Stevenson, M J 
Stokes, A 

Omaha — 

Olson, G E 
White W R 

NEW HAMPSHIRE 

Manchester — 
Mcakin, J. B 

NEW JERSEY 


Arlington — 
Adler. A. A 
Bock, B A 


Asbury Park— 
Strevcll, R P. 
Atlantic Gity— 
Strousc, S B 
Bayonne — 
Schwartz, J 
Bloomfield — 
Clericu^io, G P 
Faust. P' II 
Hanington, E 
McLcnegan, D W 
Tenney, D 

Camden — 

Brown, W. M, 
Coward, C. W 
Kappcl, G W A 
lainning, E K 
Plum, L H 
Rohlm, K W 
Webster, E K 
Webster, W 
Webster, W , Ji 

GllffsidoPark - 
Butler, P D 
Gollingswood— 
Bolsinger, R C 
Mohifcld, H. H, 

Cranford — 

Johnson, L O 
liast Orange— 


Atkins, T T 
P'erguson, R R 
Gombers. II B 
Grahn.V P'. 
Rack, K C 


Reilly, J. H. 
Tallmaflge, W. 
Tumo, W G W. 


Elizabeth — 

Bentz., II. 

Cherne, R 1C 
('ornwall, G, I 
Grant, W A 
Kaczcnski, C. 
Lyman, S E 
Whellcr, IL S, 

F^ssex Fells— 
Stacey, A. B . Jr. 


Freehold — 

Buck, D. T 

Haddonfield — 

Dobbs, C E 

Hasbrouck Heights — 
Goodwin, S L. 

Hawthorne— 
Spoelfatra, W J 

Irvington — 

Reinke, A G 
Stengel, F J 

Jersey City — 
Hoshagen, J B 
Tones, H L 
Kelly, C J 
O’Rourke, H D , Jr 
Ritchie, W 
Wdlterthura, J J 

Lyndhurst — 

Ehrhch, M W 

Maplewood — 

Kepler, D A 
Kylberg, V C 
Woolley. J. H. 

MerchantvUle — 
Binder, C G. 


Newark — 

Alt. H. L. 

Asldey, C M 
Bryant, P J. 
Carey. P C 
Gamer, W. H 
Day. V S 
Knekson, E. V, 
P'rench, D 
Hill, C F 
lloelil, E R 
Holbrook, F. M 
Holton, J II 
Ingels, M 
Lcinroth, J P. 
Lewis, L L 
Lyle, J I 
Macrow, L 
Mann, L B 
Morehouse, H P 
JLay, L. B 
Riymcr, W, F . Jr 
Soule, L. C 
Stcinmets:, C W. A 


North Arlington — 
Bermel, A H 
Vogelbach, O 

Orange— 

Ciawford, J 11 , Jr 
Paterson — 

Bannon, L E 
Cov II F 
Pryor, P' L 

Perth Amboy — 
Simkin, M 
Plainfield - 
Hedges, II H. 

Tobin, G J 


Princeton — 

Dean, M. PI. 
Ridgefield Park— 
Davis, A C, 
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Ridftewood — 

Fitts, J C 

River Edge — 
Mawby, P 

Rochelle Park — 
Emery, G W. 

Roselle Park — 
Kampish, N. S 

Somerville — 

Van Nuys, J C 

South Orange — 
Browne, A L. 
Hansen, C C. 
Lewis, T. 

Summit — 

Oaks, O O 
Taliaferro, R R 

Teaneck — 

Heebner, W. M. 

Union City — 
Tavema, F. F. 

Upper Montclair — 
Smith, F J. 

Verona — 

Shotwell, R. W 

Weatfidd— 
Scnbner, E. D. 

West Orange — 
Adlam, T N 

West New York — 
Stinard, R L 


NEW YORK 


Albany- 
Bond, H. A. 
Dick, A, V 
Johnson, H S. 
Murray, T. F 
Nelson, A W 
Ryan. H J 
Taggart, R C 
Teeling, G A. 
Westover, W 

Bedford Hills— 
Waters, F. A, 

Binghamton— 
Marum, O. 


BufEUo — 

Beman, M C 
Booth, C A 
Cherry, L A 
Cheyney, C C 
Cnqui, A A 
Cumer, C H. 
Davis, J 
Day.H C. 
Drake, G M 
Famham, R 
Fanar. C W. 
Gifford, C A 
Hamlin, C J , Jr. 
Harding, L. A 
Heath, W R. 


Hedley, P S. 
Hexamer, H D 
Hirschman, W F. 
Jackson, M S 
Kaiser, F. 
Kamman, A. R 
Landers, J J 
Lenihan, W O 
Lighthart, C H 
Love, C H 
Madison, R D. 
Mahoney, D J 
McKinley. C B 
McTernan, F J 
Messenger. T I 
Mosher, C H 
Rente, H W 
Roebuck, W , Jr 
Seelbach, H 
Shelney, T. 

Smith, M S 
Snyder, J S 
Voisinet, W E 
Walker. E R 
Wendt, E F 
Yager. J J. 

Derby — 

Ensign. W A 
Elmira — 

Davis, B C 
Geneva — 
Herendeen, F W. 
Hamburg — 

Graham, C H 
Dolson, C N. 

Hiastings-on- 
Hudson — 

Reynolds, T W 
Hudson Falls— 
Holhster, E W 

Irvington-on- 
Hudson — 

Bastedo, A. E 

Ithaca — 

Bams, A A. 
Elwood.W H 
Sawdon, W M 
Williams. J, W 
Woods, E H 

Kendall — 
Stangland. B F 
Kenmore — 

Candee, B C. 
Mollenberg, H J. 
Quigley. W. J 

Larchmont — 

Downe, E. R 
Gaylor.W S 

Lockport — 

Bishop, C. R 
Saunders, L. F. 

Mt. Vernon — 
Freitag, F. G. 
Northon, L 
Obert, C W 


New Rochelle — 
Abrams, A. 

Farley, W F 
Giannini, M C. 
Lambert, R. D 
Rose, H J 
Terry, M C 

New York City — 
Addams, H. 

Adler, J C 

(Forest Hills, LI) 
Ames, C F. 
Anderson. GAM. 
Andresen, G C 
(Brooklyn) 

Apt, S R 
(Flushing, LI) 
Ashley. E E 
Atherton, G R 
Baker, H L , Jr 
Balsam, C. P 
(Brooklyn) 
Barbien, P J 
Bamum. M C 
Baum. A L. 

Beebe. FEW. 
Bennett, E A 
Bennitt, G E 
Berman, L K. 
Bernhard, G 
(Brooklyn) 
Bianculli, V A 
Blackburn, E C., Jr 
(Garden City, 
L. 1.) 

Blackman. A O 
Blackmore, J J. 
Blackshaw, J L 
(Brooklyn) 

Bloom, L 
(Brooklyn) 
Bodinger, J H 
Bolton, K P 
Bonthron, R C 
Bowles. P 
Brabbee, C W 
Broome, J H 
(Brooklyn) 

Brown, D 
Buensod, A C 
Burbaum, W A 
Burr. K 
Buttaravoli, F 
(Brooklyn) 
Callahan, P J 
(Great Kills, S I.) 
Campbell, F. B 
Campbell, R E 
(Coney Island) 
Carpenter, R H 
(Brooklyn) 

Charles, T. T 
Charlet, L W. 

Chase, C. L 
Cross, F G 
Cuca, V J. 

Dailey. J A 
(Astona, L I.) 
Daly, R E. 

Darts, J A 
Davison, R L 
Deely, J J 
(Brooklyn) 

Denise, J R. 

Denny, H R. 

Dodge, H A 
Donnelly, R 
Domheim, G. A. 

(Bronxville) 

Downs, C R, 

DnscoU, W H 
Duff, K 
Duncan, J R 


Dwyer, T F 
(Brooklyn) 

Eadie, J G 
Elliott, L. 

Rngle, A, 

EtlinKcr, J M 
EvoretU, J , Jr 
Fade, K II 
Farbm.m, L X 
Fay. D P 

(Richmond Hill, 
L I) 

Fay. K C 
Feldman, A M 
Fenner, N 1* 

Fidclius, W R 
Fiedler, H W 
Fleishei, W L 
Flmk, C 11 
Frank, O, E 
Fiey, G O 
Fnedman, M. 

Fnmct, M 

(Torapkinaville, 
S I) 

Frit/, C. V. 

(l^'recpoit) 
Galloway, I F 
(BiooUyu) 

Gates, R. A 
(Brooklyn) 

Gilmoui, A B 
(Brooklyn) 

Glore, K F 
Goldberg, M. 

(Brooklyn) 
Goldschmidt, O E 
Goidon, P H 
Goinston, M II 
(Brooklyn) 
Goulding, W 
(Biooklyn) 

Gtabei, 1C. 

(Ahtoiui, LI) 
Greben, D 
Green, A W 

(Jackson Iloights., 
L I.) 

Giccnberg, L. 

Groves, S A. 

(l«orcst Iltlls) 
Ilaniont, L 
Hamjc, M C. 
Haitman, F. S. 
Harsch, R J 
(Brooklyn) 

IIate.iii, W M. 
lleibel, W TC 
Henry, A S , Jr. 
Ilcring, A. 

Hcikimei, H 
Hcrsfce, A. R 
Herty, F. B. 

(Brooklyn) 

Hieka, It K. 

Iliers, C R. 

(Great Neck, L I ) 
nildreUi. L W. 

Hinkle, 1C C 
(Ilempateod, L 1.) 
Ilinrithsen, A F. 
IToftinan, C S. 
Hollistci, N A. 

(Brooklyn) 

Hosking, H L 
Hotchkiss, O. H. B. 
Howell, F B 
Ilynuin, W, M. 
d’lssertelle, H. G. 
Jacobus, D S. 

Tames, J. W. 

Janet, H. L 
Taicho, M. D 
Johnson, E. B. 

(W. New Bnghton, 

S. 1) 
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Roll of Membership 


lohnsoii, W A 
johimtoii, W U 
fold, in, W O 
JosopIuMon, S 
(liiooklvn) 

kanSfiKU, <». C 
kml<*x, 1 
kiinball, I) I) 

(HiooUvn) 
K(»cliUi,(' y 
Kulusta, U. W. 
kiililnianri, K 
Lain*. 1) I> 

(lai'lwBon IhMRhts) 
1) 

Lnipoltl, H. W 

Totti'uville, 
S 1 ) 

Ia‘v<*iit!uil, H 
(Hinoklyn) 
la'WiN, 1 
I aval, A 1* 
lairko, C' 1C 
Lyle. 1',. n 
Lynn, P S 
Lynii't, M. A 
Mlaiul«‘vill<\ I'. W. 

(Htooklyn) 
Maikiish. K U. 
Maitm, (• W 
Mat/on, 1 1 B 

(UockvilU* ('ontrc, 
I- 1) 

Ml ('llnttx k. W. 

M<.( louHitiii, (' 
(Hionklyn) 
McKwan, IC IC 
Mt'(;aiiKlu*v, I IC 
MoKi<*v<m, VV H 
McLcihIi, W S, 
M<‘hno, < ' A 
Mi^nke, II (L 
(' L, 

A 

(Isu kBonvillc, L I) 
Moyyi. II <\Ji 
Miicnoi, IC. U. 

Millci, C' A. 

Milloi, J 
Millci.L H. 
M(>nt«oiucrv, O. C. 
Mooic. K IC 
(Hiooklyu) 

K W 
MoHflt 1C 
(Brooklyn) 

Munier, L. U. 
Munnon, Jf. L. 

(Viilley Stream) 
Murphy, O. Ci 
Murphy, J. K 
MytiiiKer, IC, L. 
N<m1c, L, 1. 

Olfnei, A J 
()l(k% W. IC. 

OlHMl, Cr IC. 

(Aivoine. LI) 
OlHon, R <r 
Olvany, W. J 

(Wo<xl haven, L. I ) 
Pabst, (' S 
PatuTiio, S A. S 
Pennu, A, IC 

X*«rt Ruhmond, 
S. L) 

PfuhlM, J. h, 

(W New HriKhton, 
vS I) 

Phillips. V W.. Jr 
(Htooklyn) 

Pietsch, J. A 

(New IhiKhton. 

S. 1.) 

PiUlman, A, A. 

Place, C R. 


Pohle, K F 
Pnoo, 1C 11 
(Uivcrheatl, L I } 
Purdy, K H 
Puimton, D J 
Quirk, C If 
Raisler, R K 
Ramfxiy, J W 
Raynis, f 

(Richiuoud llill, 
L 1) 

Reynolds, W V 
Riley, C L 
Riley, R C 
(Jamaic.!, LI) 
Ritfhie, IC J 
(Biuuklyn) 

Ritlci. A 
Rodman, R W 
Rose. A A 
Rosenberg, P 
RoscnhuiK, W 1C 
(Locust Valley, 
L 1) 

Ross, J O 
Roth, C F. 

Rufittles, R. F. 

(Randall Manor. 

b J) 

Saltci, LC n 
Sanbern, K N 

(Rockville Centre, 
L I) 

Sawhill, R V 
.Schneuler, W G 
.Schoepllin, P U 
Sehul/e, H U. 

Scott, G M 
S(H‘liK. A IC 
SelUiuu, N, T. 
Senioi, R L 
Sheiiaid, IC C 
Siohs, t' 1 
Simpson, A M 
Skulmoic, I G 
(Lohr Island City) 
Skieiiaiik, L 
Steenetk, k C 
(Hellauc, L 1.) 
SteinberR, iC 
Steinc, C M, 

(Long Island City) 
Still, F. K. 
Stiavitsch, J J 
(O/one I>ark, L I,) 
Stiotk, C. 

Sti imm, J 
Syska, A (». 
Thomson, T N 
(UuntmKton, L. 1 ) 
TilU, B. L 
Tiiumis, W. W. 
Toinince, IL 
Tiuuibauer, C W. 
Tuckei, F N 
(Freeport, L. I.) 
Tusch, W 
(Brooklyn) 

Tyler, R D 
Vervoort, K. L 
Vetlcsen, G XJ 
Vivarttas, E. A 
(W. New BnKhton 
, S I) 
vogt,j ir. 

Wadis, L J. 

(Brooklyn) 
Waediter, II P, 

(Tompkinsville, 

Walker, W.K ^ ^ 
Wallace, G. J 
(B Elmhurst, L I ) 
Walsh, M. 

Walton, C. W . Jr 
Waring, J M S. 


Wlutelaw, II L 
WhitUker,W K. 

(St Albans, L I.) 
Wilder, E L 
Wilbon, A. 

(Brooklyn) 
Wmquist, W. J 
(Biooklyn) 

Wohl, M W 
(Biooklyn) 

Wolf, P 

North Tonawanda — 
Conaty, B M 

Orlbkany — 

Oakey, W E 

Patchoque — 

Blakcblce, D 
Jalonack, I G 

Pelham Manor — 
Crone, T IC 
Peacock, J K 

Rochester — 

Bctlem, II T 
Coe, R T 
('ook, R P. 
ICbchenbncii, S P 
1 lakes, L M 
Hewett, J B 
Jlutcluns, W, n 
Lee, R T. 

Lermaid, L W 
Sheldon, N E 
Stacy, S C 
Vidale, R. 

Rome — 

Lynch, W L. 

Scarsdalc — 

Cumnung, R W. 
Ullman, FI G 
Wagner, F II , Jr. 

Schenectady — 
Hun/iker, C E 
Seely, I. R 
Vogel, A 
Welch, L. A., Jr. 

Schodack Landing — 
Fleas, R B 

Snyder — 

John, V P. 

Syracuse — 

Acheson, A R 
Evans, IC C 
llockcnsmith, F E 
Rudio, 11 M. 

Wocse, C F. 

Tarrylown — 

Weiss, A P 

Tonawanda — 
Karlatecn, G. H 

Utica— 

Knapp, J. H. 
Steinliorst, T F, 

White Plains— 
Durkee, M E 
Zibold, C. E 

Yonkers— 

Heme, W M 
Goerg, B. 

Harmonay, W. L. 
Ilaytcr, B. 

Hopp, H K. 


Kelly, J G 
Itamgcr, W F 
Zuhlke, W R 

NORTH CAROLINA 

Burlington — 

Kistler, M L 

Charlotte — 

Brandt, E II 
Hodge. W B 
Small, B R 

Greensboro — 
Harding, E R 

High Point- 
Gray, W E 

Raleigh — 

Rice, R. B. 

Winston-Salem — 
Bahnson, F F 
Blown, M D 
Cornwall, C C 
Page, A 

Rueger, C A , Jr 


NORTH DAKOTA 


Grand Forks — 
Pcsterhcld, C H 


Akron — 

Gault, G W 

Bollcfontaine — 
Quay, D M 

Cincinnati — 

Bird, C 
Coombe, J 
Doyle. W J 
Edwards, A W 
IHoyd, M 
Grabensteder, L 
Giaham, J M. 
Giecn, W C 
Helbum, I. B 
IIoulis. L D 
Houliston, G B 
Hudcpohl, L F 
Huat, C. E 
Junker, W H 
Kiefer, C J 
Kinney, A M 
Kitchen, H N 
Kramig. R E , Jr. 
Laut4S, F A. 
LitUe, K. B. 

Mills, C A. 

Pillen, H A 
PisUer.W C 
Powers, L. G 
Richard, E J 
Royer, E B. 

Ruff, A. G. 
Sigmund, R W, 
Smith, J. A, 
Smith, S 
SprouU, H. B. 
Washburn, M. J. 
Winther, A 
Wright. K A. 
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Cleveland — 

Allmen, N S 
Andes, W 
Avery, L T 
Baker, R H 
Barney, W E 
Beach, W R 
Borkat, P 
Brezina, E A 
Brueggeznan, A R 
Cary, E B 
Cohen, H 
Cohen, P 
Conner, R M 
Curtis, H. F 
Curtis. W A 
Davis, J R 
Eveleth, C F 
Fnedman, A A. 
Geissbuhler, J O 
Geltz, R W 
Gottwald, C 
Graham, W D 
Gray, E W 
Hams, J G 
Harvey, L C 
Kam. E. M 
Kalinsky, A G 
Kartone, V T 
Kitchen, F A 
Klie, W 
Leslie. D £ 

Levy, M I 
Marotta. J A 
Martinka, P D 
McKeeman, C A 
Miles,! C 
Miner, F K 
Moeller, R 
Moms, F H, 
Pogalies, L H 
Rather. M. F 
Repko, J J 
Rhoton, W R 
Rowe, W M 
Schmidt, R. H 
Schunnan, J A , Jr 
Sennet. L £ 

Smith, W D 
Southmayd, R T. 
Taze, D L 
Tuve, G L. 
Vanderhoof, A. L. 
Walker. J E. 

Webb, E C 
WetzeU, H. E 
Wilhelm, J E 
Young, E. O. 

Cleveland Heights — 
Davis, R G. 
Richmond, J. 
Rodgers, F A 
Sterling, J G. 

Columbus — 

Allonier, H R 
Breneman, R. B 
Brown, A I 
KimmeU, P M. 
Poling, D B 
Sherman, R A 
Williams, A. W. 
Wyatt, D H. 

Cuyahoga Falls— 
Humphrey, D E. 
Jenmngs, H. K 
Read. R, R. 

Da3rton — 

Brooks, F W 
Buenger, A. 

Clarke,! G. 
Gibbons, M ! 


Gonzalez, R A 
Hull. H B 
LaSalvia, ! ! 

Lewis, C E 
MacMillan, A R 
Noble,! P 
Shields, C D 
Smith, L £ 

Swift, P F 
Williams, F H 
Worsham, H 

East Cleveland — 
Nobis. H M 
Stark, W E 
Steffner, E F 

Elyria — 

Maynard, J £ 

Hudson — 

FoUett, T L 

Lakewood — 

Fuller,! H 
Longcoy, G B 
Tanker, G E. 
Teckmyer, F C , !r. 
Wilson, R A 

Mansfield — 

Blair, H A. 

Middletown — 

Byrd, T 
Maier, A H 
Stitt, A B. 

Newark — 

Simpson, D C 
Slaj^er, G, 

Norwood — 

Braun, J J 
Motz, O. W 

Painesville — 

Hobbs,! C. 

Piqua — 

Lange, R T 

Sedalla — 

Middelton, H A 

Shaker Heights— 
Harvey, R, A. 


OKLAHOMA 

Alva — 

Husky, S T 

Bartlesville — 
Yates, G L 

Norman — 

Adams, B C , !r 
Bowman, ! W 
Dawson, E F 
Giles,! C 
Rauh, E M 
Sneed. R B 
Sonney, K ! 

Oklahoma City — 
Constant, £ S 
Dolan, R G 
Dugger, E. R 
Earl, W 
Emmons, N L 
Gray, E W. 
Hoppe, A A 
Hewlett, I G 
Loeffler, F X 
Loeffler, L , !r 
Mayes, C 
Meinholtz, H W 
Middleton. D 
Miller, B R 
Miner, M H 
Rathbun, P W. 
Rolland, S. L 
TUler, L 

Tulsa — 

Dean, C H. 
Disney, M A 
Frampton, A C. 
Holmes, A D 
!one8, E 
Jordan, R C 
Pauling, R E 
Shoemaker, F F 


Corvallis — 
Willey, E C 
Portland — 
Kroeker, ! D 


PENNSYLVANIA 


Springfield — 
Hauck, £. L 

Toledo — 

Baker. H. C 
Bichowsky, F R 
!ones, S 
Keyes, R E 
McKitnck,W D 
Myers, F L. 
Treadway, Q. 
Watkins, G B 

Waverly — 
Annbruster, F T, 

Wilmington — 
Marconett, V. G. 
Sapp, C L 

Youngstown — 
Boucherle, H. N 
Choffin, C. C. 


Abington — 

Park, N W 
Allentown — 

Kom, C B 
Ardmore — 

Haynes, C V. 
Ardsley — 

Tucker, L. A. 

Atglen — 

Thompson, B. F 
Bala-Cynwyd — 
Patrick, H M 
Whitney. C W. 

Beaver Falls — 
VanAlen, W T 
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« « ^ CAtftmaa, Stewart A Jellett 
B. H. Carpenter Wm, Kent 

A. A. Cary Wiltsie F. Wolfe 

Henry Adams, Pres Wm M. Mackay, Secy 

Council 

Chairman, R. C.^Cargenter 


John Gormly 
w. S. Hadaway, Jr. 
Henry Adams, Pres 


Wm. McManms 
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Roll of Membership 


1900 

Prendent D M Quay 

1st Vtce-PrestderU A E Kennck 

tnd Vtce-PrestderU . Francis A Williams 

Treasurer . Judson A Goodrich 

Secretary.^ Wm. M Mackav 

Board of Governors 

Chairman, D M Quay 
Wm Kent, Vtce-Chm D M Nesbit 
R C Carpenter C B J. Snyder 

John Gornily Wm M Mackay, Secy 


1901 

Prestdent J H Kinealy 

ist V tce-PrestderU A E Kennck 

$nd Vtce-Prestdeni .... Andrew Ilarvev 

Treasurer . .. Judson A Goodnch 

Secretary^ ,Wm M Mackay 

Board of Governors 

Chairman, J. H Kinealy 
Wm Kent, Vtce-Chm. John Gormlv 
R C. Carpenter C B T Snyder 

R P. Bolton Wm. M Mackay, Secy 


1902 

President « A E Kennck 

Isi Vice-President . . . Andiew Harvey 

tnd Vice-Prestdent _ Robert C Clarkson 

Treasurer... Judson A Goodnch 

Secretary ..Wm M. Mackay 

Board of Governors 

Chairman, A E. Kenrick 
John Gormly, Vtce-Chm J H. Kinealy 
R. C. Carpenter C B J Snyder 

Wm. Kent Wm M, Mackay, Secy, 


1903 

PrestderU H. D. Crane 

1st Vtce-President Wm, Kent 

Vice-President R. P Bolton 

Treasurer Judson A. Goodnch 

Secretary -. .... Wm M. Mackay 

Board of Governors 

Chatrman, H. D Crane 
C. B J. Snyder, Vtce-Chm. A. E Kennck 
R C. Carpenter Geo. Mehnng 

John Gormly Wm M. Mackay, Secy. 


1905 

President . . .Wm Kent 

1st Vice-President . . R P Bolton 

Snd Vice-President C. B. J Snyder 

Treasurer Ulysses G Scollay 

Secretary. .Wm M. Mackay 

Board of Governors 

Chairman, Wm Kent 
R. P. Bolton James Mackay 

C. B J Snyder B F Stangland 

B. H. Carpenter J. C F. Trachsel 

A B Franklin Wm M Mackay, Secy. 


1906 

President .. ..John Gormly 

1st Vice-President C B J Snyder 

Snd Vice-President T.J Waters 

Treasurer Ulysses G Scollay 

Secretary.. Wm M Mackay 

Board of Governors 

Chairman, John Gormly 
C. B J. Snyder, F»ce-CAm. James Mackay 
R C Carpenter B. P Stangland 

Frank K Chew T J Waters 

A. B Franklin Wm M Mackay, Secy, 


1907 

President .... C B J. Snyder 

1st Vice-President ...... James Mackay 

Bnd Vice-President - Wm G. Snow 

Treasurer .... Ulysses G. Scollay 

Secretary „ .. Wm M Mackay 

Board of Governors 

Chairman, C B. J Snyder 
James Mackay, Frank K. Chew 

R. £ Atkinson A. B. Franklin 

R. C. Caipentcr Wm. G. Snow 

Edmund F Capron Wm. M Mackay, Secy 


1908 

President ........ ..... James Mackay 

1st Vice-President Jaa. D Hoffman 

M Vice-President B F. Stangland 

Treasurer ... ... Ulysses G Scollay 

Secretary „ Wm. M, Mackay 

Board of Governors 

Chairman, James Mackay 
Jm D, Hoffman, John F. Hale 

B. P, Stangland August Kehm 

R. C Carpenter C B. J Snyder 

Frank K. Chew Wm M. Mackay, Secy. 


1904 1909 

President . - .. Andrew Harvey President Wm, G. Snow 

1st Vice-President John Gormly 1st Vice-President August Kehm 

Xnd Vice-President Robert C. Clarkson Snd Vice-President ...B, S Harrison 

Treasurer -Ulysses C Scollay Treasurer - —Ulysses G. Scollay 

Seeretary - - .Wm. M Mackay Secretary ^Wm M. Mackay 

Board of Governors Board of Governors 

Chairman, Andrew Harvey Chairman, Wm. G. Snow 

John Gormlv H. D Crone August Kehm, Vice-Chm Samuel R. Lewis 

Robert C, Clarkson A. E Kenrick John R. Alien James Mackay 

J. J Blnckmorc C. B. J Snyder R, C, Carpenter B. F. Stangland ^ 

K. C. Carpenter Wm. M Mackay, Seey, B. S. Harrison Wm M. Mackay. Secy. 
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1910 

Prestdent .. - Jas D Hoffman 

1st Vtce-Prestdenl R P. Bolton 

Bnd Vtce-PrestdetU .Samuel R Lewis 

Treasurer Ulyases G Scollay 

Secretary .Wm M Mackay 

Board of Governors 
Chavman, Jas D. Hoffman 


R. P. Bolton, Vtee-Ckm. 
Geo. W Barr 
R. C Carpenter 


R. C Carpenter James Mackay 

Judson A Goodnch Wm. M Mackay, Se^ 


JohnF Hale 
Samuel R Lewis 
James Mackay 


- V *7 OwiRht 1). Kimlmll 

1st Vtce-Ptesident ..... .... Harry M Hart 

Snd Vtcr~Prestdent . « ..I^nink T Chai>man 

Treasurer.^ . _ . . . Homer Addams 

Secretary..^ I J Hhckmore 

Council 

Chairman, Dwiftht D Kimball 
Harry M Hart, Vtce-Chm Samuel R l.cwis 
Homer Addams Kiank (L Mi Cann 

Frank T Clwpman T. T J Mellon 

Frank I Cooper Hcniy C Meyer, Tr 

E Vernon Hill Arthur K ( Ihmes 

Wm M Kingsbury J. J Blatkmorc. Secy 


Prestdent 

1st Vtce~Prestd^ 

Bnd Vice-President^ 

Treasurer 

Secretary. 


R P. Bolton 

John R Allen 

A B Fmnklm 

..Ulysses G Scollay 
Wm W Macon 


Board of Governors 

Chairman, R. P. Bolton 
ohn R Allen, Vue-Ckm. A B. Franklin 
fohn T Bradley Jas D Hoffman 

t C CarMter August Kehm 

ames H Davis Wm W. Macon, Secy. 


^e^ent ... Harry M. Hart 

Isi Vice-President .... . Frank T Clupman 

Vice~Prendent Aithur K Ohtnes 

Treasurer . Homer Addams 

Secretary .. CiMin W Oliert 

Council 

. Chairman, Harry M Hart 

F T Chapman, Vtce-Chm l>wigUt I> Kimball 
Homer Addams Ileniv C, Meyer, Jr. 

Charles R Bishop Aithur K. C dimes 

Frank I Cooper Fiwl R. Still 

Milton W Franklin Wa!t<‘r S Timiiua 

E. Vernon Hill Casm W. (^bert, Secy, 


Prestdent.^ 

1st Vica-President 
Bnd Vice-President..,^ 

Treasurer 

Secretary. 


_ .. John R Allen 

John F. Hale 

JSdmund P. Capron 
JTames A. Donnelly 
Wm W. Macon 


Board of Governors 
» . Cl^irman, John R Allen 

John F. Hal^ F*c«-CAm, Dwight D Kimball 
« Samuel R Lewis 

R P Wm M. Mackay 

Jaa D Hoffman Wm, W. Macon, Secy 


President 

1st Vice-President 

Bnd Vtee-President 

Treasurer..,...,....., 

Secretary 


John F. Hale 

A. B Fnukhn 

JEdmund F. Capion 
. Janies A. Donn^y 
Edwin A Scott 


Board of Governors 
* « « Chairman, John F. Hale 
A B. F^a^n, VtceCkm. James A. DonneUy 
John R- Mea Dwight D Kimba 

Edmund F Canron Wm. w 


l^mundF Capron 
R P. Bolton 
Frank T Chapman 
Ralph Collamore 


Dwight D Kimball 
WmTW Macon 
James M. St^nard 
Theodore Weinshank 
Edwu A. Stott, Secy, • 


1917 

President . .. .. 

1st Vtee-President . , .... 

Bnd Vue-President . . 

Treasurer . .. ..... , . ... 

Seaetary . 

, Council 


... . J. Irvine Lyle 
.Arthur K. Otimes 
.. It'reclR. Still 
Hojuei Addams 
Casin W. Obert 


A K. Ohmes, Vtce-Chm, 
Homer Addams 
Davis S Boyden 
Bert C. Davis 
Milton W. Franklin 
Charles A. Fuller 


Chairman, J. Irvine Lyle 
J, Vice-Chm, Harry M, 


Harry M. Hsut 
K. Veincni Hill 
James M Stinnonl 
Ifreil I< Still 
Walter S. Tlinmls 
Casin W, Oi)ert. Secy. 


1918 

^e^ent^,. r. ^tlll 

. W.iUer S. Tlmmis 

Vice-President H. Vex mm Hill 

Treater,. . ..... — . . Homer AcldAxns 

Secretary .. Cnwi W. Oixsrt 

Council 

Mr e Chairman, Fred R. Still 
W. S. Timnns, Viee-Chm, J. Irvine Lyle 
Homer Adda^ k Venxon Hill 

WilLam H gritopll I^rank (L Phegley 

Ho^ H Fielding Fr<‘(L W, Powers 

r 11 Cliawplnln U Riley 

C W Kimball Casin W. Obett, Secy, 


President 

Isi Vice-Prestdent .. 
Bnd Vice-t^estdent., 

Treasurer ~ 

Secretary 


— —.jSamuel R. Lewis 
._Edmund F Capron 
... Dwight D. KimbaU 
.. ~ James A Donnelly 
J J. Blackmore 


Chairman, Samuel R Loewis 
E. P. Capron, Vtee-Chm John RH^e 
pS? p Harry M Ifert 

John It Mm Frank G McCann 

T Wm- W Macon 

Frank I Cwper James M. Stannard 

James A. DonneUy J J. Blackmore, Su 


. Bl^lmore, Secy. 


.Walters Tlmmli 

™ rniMJItcm wrMln 

Secretary Casin W. Obert 

Council 

^*^Chin, Frank G. Phegley 

W. Pryor. Jr. 
Ctomplttin 1., Rliey 

George B. Nichols Casin W. Obert, Secy. 


Roll of Membership 


PrendetU E Vernon Hill 

ist Vtcf-Prestdent Champlain L Riley 

$nd Vtce-Prestdeni .. .. Jay R McColl 

Treasurer Homer Addams 

Seerdary - . Casin W Obert 


Chairman^ E Vernon Hill 
C L Riley, Vtce-Chm Jay R McColl 
Homer Addams G^rge B Nichols 

Job a Cutler Robt W. l^or, Jr. 

Wm II Dnscoll W S Timmis 

A C Edgar Perry West 

Alfred Kclloge Casin W Obert, Secy 


Prestdeni Champlmn L l^ley 

isi Vice-Pres%deni Jay R McColl 

Treasurer ... Ilomor Addams 

Secretary Casin W Obert 


Chairman, Champlain L Riley 
Jay R McColl, Viee-Ckm E S Hallett 
Homer Addams E Vernon Hill 

Jos A Cutler Alfred Kellogg 

Samuel E Dibble E E McNair 

Wm II Dnscoll Perry West 

II, P. Gant Casin W Obert, Secy 


President. 

tst Vice-President 

tnd Vice-President.. „ 

Treasurer.... ..... 

Secretary. 


Jay R. McColl 

H P Gant 

Samuel E Dibble 

Homer Addams 

Casin W, Obert 


Chairman, Jay R. McColl 
H. P. Gant, Vtce-Chtn. L. A. Harding 
Homer Addams E. E McNair 


Jos. A. Cutler 
Samuel E. Dibble 
Wm II. Dnscoll 
£. S. Hallett 


H. J. Meyer 
C. L Riley 
Perry West 

Casin W. Obert, Secy. 


1923 

President 

ist Vice-President — 

$nd Vice-President ..... 

Treasurer - 

Secretary 


1924 

President ..Homer Addams 

1st Vice-President . .. S E Dibble 

£nd Vice-President William H Dnscoll 

Treasurer Perry West 

Secretary F C Houghten 

Council 

Ckatrntan, Homer Addams 
S. E Dibble, Vice-Ckm. W. E Gillham 
F Paul Anderson L A Harding 

W H Gamer Alfred Kellogg 

J A Cutler Thornton Lewis 

William II Dnscoll Perry West 

H P. Gant F. C Houghten, Secy 

1925 

President S E Dibble 

1st Vice-Prestdent .Wm. H DnscoU 

Snd Vice-President F. Paul Anderson 

Treasurer Perry West 

Secretary . F C Houghten 

Council 

Chairman, S. £. Dibble 
Wm H DmcollVice-Ckm. W T. Jones 
Homer Addams Thornton Lewis 

F Paul Anderson J H Walker 

W. H Gamer Perry West 

j. A Cutler A. C Willard 

W E Gillham F C. Houghten, Secy. 

1926 

President .W. H. Dnscoll 

1st Vice-President F Paul Anderson 

Bnd Vice-PresidenL A C Willard 

Treasurer .W E Gillham 

Secretary -A. V Hutchinson 

Council 

Chairman, W. H. DriscoU 
F. Paul Anderson, Vtee-Chm. C V Haynes 
W. H Gamer W T. Jones 

J A Cutler E B Langenberg 

S. E Dibble Thornton Lewis 

W. E GiUbam J F. Mclntire 


A. C. WiUani 


President - — 

1st Vice-President 

Bnd Vice-President 

Treasurer - 

Secretary 


F. Paul Anderson 

AC Willard 

Thornton Lewis 

W E Gillham 

. ..Jh. V. Hutchinson 


. IL P Gant 
.. . TIomcr Addams 
. . E. E. McNair 
. ..Wm. H. Dnscoll 
C W. Obert 


Chairman, H. P. Gant 

Homer Addams, Vice-Chm E. S Hallett 

W. IL Camcr Alfred Kellogg 

J. A Cutler Thornton Lewis 

S. E. Dibble E E McNair 

Wm. H. Driscoll Perry West 

Casin W. Obert. Secy 


Council 

Chairman, F. Paul Anderson 
A. C Willard, Vtce-Chm. John Howatt 
H H. Angus WT. Jones 

W. H Camcr j J. Kissick 

W H. Driscoll E. B. Langenberg 

Roswell Famham Thornton Lewis 

H H Fielding J F. Mclntire 

W. £ Gillham H. Lee Moore 

* C. V. Haynes F B. Rowley 

1928 

President A. C Willard 

1st Vice-President Thornton Lewis 

Bnd Vice-President LA. Harding 

Treasurer - ^W, E Gillham 

Secretary A. V. Hutchinson 

Council 

Chairman, A. C, Willard 
Thornton Lewie, Vice-Chm, C. V. Haynes 
F. Paul Anderson John Howatt 

H H Angus W. T Jones 

W. H. Camcr J J. Kissicfc 

N. W Downes E B Langenberg 

Roswell Famham J F. Mclntire 

W E. Gillham H. Lee Moore 

F. B. Rowley 
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President. .Thornton Lewis 

1st Vice-President . - -.LA Harding 

£nd Vice-President W H Camer 

Treasurer W E Gi Ilham 

Secretary - _ A. V Hutchinson 

Technical Secretary -P D Close 


Chairman, Thornton Lewis 
L. A Harding, Vice-Chm John Howatt 

H. H Angus W T Jones 

W H Carrier E. B Langenberg 

N. W. Downes G L Larson 

Roswell Famham F C McIntosh 

W E GiUham W A Rowe 

C. V Haynes F B Rowley 

A. C Willard 


President — - 

1st Vice-President — . 
9nd Vice-President 
Treasurer-.. — . 
Secretary . 


W T Jones 

C V. Haynes 

John Howatt 

D S Boyden 

A. V Hutchinson 


Chairman, W. T 
C V Haynes, Vice-Ckm 
D S Boyden 
£ K Campbell 
R. H Carpenter 
J D CasseU 
£ 0 Eastwood 
R Famham 
F. E Giesecke 


Jones 

E H Gumey 
John Howatt 
G L. Larson 
J F Mclntire 
F C McIntosh 
L W Moon 
F B Rowley 
W E Stark 


President 

1st Vice-President...- 
Snd Vice-President— 

Treasurer 

Secretary 

Tedinuud Secretary- 


.-X A Harding 

H Camer 

F B* Rowley 

C. W Fanar 
Al. V Hutchinson 
P D Close 


President . C V Haynes 

1st Vice-President John Howatt 

Snd Vice-President . . « G. L. Larson 

Treasurer D S. Boyden 

Secretary — A. V. Hutchinson 


Chairman, L A Harding 
W. H. Camer, Viee-Chm. John Howatt 

H H. Angus W. T Jones 

D. S Boyden E B Langexi 

R. H. Carpenter G L Larson 


T.D CasseU 
N. W Downes 
Roswell Famham 
C W. Farrar 


W. T Jones 
E B Langenberg 
G L Larson 
Thornton Lewis 
F C. McIntosh 
W A Rowe 
F B. Rowley 


Chairman, C. V Haynes 

i ohn Howatt, Vtce-Chm, W T Jones 

1 C Beman G L. Xirson 

D S. Boyden T F Mcliitirc 

Albert Buenger F, C. McIntosh 

R H Carpenter L, Walter Moon 

J D Cassell O W. Ott 

F E Giesecke W A Russell 

E H Gumey W E Stark 


President 

la Vice-President 

ind Vtce-Prestdera 

Treasurer 

Secretary 

Technt^ Secretary 


- -W H Camer 
-.-F B Rowley 
.. .W T. Jones 
. . .F. D Mensing 
A V. Hutchinson 
P D Close 


President . - .. 

la Vice-President 

Snd Vice-President 

Treasurer - . 

Secraary - 


- John Howatt 

- - . — . G. L. Uirson 
. . D. S. Boyden 

A J OITner 

. .. A, V Hutchinson 


Chairman, W. H Camer 
F. B. Rowley. Viee-Chm. L A Harding 

D S Boyden John Howatt 

E K CampbeU W. T. Jones 

R. H. Carpenter £, B Langent 


J.D CasseU 
E O Eastwood 
RosweU Famham 
E. H. Gumey 


John Howatt 
W. T. Jones 
£, B Langenberg 
G L. Larson 
F. C. McIntosh 
F. D Mensing 
W A. Rowe 


Chairman, John Howatt 
G. L Larson, Vice-Chm. C V. Haynes 

M C Beman T K. Mclntire 

D S Boyden P. C McIntosh 

Albert Buenger L Waller Moon 

R. H. Cariienter A. J Offner 

J.D CasseU O W Ott 

F. E Giesecke W. A. Russell 

E. H. Gumey W E. Stark 


President 

la Vice-President—. 

Bnd Vice-President—. 

Treasurer 

Secretary 

Technu^ Secretary 


F. B, Rowley 

W.T Jones 

C, V. Haynes 

F D. Mensing 

A V, Hutchinson 

P. D. Oose 


President .. 

la Vice-Prendent - - . 

Bnd Vice-Prendent .. . 

Treasurer 

Secretary - „ „ . 


(r L r.4ir8on 
D. S. Boyden 
K U (iuiney 
A, I. oaner 
I A. V. HuKhineon 


Chairman, F B. Rowley 
W. T Jones. Vtce-Chm, F. E Giesecke 

D. S. Boyden £. H, Gumey 

K. Campbell C. V Haynes 

R H Carpenter John Howatt 

W* H Garner G L. Larson 

John D Cassell J F Mclntire 

E. O. Eastwood F. D Mensing 

RosweU Famham W. B Stark 


Chatman, G. L Larson 
D. S. Boyden, Vtce-Chm, John Howatt 
M. C. Beman C. M llumphreys 

R C Bolsinger I, Walter Moon 

^bert Buenger J. F Mclntire 

S H Downs A, J, Oftner 

W. L. Fleisher f). w Ott 

F. E. Giesecke W. A. Russell 

B» H Gumey W. E. Stark 
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